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DISCUSSION AND RECOMMENDATIONS 

Discuss ion –  Wi ldland Fire  

The unique arrangement of the Great Tr inity Forest (GTF) within the boundaries of 
the City of Dal las presents itse lf  wi th many opportunit ies.   With these opportunit ies ,  
though, there are fundamental  r isks that should be acknowledged.  The r isk of 
wildland f i re occurring within the GTF appears l imited based on the current 
vegetation and reports of no past f i re history within the forest (Personal 
communication with Dallas Fire -Rescue personnel) .   Despite this,  i t  is  important to 
consider the potential  hazards posed to surrounding communities and the readiness 
of the agencies that would be tasked with managing such an occurrence.  

The proposed management actions wil l  have a variety of affects on the fores t 
structure and fuel loading.  Areas that wil l  receive active management,  namely 
herbicide appl ication to the overstory fol lowed by plant ing, wi l l  become more l ikely 
to carry a f ire than the surrounding “Wilderness” forest type.  Grassland or prairie 
areas could pose signif icant r isk  to surrounding communities,  particularly the 
western boundary of the forest near the Joppy community.   Management and 
development of the GTF wil l  result  in an increase in the number of visitors to the 
forest,  thus leading to a higher potent ial  for  f ire to occur.   It  should be noted that 
most wildfires occurring in Texas are a result  of arson or the burning of debris.    

Currently the Dallas F ire -Rescue Department  (DFR)  maintains 5 Type VI/  Brush truck 
units at var ious stations on  the south side of Dallas.   The department also does not 
have personnel particular ly tra ined in wildland f irefighting,  i .e .  “Red Card” Certi f ied 
as wildland f irefighters.   Annual ly the department becomes involved with situations 
that could potentia l ly  esca late into wildland f ire incidents,  such as  brush and grass 
f ires,  downed uti l ity l ines,  vehicle f ires,  and arson.  

Other avai lable resources in the area include tractor/plow units staffed by Texas 
Forest Service personnel in Granbury,  Gree nvil le  and McGregor.  These regional 
off ices a lso house regional f ire coordinators and other individuals  trained in wildland 
f ire and inc ident management.  Surrounding f ire departments that work with the 
Dallas Fire -Rescue Department on a mutual aid basis do maintain units tra ined in 
wildland f i re f ight ing and would be potent ia l  responders  to f ire incidents with in the 
GTF.  The National Guard in the area is  trained to provide air  support and hel icopter 
bucket drops for wildland f ire inc idents and should be considered as pote nt ial  
resources.  

In l ieu of development along the Tr inity Corridor,  the DFR has prepared a budget that 
addresses the issues of medical  and wildland incid ents.   Within the budget the DFR  
has out l ined the need for a water tanker truck and also recommendations for 
outfitt ing the exist ing booster f leet with equipment appropriate for wildland 
incidents.   The budget  also mentions relocat ing resources to stations closer to the 
GTF and increasing the training of personnel in operating the Booster Pumpers ,  
among other things.  
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Recommendations  –  Wildland Fire  

It  is  recommended that the City of Dallas continue to work closely  with surrounding 
agencies in regards to  wildf ire prevention and management.  It  is  encouraged that 
the city work with local Texas Forest Service Regional F ire Coordinators and also 
Urban Wildland Interface (UWI) Coordinators to investigate the need for a 
Community Wildfire Protection Plan and explore  wildland incident  training 
opportunit ies for DFR personnel.   In  regards to the forest itse lf ,  areas  should be 
ident if ied by the forester as permanent protection breaks;  such as  the Spine Trai ls,  
highway, rai l road, and uti l ity r ight of ways,  and also waterways.  An effort should be 
made to bring to the attention of local res idents the risk posed by wildf ire and why it  
is  important to create defensible space around valued structures.  

Discuss ion –  Prescr ibed Burning  

Prescribed burning is  a useful tool for managing natural resources.  It  lends itse lf  
well  to maintaining natural  communities and reducing the d iff iculty of controll ing 
wildf ires.   Within the GTF, though, prescr ibed burning should be applied with 
extreme caution due to the potential  r isks of f ire escapes and adverse affects from 
smoke.  Therefore ,  prescribed burning should be conducted only after thorough 
consideration and planning has been implemented.  Burns should be goal specif ic  and 
it  is  advised that  other methods of vegetat ion management ( i .e . ,  disc ing,  mowing,  or 
herbicide appl ication) be invest igated before deciding to proceed with a presc r ibed 
burn.  It  is  recommended that prescr ibed burns have the oversight of a Cert if ied Burn 
Boss and be conducted by specia l ly  trained and equipp ed personnel.    

Attached Information  

The attached information is  an overview of subjects related to the Urban W ildland 
Interface (UWI) and prescribed burning.  
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Living in the Urban Wildland
Interface

Over the past century, America’s population has nearly
tripled. Throughout the United States, much of the
country’s new growth encroaches on wildland areas, as
cities and suburbia expand into what was once considered
rural America.  This continued encroachment brings
people and structures into close proximity with large
amounts of vegetation.  The junction of homes with
undeveloped areas of grass, brush and trees is known as

the Urban Wildland Interface (UWI). Placement of structures within or adjacent to
flammable vegetation renders them extremely vulnerable to wildfire.  Should a wildland
fire occur in an interface area, homes and other structures could simply be additional
concentrated fuels for the wildfire to consume.

Seven different regions in Texas, each having some type of Urban Wildland Interface
issue, have been delineated. The largest concentrations of high-risk UWI areas can be
found in counties along the I-35 corridor from Dallas to San Antonio and along the I-10
corridor from San Antonio to Houston.

The wildfire disaster cycle begins when homes are built within urban/wildland interface
areas.  All too often, wildland fires have occurred before and will occur again in these
areas.  When wildfires do occur, they advance through all available fuels, which may
well include homes and other structures. Even when homes are lost, though, many
homeowners simply opt to build even larger homes in the same spot, because of the
availability of low cost emergency/disaster loans.  When homeowners rebuild homes
without incorporation of wildfire mitigation measures, however, they unwittingly recreate
the same conditions that led to the initial losses.

Wildland fires have destroyed more than 10,000
homes and 20,000 other structures and facilities since
1970. These wildfires cost government agencies some
$20 billion in suppress costs and the insurance
industry another $6 billion in restitution.  More than
620 wildland firefighters have died in the line of duty
since 1910.

UWI and fire personnel are working to make individuals and communities aware of the
dangers associated with wildland fires so that the wildland fire disaster cycle can be
stopped.  Mitigation efforts by individual property owners represent great starts, but
community-wide implementation of wildland fire safety measures remains the ultimate
goal.  Increased awareness and use of firewise practices will help save lives and property.
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The Texas Forest Service (TFS), along with numerous other partners, has taken an active
role in wildfire prevention and suppression.  Agency employees are currently working
with and continuing to identify communities that are at high risk for losses from wildfire.
Through property owner and stakeholder meetings, the Texas Forest Service helps people
become aware of wildland fire dangers and promotes the use of defensible (or survivable)
space around homes.  Meetings typically address hints to protect structures; firewise
landscaping; the use of firewise building materials; property access by firefighting
personnel and equipment; community involvement; and life safety measures.  Find out
more about Urban Wildland Interface issues and related topics at your local Texas Forest
Service office or at the following Internet web links:

http://txforestservice.tamu.edu/
http://www.firewise.org/
http://www.ticc.fws.gov/

http://www.nfpa.org/
http://www.nwcg.gov/

http://www.usfa.fema.gov
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A Handbook for Wildland–Urban Interface Communities

Sponsored By:
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Introduction

The idea for community-based forest planning and prioritization is neither novel nor
new. However, the incentive for communities to engage in comprehensive forest
planning and prioritization was given new and unprecedented impetus with the 
enactment of the Healthy Forests Restoration Act (HFRA) in 2003. 

This landmark legislation includes the first meaningful statutory incentives for
the US Forest Service (USFS) and the Bureau of Land Management (BLM) to give
consideration to the priorities of local communities as they develop and implement
forest management and hazardous fuel reduction projects. 

In order for a community to take full advantage of this new opportunity, it must
first prepare a Community Wildfire Protection Plan (CWPP).  Local wildfire 
protection plans can take a variety of forms, based on the needs of the people involved
in their development. Community Wildfire Protection Plans may address issues such
as wildfire response, hazard mitigation, community preparedness, or structure 
protection—or all of the above. 

The process of developing a CWPP can help a community clarify and refine its
priorities for the protection of life, property, and critical infrastructure in the 
wildland–urban interface. It also can lead community members through valuable 
discussions regarding management options and implications for the surrounding 
watershed.

The language in the HFRA provides maximum flexibility for communities to 
determine the substance and detail of their plans and the procedures they use to 
develop them. Because the legislation is general in nature, some communities may
benefit from assistance on how to prepare such a plan. 

This Handbook is intended to provide communities with a concise, step-by-step
guide to use in developing a CWPP.  It addresses, in a straightforward manner, issues
such as who to involve in developing a plan, how to convene other interested parties,
what elements to consider in assessing community risks and priorities, and how to
develop a mitigation or protection plan to address those risks. 

This guide is not a legal document, although the recommendations contained
here carefully conform to both the spirit and the letter of the HFRA. The outline 
provided offers one of several possible approaches to planning. We hope it will prove
useful in helping at-risk communities establish recommendations and priorities that
protect their citizens, homes, and essential infrastructure and resources from the 
destruction of catastrophic wildfire.

Cover images

Photo: David McNew/Getty Images Photo: Justin Sullivan/Getty Images

Photo: CA Dept. of Forestry and Fire Protection
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Discussion

Communities and the Wildland–Urban Interface
The wildland–urban interface (WUI) is commonly described as the zone where 
structures and other human development meet and intermingle with undeveloped
wildland or vegetative fuels. This WUI zone poses tremendous risks to life, property,
and infrastructure in associated communities and is one of the most dangerous and
complicated situations firefighters face.

Both the National Fire Plan and the Ten-Year Comprehensive Strategy for 
Reducing Wildland Fire Risks to Communities and the Environment place a prior-
ity on working collaboratively within communities in the WUI to reduce their risk
from large-scale wildfire.

The HFRA builds on existing efforts to restore healthy forest conditions 
near communities and essential community infrastructure by authorizing expedited
environmental assessment, administrative appeals, and legal review for hazardous
fuels projects on federal land.

The Act emphasizes the need for federal agencies to work collaboratively with
communities in developing hazardous fuel reduction projects, and it places priority
on treatment areas identified by communities themselves in a CWPP.

Role of Community Wildfire Protection Plans
The HFRA provides communities with a tremendous opportunity to influence where
and how federal agencies implement fuel reduction projects on federal lands and how
additional federal funds may be distributed for projects on nonfederal lands. A
CWPP is the most effective way to take advantage of this opportunity. 

Local wildfire protection plans can take a variety of forms, based on the needs 
of those involved in their development. They can be as simple or complex as a 
community desires.

The minimum requirements for a CWPP as described in the HFRA are: 
(1) Collaboration: A CWPP must be collaboratively developed by local and

state government representatives, in consultation with federal agencies and
other interested parties.

(2) Prioritized Fuel Reduction: A CWPP must identify and prioritize areas
for hazardous fuel reduction treatments and recommend the types and
methods of treatment that will protect one or more at-risk communities
and essential infrastructure.

(3) Treatment of Structural Ignitability: A CWPP must recommend meas-
ures that homeowners and communities can take to reduce the ignitability
of structures throughout the area addressed by the plan.

The HFRA requires that three entities must mutually agree to the final contents of a
CWPP:

• The applicable local government (i.e., counties or cities);
• The local fire department(s); and
• The state entity responsible for forest management.

In addition, these entities are directed to consult with and involve local 
representatives of the USFS and BLM and other interested parties or persons in the
development of the plan. The process is intended to be open and collaborative, as 

Photo: State and Private Forestry, Cooperative 
Programs Pacific Northwest Region
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described in the Ten-Year Strategy, involving local and state officials, federal land
managers, and the broad range of interested stakeholders.

If a community already has a plan that meets these requirements, the community
need not develop an additional plan for the purposes of the HFRA.

Benefits to Communities
In the context of the HFRA, a CWPP offers a variety of benefits to communities at
risk from wildland fire. Among those benefits is the opportunity to establish a local-
ized definition and boundary for the wildland–urban interface.

In the absence of a CWPP, the HFRA limits the WUI to within 1/2 mile of a
community’s boundary or within 11/2 miles when mitigating circumstances exist, such
as sustained steep slopes or geographic features aiding in creating a fire break.  Fuels
treatments can occur along evacuation routes regardless of their distance from the
community. At least 50 percent of all funds appropriated for projects under the
HFRA must be used within the WUI as defined by either a CWPP or by the limited
definition provided in the HFRA when no CWPP exists.1

In addition to giving communities the flexibility to define their own WUI, the
HFRA also gives priority to projects and treatment areas identified in a CWPP by di-
recting federal agencies to give specific consideration to fuel reduction projects that
implement those plans. If a federal agency proposes a fuel treatment project in an area
addressed by a community plan but identifies a different treatment method, the
agency must also evaluate the community’s recommendation as part of the project’s
environmental assessment process.

Preparing a Community Wildfire Protection Plan
➣ These step-by-step recommendations are intended to help communities 

develop a wildfire protection plan that addresses the core elements of com-
munity protection. Items required under the HFRA are addressed, as are
some additional issues that often are incorporated into wildfire protection
planning. Actions beyond those listed in the legislation are not required for
the purposes of the HFRA.

➣ Community fire planning need not be a complex process. A community can
use this outline to develop a fire plan that is as extensive or as basic as is 
appropriate and desired by the community.

➣ A key element in community fire planning should be the meaningful dis-
cussion it promotes among community members regarding their priorities
for local fire protection and forest management. This handbook should help
to facilitate these local discussions.

1 In the absence of a CWPP, Sec-
tion 101 (16) of the HFRA defines
the wildland–urban interface as “
(i) an area extending 1/2 mile from
the boundary of an at-risk com-
munity; (ii) an area within 11/2

miles of the boundary of an at-
risk community, including any land
that (I) has a sustained steep
slope that creates the potential
for wildfire behavior endangering
the at-risk community; (II) has a
geographic feature that aids in
creating an effective fire break,
such as a road or ridge top; or (III)
is in condition class 3, as docu-
mented by the Secretary in the
project-specific environmental
analysis; (iii) an area that is adja-
cent to an evacuation route for an
at-risk community that the Secre-
tary determines, in cooperation
with the at-risk community, re-
quires hazardous fuels reduction
to provide safer evacuation form
the at-risk community.”

4
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✔  STEP ONE: Convene Decisionmakers
The initial step in developing a CWPP should be formation of an operating group
with representation from local government, local fire authorities, and the state agency
responsible for forest management.

Together, these three entities form the core decision-making team responsible for
the development of a CWPP as described in the HFRA. The core team members
must mutually agree on the plan’s final contents.

In communities where several local governments and fire departments are within
the planning area, each level of government/authority may need to convene ahead of
time and identify a single representative to participate, on its behalf, as a core team
member.

✔  STEP TWO: Involve Federal Agencies2

Once convened, members of the core team should engage local representatives of the
USFS and BLM to begin sharing perspectives, priorities, and other information 
relevant to the planning process.3

Because of their on-the-ground experience, mapping capabilities, and knowledge
of natural resource planning, these local land management professionals will be key
partners for the core team. In some landscapes, they will also be largely responsible
for implementing the priorities established in the resulting CWPP.

✔  STEP THREE: Engage Interested Parties
The success of a CWPP also hinges on the ability of the core team to effectively 
involve a broad range of local stakeholders, particularly when the landscape includes
active and organized neighborhood associations, community forestry organizations
that work in forest management, and other stakeholder groups that display a 
commitment to fire protection and fuels management.

Substantive input from a diversity of interests will ensure that the final document
reflects the highest priorities of the community. It will also help to facilitate timely
implementation of recommended projects. In some circumstances, the core team
may wish to invite local community leaders or stakeholder representatives to work
along with them in final decisionmaking.

As early as possible, core team members should contact and seek active involve-
ment from key stakeholders and constituencies such as:

• Existing collaborative forest management groups
• City Council members
• Resource Advisory Committees
• Homeowners Associations—particularly those 

representing subdivisions in the WUI
• Division of Wildlife/Fish and Game—to identify 

locally significant habitats
• Department of Transportation—to identify key escape corridors
• Local and/or state emergency management agencies
• Water districts—to identify key water infrastructure 
• Utilities
• Recreation organizations
• Environmental organizations
• Forest products interests
• Local Chambers of Commerce
• Watershed councils

This list provides a starting point and is by no means exhaustive.

2 Sec. 103 (b)(2) of the Act
states that “the Federal Advisory
Committee Act (5 U.S.C. App.)
shall not apply to the planning
process and recommendations
concerning community wildfire
protection plans.” 

3 A CWPP is legally applicable to
federal lands only if they are man-
aged by the USFS or the  BLM.
Nothing in the Act requires a
community to exclude other fed-
eral agencies—such as the Fish
and Wildlife Service or the Na-
tional Park Service—from plan-
ning efforts, but those agencies
are not bound by the provisions
of the HFRA.

5
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In addition to directly contacting key individuals and organizations, core team
members may want to consider using a public notice or public meeting process to 
acquire additional, more generalized input as the plan is developed.

✔  STEP FOUR: Establish a Community Base Map
Using available technology and local expertise, the core team and key partners should
develop a base map of the community and adjacent landscapes of interest. This map
will provide a visual information baseline from which community members can as-
sess and make recommendations regarding protection and risk-reduction priorities.

To the extent practicable, the map should identify:
• Inhabited areas at potential risk to wildland fire;
• Areas containing critical human infrastructure—such as escape routes, 

municipal water supply structures, and major power or communication
lines—that are at risk from fire disturbance events; and

• A preliminary designation of the community’s WUI zone.

✔  STEP FIVE:  Develop a Community Risk Assessment
The development of a community risk assessment will help the core team and com-
munity members more effectively prioritize areas for treatment and identify the
highest priority uses for available financial and human resources.

A meaningful community assessment can be developed by considering the risk
factors identified below. Choose an appropriate adjective rating (such as high,
medium, and low) that best represents the risk to the community posed by each 
factor. Display the results on the base map to develop a useful tool for the final 
decision-making process.

State and federal land managers will be a valuable resource in helping communi-
ties locate the best available data and in producing quality maps that display and aid
assessment of that data. Engaging key stakeholders in the rating process will be 
essential to a successful outcome.

A. Fuel Hazards
To the extent practicable, evaluate the vegetative fuels on federal and nonfederal
land within or near the community. Identify specific areas where the condition
of vegetative fuels is such that, if ignited, they would pose a significant threat to
the community or essential community infrastructure. Consider how the local
topography (such as slope, aspect, and elevation) may affect potential fire 
behavior. 

Identify areas affected by windthrow, ice storms, or insect and disease 
epidemics where fuels treatment would reduce wildfire risks to communities
and/or their essential infrastructure.

State and federal resource planning documents can be a valuable source of
information on local forest and rangeland conditions.

Rate each area of identified hazardous fuels and show each on the base map
as a high, medium, or low threat to the community. 

Photo: New Mexico State Forestry
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B. Risk of Wildfire Occurrence
Using historical data and local knowledge, determine the common causes and
relative frequency of wildfires in the vicinity of the community. Consider the
range of factors, including critical weather patterns, that may contribute to the
probability of fire ignitions and/or extreme fire behavior.

Use relative ratings such as high, medium, and low to show areas of con-
cern for fire starts on the base map.

C. Homes, Businesses, and Essential Infrastructure at Risk
Assess the vulnerability of structures within the community to ignition from
firebrands, radiation, and convection. Document areas of concern.

Identify specific human improvements within or adjacent to the commu-
nity, such as homes, businesses, and essential infrastructure (e.g., escape routes,
municipal water supply structures, and major power and communication lines)
that would be adversely impacted by wildfire.

Categorize all identified areas needing protection using ratings of high,
medium, or low, and show them on the base map. 

D. Other Community Values at Risk
At the community’s option, the risk assessment may also  consider other areas
of community importance, such as critical wildlife habitat; significant 
recreation and scenic areas; and landscapes of historical, economic, or cultural
value that would benefit from treatment to reduce wildfire risks. Additional rec-
ommendations from local stakeholders should be incorporated as appropriate.

Categorize all identified areas that warrant protection using the ratings of
high, medium, or low, and show them on the base map. 

E. Local Preparedness and Firefighting Capability
Assess the level of the community’s emergency preparedness, including evacua-
tion planning, safety zones, and fire assistance agreements, as well as the re-
sponse capability of community and cooperator fire protection forces. Consider
the insurance industry ISO rating, if available and applicable. Use the knowl-
edge and experience of local officials to identify areas in need of improvement.

Incorporate local preparedness information into the base map as appropriate.

✔  STEP SIX:  Establish Community Hazard Reduction Priorities and 
Recommendations to Reduce Structural Ignitability

Once the community assessment and base map are completed, the core team should
convene all interested parties to discuss the results and their implications for local
protection and hazard mitigation needs. A key objective of these discussions is to 
develop the community’s prioritized recommendations for fuel treatment projects 
on federal and nonfederal lands in the WUI, along with the preferred treatment
methods for those projects.

Recommendations should also be developed regarding actions that individuals
and the community can take to reduce the ignitability of homes and other structures
in the community’s WUI zone.

While local interests are gathered, communities may also want to take this 
opportunity to identify and develop strategies to improve their emergency prepared-
ness and fire response capability.

The discussion and identification of community priorities should be as open and
collaborative as possible. Diverse community involvement at this stage is critical to
the ultimate success of the CWPP.

7
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Recommendations included in the final CWPP should clearly indicate whether
priority projects primarily serve to protect the community and its essential infra-
structure or are geared toward reducing risks to the other community values. Under
the provisions of the HFRA, only projects that primarily serve to protect communi-
ties and essential infrastructure are eligible for the minimum 50 percent WUI fund-
ing specified in the legislation.

✔  STEP SEVEN: Develop an Action Plan and Assessment Strategy
Before finalizing the CWPP, core team members and key community partners should
consider developing an action plan that identifies roles and responsibilities, funding
needs, and timetables for carrying out the highest priority projects.

Additional consideration should be given to establishing an assessment strategy
for the CWPP to ensure that the document maintains its relevance and effectiveness
over the long term.4

✔  STEP EIGHT : Finalize the Community Wildfire Protection Plan5

The final step in developing a CWPP is for the core team to reconvene and mutually
agree on the fuels treatment priorities, preferred methods for fuels treatment projects,
the location of the wildland-urban interface, structural ignitability recommendations,
and other information and actions to be contained in the final document.

If an associated action plan has not been developed, the core team should iden-
tify a strategy for communicating the results of the planning process to community
members and key land management partners in a timely manner.

5 Some states have statutes
that may require an environmen-
tal analysis for plans adopted by
local or state agencies. In such
states, core team members
should determine whether formal
environmental analysis is re-
quired before finalizing their
plans.

4 Community planning partici-
pants may also want to partici-
pate in multiparty monitoring of
USFS and BLM projects devel-
oped under the HFRA as provided
for in Sec.102 (g)(5) of the legis-
lation: “In an area where signifi-
cant interest is expressed in mul-
tiparty monitoring, the Secretary
shall establish a multiparty mon-
itoring, evaluation, and accounta-
bility process in order to assess
the positive or negative ecologi-
cal and social effects of author-
ized hazardous fuels reductions
projects.”

8
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Summary and Checklist

✔  Step One: Convene Decisionmakers
• Form a core team made up of representatives from the appropriate local 

governments, local fire authority, and state agency responsible for forest 
management.

✔  Step Two: Involve Federal Agencies
• Identify and engage local representatives of the USFS and BLM.
• Contact and involve other land management agencies as appropriate.

✔  Step Three: Engage Interested Parties
• Contact and encourage active involvement in plan development from a

broad range of interested organizations and stakeholders.

✔  Step Four : Establish a Community Base Map
• Work with partners to establish a baseline map of the community that 

defines the community’s WUI and displays inhabited areas at risk,
forested areas that contain critical human infrastructure, and forest areas
at risk for large-scale fire disturbance.

✔  Step F ive: Develop a Community Risk Assessment
• Work with partners to develop a community risk assessment that consid-

ers fuel hazards; risk of wildfire occurrence; homes, businesses, and es-
sential infrastructure at risk; other community values at risk; and local
preparedness capability.

• Rate the level of risk for each factor and incorporate into the base map as 
appropriate.

✔  Step Six : Establish Community Priorities and Recommendations
• Use the base map and community risk assessment to facilitate a collabo-

rative community discussion that leads to the identification of local 
priorities for fuel treatment, reducing structural ignitability, and other 
issues of interest, such as improving fire response capability.

• Clearly indicate whether priority projects are directly related to 
protection of communities and essential infrastructure or to reducing
wildfire risks to other community values.

✔  Step Seven: Develop an Action Plan and Assessment Strategy
• Consider developing a detailed implementation strategy to accompany

the CWPP, as well as a monitoring plan that will ensure its long-term
success.

✔  Step Eight : Finalize Community Wildfire Protection Plan
• Finalize the CWPP and communicate the results to community and key

partners.

9
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Sponsor Organizations

Communities Committee of the Seventh American Forest Congress 
www.communitiescommittee.org
919 Elk Park Rd.
Columbia Falls, MT 59912
Phone: (406) 892-8155
Fax: (406) 892-8161

National Association of Counties 
www.naco.org
440 First Street, NW 
Washington, DC 20001
Phone: (202) 393-6226
Fax: (202) 393-2630

National Association of State Foresters 
www.stateforesters.org
444 N. Capitol St., NW Suite 540
Washington, DC 20001
Phone: (202) 624-5415
Fax: (202) 624-5407

Society of American Foresters 
www.safnet.org
5400 Grosvenor Lane
Bethesda, MD 20814-2198
Phone: (301) 897-8720 
Fax: (301) 897-3690

Western Governors’ Association
www.westgov.org
1515 Cleveland Place
Suite 200
Denver, CO 80202-5114 
Phone: (303) 623-9378
Fax: (303) 534-7309 

10
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Additional Resources on the Web: 

• Federal Agency Implementation Guidance for the Healthy Forest Initiative 
and the Healthy Forest Restoration Act: www.fs.fed.us/projects/hfi/field-guide/

• Field Guidance for Identifying and Prioritizing Communities at Risk: www.stateforesters.org/
reports/COMMUNITIESATRISKFG.pdf

• The National Fire Plan: www.fireplan.gov

• Fire Safe Councils: www.firesafecouncil.org

• Western Governors Association: www.westgov.org

• Collaboration:
www.redlodgeclearinghouse.org
www.snre.umich.edu/emi/lessons/index.htm

Examples of Community Fire Plans 
(Note: these plans may not meet the requirements of HFRA, because they were created prior 
to its enactment)

Josephine County, Oregon: www.co.josephine.or.us/wildfire/index.htm

Applegate Fire Plan: www.grayback.com/applegate-valley/fireplan/index.asp

Colorado Springs, CO: csfd.springsgov.com/wildfiremitigation.pdf 

Jefferson County, Colorado: www.co.jefferson.co.us/ext/dpt/admin_svcs/emergmgmt/index.htm

Lower Mattole Fire Plan: www.mattole.org/html/publications_publication_2.html 

Trinity County Fire Management Plan: users.snowcrest.net/tcrcd/

For an electronic version of this Handbook and the latest information visit: 
www.safnet.org/policyandpress/cwpp.cfm

11
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Communities 
Committee

Want to help protect 
your community from 

wildfire risk?
Check out this NEW Handbook 

for preparing community wildfire protection plans!

5400 Grosvenor Lane
Bethesda, Maryland 20814-2198
www.safnet.org
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A collaborative approach to help protect life, property and 

natural resources through community-based planning 
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Overview 
 
Wildfires are nothing new to the state of Texas.  They are a part of our natural history 
and have shaped many of our native Texas ecosystems.  What is new is the 
unprecedented growth and development that is occurring in locations across the state 
that were once rural.  It is in this area where development meets native vegetation that 
the greatest risk to public safety and property from wildfire exists.  

  
The Urban Wildland Interface (UWI) is most 
commonly described as a zone where human 
developments and improvements meet and intermix 
with wildland fuels.  The intermingling of homes and 
wildland fuels is a volatile mix that under the right 
conditions can have catastrophic results. 
 
 

 
The good news is many of the risks associated with living in wildland areas can be 
mitigated.  The solutions to these problems should originate from the communities at 
risk, not just state and federal agencies.  Texas is unique in that ninety-seven percent of 
land is privately owned, and most Texans would not have it any other way.  Along with 
ownership comes the shared responsibility of all members of the community to take 
steps to reduce the risks associated with wildfires.  One of the best strategies for 
reducing that risk is the development of a Community Wildfire Protection Plan 
(CWPP).  

 
This guide and associated CWPP template are intended 
to give communities a framework for developing a 
Community Wildfire Protection Plan that complies with the 
Healthy Forest Restoration Act (HFRA).  This template 
is just one example of the many approaches that 
communities can take when developing a CWPP.  There 
are several guides and templates listed in the appendix 
section of this document.   
 

The most important factor to take into consideration is that the CWPP is developed in a 
collaborative context. 
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What is a Community Wildfire Protection Plan? 
 
 A CWPP is a written document, mutually agreed upon by local, state and federal 

representatives and stakeholders that identifies how a community will reduce its 
risks from wildland fire.  

 Community Wildfire Protection Plans are authorized and defined in Title I of the 
Healthy Forest Restoration Act (HFRA), which was passed by Congress on 
November 21, 2003, and signed into law on December 3, 2003.  

 The HFRA established unprecedented incentives for communities to take the lead 
role in community wildfire protection planning.  

 
Why have a CWPP? 
 
 The HFRA gives communities the opportunity to define their respective Urban 

Wildland Interface boundaries. Fifty percent of federal funds for fuels reduction must 
be spent in these areas. 

 A CWPP gives communities an opportunity to influence the treatments used to 
reduce wildland fuels and restore ecosystem health. 

 Communities that develop a CWPP are given priority when funding opportunities for 
fuels reduction on private and public lands are available. 

 A CWPP determines strategies for reducing the risk wildfires pose to communities, 
critical watersheds and natural resources. 

 
When should a CWPP be developed? 
 
If the answer is yes to any of the following questions, then the county and/or community 
should consider developing a CWPP. 
 
 Is the county/community in proximity to wildland fuels? 
 Is the county/community listed as an “at-risk” community in the Federal Register or 

State Risk Assessment? 
 Is the county/community in or adjacent to federal lands? 

 
What are the minimum requirements for a CWPP? 
 
 Prioritized Fuels Reduction - Identify and prioritize wildland areas for hazardous 

fuels reduction treatments, as well as recommending methods for achieving 
hazardous fuels reductions on both private and public lands.  

 Treatment of Structural Ignitability – The CWPP must recommend measures for 
reducing structural ignitability throughout the at-risk community. 

 Collaboration - The most important aspect of developing a CWPP is that the 
process used in achieving the first two objectives is a collaborative effort. 
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Who needs to be part of the planning process? 
 
 Community wildfire protection planning should be spearheaded by local interests 

with support from state and federal agencies and non-governmental stakeholders. 
 The HFRA requires that the local government, local fire authority and a state forestry 

representative mutually agree to the contents and actions recommended in the 
CWPP.  

 Federal land managers should be included in the development process whenever 
planning areas are adjacent to federal lands. Their technical expertise can be 
extremely valuable to the CWPP development process.  

 
 
From where do the guidelines for developing a CWPP come? 
 

 Healthy Forest Restoration Act of 2003 (P.L. 108-148) 
 Preparing a Community Wildfire Protection Plan: A Handbook for Wildland-Urban 

Interface Communities (Communities Committee, Society of American Foresters, 
National Association of Counties, National Association of State Foresters 2004) 
(Foresters’ Handbook) 

 The Healthy Forests Initiative and Healthy Forests Restoration Act Interim Field 
Guide (USDA Forest Service and Bureau of Land Management 2004) (Field 
Guide) 

 Healthy Forests Initiative, 2002 
 
 
 
 
1 Excerpt from Healthy Forests Restoration Act – HR 1904. The term ‘community 
wildfire protection plan means a plan for an at-risk community that 
 
1. Is developed within the context of the collaborative agreements and the guidance 

established by the Wildland Fire Leadership Council and agreed to by the 
applicable local government, local fire department, and State Agency responsible 
for forest management, in consultation with interested parties and the Federal 
land management agencies managing land in the vicinity of the at-risk 
community. 

 
2. Identifies and prioritizes areas for hazardous fuel reduction treatments and 

recommends the types and methods of treatment on Federal and non-Federal 
land that will protect one or more at-risk communities and essential infrastructure. 

 
3. Recommends measures to reduce structural ignitability throughout the at-risk 

community. 
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How to use the CWPP Template_________________________ 
 
The template that accompanies this guidance document is intended to provide a 
process in which a CWPP can be developed that meets all of the requirements of Title I 
of the Healthy Forest Restoration act of 2003. It is organized into sections that break 
down the development of a CWPP step by step. The main categories are discussed 
individually, and instructions are provided in the template portion of the guide. There is 
no requirement to fill out all the boxes of the template.  Keep in mind that the community 
wildfire protection planning and development process does not have to be overly 
complex. As long as it addresses the requirements outline in the following excerpt then 
your plan will be a success.   
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Section Overview 
 
Section 1.0- Introduction 

• Outlines who the core decision-making team will be for the plan and addresses 
the overall objective the plan will accomplish. 

Section 2.0- Community Profile 
• Provides a physical description of the community and its current wildfire 

response capabilities. 

Section 3.0- Community Risk Assessment 
• This section includes various components to consider when determining the risk 

wildfire poses to a community’s assets.  This portion of the plan helps establish 
an objective wildfire hazard rating for the communities in the planning area.  A 
link to the community risk assessment rating form is included in the appendix 
section of this guide. 

Section 4.0- Community Prescription/Mitigation Plan 
• The community prescription and mitigation portion of this plan includes the 

specific goals of the plan, strategies for achieving those goals and individuals 
that can assist in attaining project objectives. 

Section 5.0- Implementation Time Table/Monitoring 
• This portion of the template assists communities with tracking and monitoring 

progress and accomplishments.  
 
Section 6.0 - Declaration of Agreement and Concurrence 
 

• This signature sheet indicates that the members of the planning team agree with 
the plan’s contents and are prepared to move forward with implementing the 
plan. 
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1.0 Introduction 
 
 
Give a brief overview of what the community would like to accomplish in the 
process of developing and implementing a Community Wildfire Protection Plan. 
 
 
 

1.1 Collaboration 
 
 
It is a good Idea to indicate in the beginning of the document that the intent of the 
planning team is to be open and collaborative in its effort to improve the safety of 
the community and its resources. Below is an example of an opening statement 
that shows collaboration is a driving force behind the plans development. 
 
 
 
This Community Wildfire Protection Plan is a collaborative effort between the 
following entities.  The representatives listed below comprise the core decision-
making team responsible for this report and mutually agree on the plan’s 
contents. 

 
Community Representative(s):  
This would most likely be someone from local government, Emergency 
Management Coordinator, elected official or concerned citizen 

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
Name  

Address  
Telephone Number(s)  

Other Contact 
Information 
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Local Fire Department Representatives:  
(Local Fire Chief, member of FD, or the Fire Marshal) 

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
Name  

Address  
Telephone Number(s)  

Other Contact 
Information 

 
 

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
 
Texas Forest Service UWI Representatives:  

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
Name  

Address  
Telephone Number(s)  

Other Contact 
Information 
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Federal Agency Representative:  
(United States Forest Service Fire Management Officer, District Ranger or 
designee; United States Fish and Wildlife Service; National Parks Service; 
Board of Indian Affairs; Department of Energy; or Department of Defense.) 

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
Name  

Address  
Telephone Number(s)  

Other Contact 
Information 

 
 
 

1.2 Statement of Intent 
 

 
This is the overall intent of the plan. 
Example: 
The purpose of this plan is to position fire protection agencies, 
county/community leaders and natural resource professionals to be better 
prepared to protect the community’s residents and natural resources from the 
negative impacts of wildfire.  
 

 
 

1.3 Historical Fire Occurrence 
 
 
This section can be emphasized with maps of historical fire occurrences, fire 
managers can provide you with this info. 
Example: 
The county has experienced several large wildfires over the last decade. These 
fires have threatened or damaged homes and valuable natural resources.   
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1.4 Existing Situation/Current Risks 
 
 
Discuss how current conditions such as drought, mortality to trees and 
vegetation due to insect infestation or overcrowding have resulted in an 
increased risk to the community from wildfire.  
 
Example: 
Many individual homes and subdivisions have been built in areas that are prone 
to experiencing wildfires. Some developments lack fire hydrants or waters 
sources for fire service to utilize. In addition, the county is currently 
experiencing a long term drought that has increased the probability of extreme 
fire behavior.  
 

 
 

1.5 Goals and Objectives 
 
 
This section covers specific goals that you plan to accomplish. 
 
Example: 
Improve fire suppression and prevention capabilities 
Determine appropriate hazardous fuels reduction projects 
Restore ecosystem health 
Promote measures to reduce structural ignition potential 
Encourage economic development in the community through utilization   
 

 
 

1.6 Planning Process 
 
 
It is important to the success of the plan that the processes for developing the 
plan are considered beforehand. 
For an example of a checklist see the CWPP Summary and checklist located in 
the appendices  
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2.0 Community Profile 
 
 

This section can be a combination of a written description supported by maps 
which highlight areas that need attention in community wildfire planning and 
mitigation. A community is defined in the HFRA as a group of homes that share 
basic infrastructure. 
 
 
 

2.1 Community Location 
 
 

County Plans can be completed at the watershed, county or 
community level. 

Latitude/Longitude This section is for individual communities; plans at county 
level can list the communities at risk within the county. 

Plan Area and  
Unit Boundaries 

This section is very important.  It allows for delineation of 
where the UWI exists in your community.  If this step is 
skipped, a default boundary will be assigned. 

Frontage and/or 
Perimeter Road(s) 

This section gives an opportunity to reference the location 
if the area is not an incorporated community. 
Example: 
The community is located in Lonestar county at the 
intersection of hwy 220 and FM 1398 .  

Additional 
Landmarks 

 
 
 

2.2 Community Size 
 
 
 This information can be obtained through the local county tax assessors. 

Acreage Smaller communities can use acreage to determine size 
of communities. 

Square Miles Counties would most likely use square miles as a 
reference to size. 

Number of Lots TOTAL  Developed  Undeveloped  
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2.3 Structures 
 
 
 Depending on the size of the planning area, an estimated number will 
suffice. 

Type Number or Percentage 
Homes Estimated number of site built homes. 

Mobile Homes Estimated number of manufactured homes. 
Outbuildings This field would be storage buildings, shops, barns and 

structures of that nature.  
Commercial Buildings Estimated number and potential types of commercial 

buildings. 
Other Structures  

 
 

2.4 Population 
 

Total Population:  _   
Full Time Residents:  % 
Part Time Residents:  % 

 

2.5 Community Legal Structure 
 
 
 In this section list the government bodies within the planning area and a  
          point of contact i.e. county, cities, towns and homeowners associations. 
Organization Contact, Title Phone 

Numbers 
Email Address 
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2.6 Utilities 
 
 
Describe and discuss the various utilities in the area. I.e., are the power lines 
above ground or below ground?  Are there any drilling rigs, gas pipelines or 
storage facilities in the area?  Size and condition of water mains?  Location and 
type of hydrants? 
 
 
 

2.7 Emergency Response Capabilities 
 
 List the local, state and federal fire resources, their respective response 

times and what their capabilities are.   
Local Department Name 

Address 
Contact Name 
Title 
Email  

Phone Numbers 

    
Resources Response 

Time 
 

Engines 
Type / ID / 
Capacity 

Dozers & Tractor 
Plows 
Type / ID / 

Misc.  
(Tankers/Tenders, 
etc.) / Capacity 

Aviation 
Type / ID / 
Capacity 

    
    
    

 
 
State 
 

Department Name 
Address 

Contact Name 
Title 
Email  

Phone Numbers 

    
Resources Response 

Time 
 

Engines 
Type / ID / 
Capacity 

Dozers & Tractor 
Plows 
Type / ID / 

Misc.  
(Tankers/Tenders, 
etc.) / Capacity 

Aviation 
Type / ID / 
Capacity 
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Federal 
 

Department Name 
Address 

Contact Name 
Title 
Email  

Phone Numbers 

    
Resources Response 

Time 
 

Engines 
Type / ID / 
Capacity 

Dozers & Tractor 
Plows 
Type / ID / 

Misc.  
(Tankers/Tenders, 
etc.) / Capacity 

Aviation 
Type / ID / 
Capacity 

    
    
    

 
 

2.8 Schools 
 
 
Discuss local schools, their proximity to wildland fuels and potential mitigation 
needs.  Determine if sheltering potential exists and how these facilities will be 
affected in a wildfire.  It is often the case that the safest place to be during a 
wildfire event is inside a structure, therefore evacuation may not be the safest 
alternative.  
 
 
 

2.9 Emergency Medical Facilities 
 
 
Discussions of local medical facilities, proximity to wildland fuels, potential 
mitigation needs and activities.  Discuss any sheltering potential and how these 
facilities could be incorporated for educational outreach, etc. 
 

 
 

2.10 Regulative Issues 
 
 
Discuss local restrictions that need consideration when addressing fuels 
reduction projects and measures to reduce structural ignitability. 
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3.0 Community Risk Assessment 
 
 
It is very important to establish what the risk level is for communities within the 
planning area.  This allows efforts to be focused on the areas most at risk from 
wildfire and prioritization of your mitigation actives.  
 
 
 

3.1 Access 
 
 
Discuss the ability of fire services to respond to the community and the ability 
of residents to leave the community if evacuation is necessary.  The county or 
city Emergency Management Coordinator will have an evacuation plan on file. 
Evaluate the load capacity of bridges, the width of community gates if present 
and the turnaround needs of emergency response vehicles.  Pay special 
attention to areas with only one way to exit the community.  Roads need to be 
wide enough for fire personnel to respond and residents to evacuate. 
 

 
 

3.2 Topography 
 
 
Topography increases the intensity of fire behavior and reduces a fire 
department’s ability to respond in some cases.  Focus special attention on 
areas with steep topography, especially if they border or are adjacent to escape 
routes. 
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3.3 Fuels 
 
 
In this section, evaluate the fire regime and condition class of vegetation in the 
planning area.  Fire regime is classified by the departure from historical fire 
occurrence.  Examine how often the area burned historically, what types of 
fuels are present now and how a fire would behave under current conditions. 
 

 
 

3.4 Construction 
 
 
What exterior construction materials are predominately used in the community? 
Are they flammable or fire resistant?  What percent of homes are vulnerable to 
ignition from firebrands or direct flame contact? 
 

 
 

3.5 Water Sources 
 
 
Identify existing water sources and potential water sources.  This can be 
accomplished through the use of GIS-based maps or aerial photography.  Texas 
Forest Service has completed profiles for East Texas counties that identify the 
locations of dry hydrants and drafting sources. Local fire departments will also 
be able to provide this information.  
 

 
 

3.6 Expected Fire Behavior 
 
 
Given the existing fuel, evaluate fire behavior in the planning area under both 
normal and extreme fire condition.  Compare how a fire would behave after 
fuels modifications. 
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3.7 Community Hazard Rating 
 

 
Low / Medium / High/Extreme  
Based on the assessment of risk, assign an overall hazard rating for the 
community.  Local fire services and Texas Forest Service will be able to 
assist you in determining the community risk rating.  A risk assessment form 
will be included in the appendices of this document. 

 
 

3.8 Assets at Risk 
 
 
This section includes community assets such as schools, hospitals, economic 
centers, recreation areas and watersheds, etc., which can all be threatened by a 
wildfire.  Compare the fuels reduction recommendations with habitat needs.  They 
may be compatible or need consideration.  With plants and animals, specify if 
they are listed on the Threatened & Endangered Species register and what is their 
status.  Consider rating these assets with a priority of high, medium or low. 
 

3.8.1 Natural Resources 
Your local Texas Forest Service official, or local natural resource management 
agency representative, i.e. USDA Agriculture Extension Agent, Unite States Fish 
and Wildlife Service representative, Texas Parks and Wildlife Department 
representative, etc., can assist you with this section.  When threatened and or 
endangered species are present within a fuels treatment area, consult with 
USFWS. 

 
PLANT Name (Common/Scientific) T & E 

Status 
Priority 

   
   
   
   
Discussion: 
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ANIMAL Name (Common/Scientific) T & E 
Status 

Priority

   
   
   
   
Discussion: 
 
 

 
 

Watershed/Wetland Considerations Priority 
  
  
  
  
Discussion: 
 
 

 
 
3.8.2 Commercial & Industrial Resources  
 List and discuss any industrial sites that are essential to the 

community or that could pose a risk if threatened or damaged by 
wildfire. 

Resource Priority 
Example  
Oil refineries  
Chemical plants  
Discussion: 
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3.8.3 Community Values & Cultural Assets  
 List and discuss any community values and cultural assets i.e., 

historical sites, local parks, etc. that need consideration when 
implementing mitigation or suppression activities.  

Resource Priority 
Example  
Historic buildings  
Historically significant or pre-Columbian sites  
Discussion: 
 
 

 
 
3.8.4 Estimated Values at Risk 
Provide an approximate value for residential and commercial properties in 
the planning area. 

Resource  Estimated value 
Commercial $ 
Residential $ 
Natural $ 
Discussion: 
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4.0 Community Prescription/Mitigation Plan 
 
 
In this portion of the plan a community has the opportunity to determine what 
mitigation activities are appropriate for that community.  This is an excellent point 
to conduct public meetings that provide an opportunity for feedback. 
 
 
 

4.1 Hazardous Fuels Reduction Projects 
 
 
List specific priorities for hazardous fuels reduction and forest restoration.  It 
would be beneficial to determine the types of fuels reduction treatments that 
are acceptable to the community before this stage of planning.  Public input is 
very important at this point in the CWPP process. 
Example: 
Implement hazardous fuels reduction to remove vegetation and small diameter 
trees on 280 acres of USFS lands adjacent to the community of Easter Cove. 
 

 
 

4.2 Treatment of Structural Ignitability 
 
 
This section must be addressed in order for a CWPP to comply with the HFRA. 
This can be achieved through advocating defensible space, retrofitting existing 
structures with nonflammable materials, and ensuring future developments are 
fire resistant. 
 

 
 

4.3 Public Outreach and Education 
 
 
Texas Forest Service and USFWS developed a program to provide local 
libraries with educational materials on wildfire prevention and mitigation.  
The USFS also has resources available for wildfire prevention and mitigation. 
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4.4 Emergency Facilities/Equipment 
Enhancement 

 
 
Discuss any improvements (past, current, future) to local wildfire and 
emergency response capabilities.  Texas Forest Service Regional Fire 
Coordinators can assist with improving the response capacity among local fire 
departments.  More information on the various assistance programs can be 
found at http://texasforestservice.tamu.edu/fire/vfd/Default.asp or 
http://www.tamu.edu/ticc/coordinators.htm.  
 
 

 
 

4.5 Emergency Response Plan/Evacuation Plan/ 
Wildfire Response Plan 

 
 

• Discuss any plans developed for emergency response, wildfire response 
and evacuations. Local Emergency Management Coordinators should 
have records of any plans developed for that area.   

• Check to see if the local fire department has a Wildfire Pre-Attack plan in 
place.  If not, work to develop one.  

• Look closely at communities with difficult access (1-way in/out, steep 
terrain, rough/narrow roads, etc.) and consider developing or improving 
evacuation plans for these communities. 

 
 
 

4.6 Evaluation of Restrictive Covenants and 
Ordinances 

 
 
Determine if community/neighborhood covenants or ordinances allow for 
adequate defensible space around homes and within common areas. 
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4.7 Enhancement of Utilities and Infrastructure 
 

  
Work with local community planners and utility companies to address any 
concerns with infrastructure. 
 

 
 

4.8 Evaluate, Update and Maintain Planning 
Commitments 

 
  
It is important to have a system for monitoring plan development.  Use the 
check list provided in this guide, or develop one that suits the community’s 
unique needs. 
 

 
 

4.9 Development and Review of Memorandums 
of Understanding 

 
 
In this section, determine what cooperative agreements exist between local, 
state and federal agencies with fire protection responsibilities.  Encourage the 
development and use of MOUs to build additional cooperative networks and 
relationships, if needed. 
 

 
 

4.10 Biomass/Utilization 
 

 
Look for opportunities to enhance local economies through the use of natural 
resources produced or harvested by mitigation and restoration activities. 
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5.0 Implementation Tables 
 
 
It is extremely important to determine who will be working on various portions of 
the CWPP.  Most individuals involved in the planning process will be assisting on 
top of their normal activities; having a monitoring system in place system will 
ensure the plan stays on track. 
 
 
 

5.1 Media Releases 
 
 
5.1 Media Releases 
Release 
Date 

Format Title Author Sent To: 
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5.2 Tracking of Progress/Fire Planning Checklist 
 

Se
ct

io
n  

Category 
 

Completed  
( √  ) 

 
Date 

1. Introduction   
1.1 Collaborative/Planning Committee Members   
1.2 Statement of Intent   
1.3 Background   
1.4 Existing Situation/Current Risks   
1.5 Goals and Objectives   
1.6 Planning Process   
 
2.0 Community Profile   
2.1 Community Location   
2.2 Community Size   
2.3 Structures   
2.4 Population   
2.5 Community Legal Structure   
2.6 Utilities   
2.7 Emergency Response Capabilities   
2.8 Schools   
2.9 Emergency Medical Facilities   
2.10 Regulative Issues   
 
3.0 Community Risk Assessment   
3.1 Access   
3.2 Topography   
3.3 Fuels   
3.4 Construction   
3.5 Water Sources   
3.6 Expected Fire Behavior   
3.7 Community Hazard Rating   
3.8 Assets at Risk   
 
4.0 Community Prescription   
4.1 Hazardous Fuels Reduction Projects   
4.2 Treatment of Structural Ignitability   
4.3 Public Outreach and Education   
4.4 Emergency Facilities/Equipment Enhancement   
4.5 Emergency Response Plan/Evacuation Plan/ 

Wildfire Response Plan 
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4.6 Evaluation of Restrictive Covenants and 
Ordinances 

  

4.7 Enhancement of Utilities and Infrastructure   
4.8 Evaluate, Update and Maintain Planning 

Commitments 
  

4.9 Develop/Review/Revise Memorandums of 
Understanding  

  

4.10 Biomass/Utilization   
 
5.0 Implementation Tables   
5.1 Media Release   
5.2 Tracking of Progress/Fire Planning Checklist   
 
6.0 Declaration of Agreement and Concurrence   
 
7.0 Appendices   
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6.0 Declaration of Agreement and Concurrence 
 
The following partners in the development of this Community Wildfire Protection 
Plan have reviewed and mutually agree on its contents: 

 
              
Signature          Date 
              
Name, Title, Agency/Organization 
 
 
              
Signature          Date 
              
Name, Title, Agency/Organization 
 
 
              
Signature          Date 
              
Name, Title, Agency/Organization 
 
 
              
Signature          Date 
              
Name, Title, Agency/Organization 
 
 
              
Signature          Date 
              
Name, Title, Agency/Organization 
 
 
              
Signature          Date 
              
Name, Title, Agency/Organization 
 
 
              
Signature          Date 
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7.0 Appendices 
 
 
This section provides an example of a typical CWPP appendix.  Use or modify 
this section based on the plan’s specific contents. 
 

 
A. Maps 
 Area Fuels Map 
 Risk Assessment 
 Fire History Maps/Historical Starts/Large Fire History 
 Project Map  
  
B. Contact Lists 
  Formal Associations 
  Media 
  Utilities 
  Schools 
  Emergency Medical Facilities 
  Funding Opportunities 
 
C. References & Acknowledgements 
  CWPP Summary and Checklist 
  Community Fire Planning & Funding Resources 
  Examples of Existing Plans 
  Acronyms 
  Glossary 
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Appendix  
Contact Lists 
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Formal Associations 
 List the contact information for churches, civic groups, volunteer service 
organizations, etc. 

Name  
Contact Person  

Telephone Number  
Other Contact 

Information 
 

   
Name  

Contact Person  
Telephone Number  

Other Contact 
Information 

 
 

Name  
Contact Person  

Telephone Number  
Other Contact 

Information 
 

   
Name  

Contact Person  
Telephone Number  

Other Contact 
Information 

 
   

Name  
Contact Person  

Telephone Number  
Other Contact 

Information 
 

 
Name  

Contact Person  
Telephone Number  

Other Contact 
Information 
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Media Sources 
 
List the contact information for local media and other outlets for public 
awareness.  

Television 
Name Call 

Letters 
Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
Radio 

Name Call 
Letters 

Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
Newspaper 

Name City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
Other 

Name Type Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 
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Utilities 
 
List local utility companies incase utilities are threatened and need to be notified 
or shutoff. 
 

ELECTRIC 
Company 
Name 

City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
GAS 

Company 
Name 

City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
WATER 

Company 
Name 

City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
TELEPHONE 

Company 
Name 

City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 
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Schools 
 
List all schools within the planning area, a member of the school board or the 
school’s superintendent can provide you with this information. 
 
Name  Shelter Use? Y or N 
Principal  Shelter In Place? Y or N 
Contact Name  
Address  
Phone Number  
Email Address  
Website  

 
Name  Shelter Use? Y or N 
Principal  Shelter In Place? Y or N 
Contact Name  
Address  
Phone Number  
Email Address  
Website  

 
Name  Shelter Use? Y or N 
Principal  Shelter In Place? Y or N 
Contact Name  
Address  
Phone Number  
Email Address  
Website  

 
Name  Shelter Use? Y or N 
Principal  Shelter In Place? Y or N 
Contact Name  
Address  
Phone Number  
Email Address  
Website  
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Emergency Medical Facilities 
List local medical and mass care facilities in the area 
 
Name  Burn Unit? Y or N 
Distance  Shelter 

Use? 
Y or N 

Contact Name  Shelter In 
Place? 

Y or N 

Phone Number  
Address  
Email Address  
Website  
Additional Info  

 
Name  Burn Unit? Y or N 
Distance  Shelter Use? Y or N 
Contact Name  Shelter In 

Place? 
Y or N 

Phone Number  
Address  
Email Address  
Website  
Additional Info  

 
Name  Burn Unit? Y or N 
Distance  Shelter Use? Y or N 
Contact Name  Shelter In 

Place? 
Y or N 

Phone Number  
Address  
Email Address  
Website  
Additional Info  
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Funding Opportunities 
 

Identify potential funding sources  
Source Type Contact Name Phone Email 
     
     
     
     
     
     
     
     
     

 
 

Page 55 of 644



Texas Forest Service  
Urban Wildland Interface Contacts 

 
Texas Forest Service: http://texasforestservice.tamu.edu  

Texas Interagency Coordination Center: http://www.tamu.edu/ticc 
UWI Personnel Contact Information: http://www.tamu.edu/ticc/UWI_contacts.pdf  

UWI General E-mail: texasuwi@tfs.tamu.edu
Risk Assessment Survey: http://www.tamu.edu/ticc/risk_assessment_survey.pdf  

 
 

For more information, contact: 
 

Texas Forest Service 
Urban Wildland Interface Team 

P.O. Box 1991 
Bastrop, TX  78602 

Phone:  512/321-2467 
Fax:  512/321-4819 

Email:  texasuwi@tfs.tamu.edu 
Website: http://texasforestservice.tamu.edu/

 
Or  

 
Texas Forest Service 

Justice Jones UWI Coordinator/ Project Leader 
1328 FM 1488 

Conroe, TX 77384 
Phone: 936-273-2261 

Fax 936/273-2282 
jjjones@tfs.tamu.edu 
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CWPP Summary and Checklist 
 

 
 Step One:  Convene Decision Makers 

• Form a core operating group with representation from the appropriate local 
governments, local fire authorities, and the state agency responsible for forest 
management. 
 

 Step Two:  Involve and Engage Interested Parties 
• Contact and encourage active involvement in plan development from a broad   
range of interested organizations and stakeholders. (NOTE:  This list provides a 
starting point and is by no means exclusive.) 

* City Council members 
* County Commissioners 
* Resource Advisory Committees 
* Texas Department of Transportation 
* Local and/or state emergency management agencies 
* Water districts – to identify key water infrastructure 
* Utilities 
* Recreation organizations 
* Environmental organizations 
* Forest products interests 
* Local Chambers of Commerce 
* Watershed councils 

• Identify and engage local representatives of any federal land management    
agencies (i.e. USFS, USFWS, NPS, National Guard, etc.). 
• Contact and involve other state and private land management agencies or 
organizations as appropriate (i.e. The Nature Conservancy, Texas Parks & 
Wildlife Department, prescribed fire co-ops, etc.). 
 

 Step Three:  Establish a Community Base Map 
• Work with partners to establish a baseline map of the community that defines 
the community’s UWI and displays inhabited areas at risk, and areas that contain 
critical human infrastructure. 
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 Step Four:  Develop a Community Risk Assessment and Identify Problems 

to Be Addressed 
• Work with partners to identify problems to be addressed: 

* Fuel Hazards 
* Risk of Wildfire Occurrence 
* Homes, Businesses, and Essential Infrastructure at Risk 
* Other Community Values at Risk 
* Local Preparedness and Firefighting Capability 
*  

• This “community risk assessment” can be simple or complex depending on       
the resources available to the community and partners. 
 

 Step Five:  Establish Community Priorities and Recommendations 
• Using the base map and community risk assessment to facilitate a 
collaborative community discussion, identify local priorities for: 
• Fuel treatment 
• Reducing structural ignitability, and 
• Improving fire response capability 
 

 Step Six:  Develop an Action Plan and Assessment Strategy 
• Consider developing a detailed implementation strategy to accompany the 
CWPP, as well as a monitoring plan that will ensure its long-term success. 
 

 Step Seven:  Complete the Community Wildfire Protection Plan 
• When all the core members mutually agree on the plan, finalize the CWPP 
with a date stamp and signatures of the key representatives from the various 
cooperators. 
• Communicate the results to the community and partners. 
• Collect information to update the plan for revision the following year. 

 
 
This checklist was adapted from the publication “Preparing a Community Wildfire 
Protection Plan: A handbook for Wildland-Urban Interface Communities” that can 
be downloaded from www.stateforesters.org/pubs/cwpphandbook.pdf . The checklist 
was modified by the Texas Forest Service Urban Wildland Interface Team for use 

in Texas. 
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Community Fire Planning & Funding Resources 

 
 
Bureau of Land Management, Interim Guidance for Community Risk Assessment and 
Mitigation Plans, (2003) 
 
Central Oregon Partnership for Wildfire Risk Reduction, Central Oregon 
Intergovernmental Council (December 2002), http://www.coic.org/copwrr/  
 
Federal Emergency Management Agency (FEMA) Pre-Disaster Mitigation Program, 
Federal Register Vol. 67, No. 38, (Tuesday, February 26, 2002), 
http://www.access.gpo.gov/su_docs/fedreg/a020226c.html   
 
Healthy Forests Restoration Act of 2003, Community Wildfire Protection Plans, 
http://agriculture.house.gov/h.r.1904confrpt.pdf  
 
National Fire Plan, A Collaborative Approach for Reducing Wildland Fire Risks to 
Communities and the Environment 10-Year Comprehensive Strategy, (August 2001) 
http://www.fireplan.gov/reports/7-19-en.pdf   
 
Partnership for Disaster Resistance and Resilience Community Pre-Disaster Mitigation 
Resources. http://csc.uoregon.edu/PDR_website/index.htm. 
 
Utah Community Fire Planning for the Wildland Urban Interface, Utah Division of 
Forestry, Fire and State Lands, (2001) www.nr.utah.gov/SLF/fmcommunityfirepln.htm  
Firewise, www.firewise.org
 
Living with fire- “A Homeowners Guide” – www.or.blm.gov/nwfire/doc/livingwithfire.pdf  
 
Fire Safe Council- www.firesafe.org
 
Firewise Funding Source- www.firewise.org/usa/funding.htm  
 
FEMA- “At Home in the Woods-Lessons Learned in the Wildland Urban Interface.”- 
http://www.fema.gov/regions/viii/athome_woods.shtm   
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Examples of Existing Plans and Guides 
 
 

 Virginia Department of Forestry An Action Plan for Wildfire Mitigation 
www.firewisevirginia.org 

 
 Kentucky Firewise and Kentucky Division of Forestry, An Action Plan for Wildfire 

Mitigation http://www.forestry.ky.gov/ 
 

 Utah Division of Forestry, Fire and State Lands, Community Fire Planning for the 
Wildland-Urban Interface Guidance Document 2002 

 
 Applegate Fire Plan, Applegate Partnership, (2002) 

http://www.grayback.com/applegate-valley/fireplan/index.asp 
 

 California Fire Plan Template, California Community Fire Plan Workgroup, (July 
2003), http://www.cafirealliance.org/downloads/CommunityFirePlanTemplate.pdf 

 
 Colorado Springs, CO Plan, City of Colorado Springs, Colorado Springs Utilities, 

(2001), http://csfd.springsgov.com/wildfiremitigation.pdf  
 

 Rogue River Regional Wildfire Hazard Mitigation/Response Plan, Rogue Valley 
Council of Governments, (September 2002), http://www.rvcog.org/  

 
 Shoshone County Wildland Urban Interface Fire Mitigation Plan, Northwest 

Management, Inc., (October 2002) 
 

 Trinity County Fire Management Plan, Trinity County Fire Safe Council, (February 
2003), http://users.snowcrest.net/tcrcd/ 

 
 Colorado State Fire Plan, 

http://www.dola.state.co.us/oem/PublicInformation/wildfire.htm 
 

 Jefferson County, Colorado Fire Plan, 
http://www.co.jefferson.co.us/ext/dpt/admin_svcs/emergmgmt/index.htm  

 
 Josephine County Integrated Fire Plan, (ongoing, 2003-2004) 

http://www.co.josephine.or.us/wildfire/index.htm  
 

 Lower Mattole Fire Plan, Mattole Restoration Council, (September 2002) 
http://www.mattole.org/html/publications_publication_2.html  

 
 Southwest Community Wildfire Protection Plan Guide http://www.swsstrategy.org 

(2004) 
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Acronyms and Abbreviations 

 

BMP  Best Management Practices 
CR  County Road 
CWPP                 Community Wildfire Protection Plan 
DEM  Department of Emergency Management 
DOI  Department of the Interior 
DOT  Department of Transportation 
DPS  Department of Public Safety 
DPW  Department of Public Works 
EAS  Emergency Alert System 
ESA  Endangered Species Act 
EOC  Emergency Operations Center 
DBH  diameter at breast height 
EIS  Environmental Impact Statement (NEPA) 
FD  Fire Department 
FEMA  Federal Emergency Management Agency 
GIS  Geographic Information System 
GPS  Global Positioning System 
HFRA  Healthy Forests Restoration Act of 2003 
IC  Incident Commander 
ICP  Incident Command Post 
ICS  Incident Command System 
ISO  Insurance Service Office 
MOA  Memorandum of Agreement 
MOU  Memorandum of Understanding 
MAA  Mutual Aid Agreement 
NEPA  National Environmental Policy Act 
NFP  National Fire Plan 
NPS  National Park Service 
NRCS  Natural Resource Conservation Service 
NWCG                 National Wildfire Coordinating Group PIO Public Information Officer 
PIO  Public Information Officer 
RCW  Red Cockaded Woodpecker 
RFA  Rural Fire Assistance 
SFFMA                 State Firefighters and Fire Marshals Association 
SHPO  State Historic Preservation Office 
SMZ  Streamside Management Zone 
TCEQ  Texas Commission on Environmental Quality 
TFS  Texas Forest Service 
TICC  Texas Interagency Coordination Center 
TNC  The Nature Conservancy 
TPWD  Texas Parks & Wildlife Department 
TXDOT                 Texas Department of Transportation 
USDA  United States Department of Agriculture 
USFS  United States Forest Service 
USFWS  United States Fish & Wildlife Service 
USGS  United States Geological Survey 
UWI  Urban Wildland Interface 
VFD  Volunteer Fire Department 
WUI  Wildland Urban Interface (alternative to UWI) 
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Glossary 
 

A 
 

Aerial Fuels:  All live and dead vegetation in the forest canopy or above the surface 
fuels, including tree branches, twigs and cones, snags, moss, and high brush. 
 
Air Tanker:  A fixed-wing aircraft equipped to drop fire retardants or suppressants. 
 
Agency:  Any federal, state, county or city organization participating with jurisdictional 
responsibilities. 
 
Aspect:  Direction toward which a slope faces. 
 

       
 

B 
 
Blow-up:  A sudden increase in fire intensity or rate of spread strong enough to prevent 
direct control or to upset control plans.  Blow-ups are often accompanied by violent 
convection and may have other characteristics of a fire storm.  
 
Brush:  A collective term that refers to stands of vegetation dominated by shrubby, 
woody plants, or low growing trees, usually of a type undesirable for livestock or timber 
management. 
 
Brush Fire:  A fire burning in vegetation that is predominantly shrubs, brush and scrub 
growth. 
 
Buffer Zones:  An area of reduced vegetation that separates wildland fuels from 
vulnerable residential or business developments.  This barrier is similar to a greenbelt in 
that it is usually used for another purpose such as agriculture, recreation areas, parks, 
or golf courses. 
 
Burning Ban:  A declared ban on open air burning within a specified area, usually due 
to sustained high fire danger. 
 
Burning Conditions:  The state of the combined factors of the environment that affect 
fire behavior in a specified fuel type. 
 
Burning Index:  An estimate of the potential difficulty of fire containment as it relates to 
the flame length at the most rapidly spreading portion of a fire’s perimeter. 
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Burning Period:  That part of each 24-hour period when fires spread most rapidly, 
typically from 10:00 a.m. to sundown. 
 

      
 

C 
 
Chipping: Reducing wood related material by mechanical means into small pieces to 
be used as mulch or fuel. Chipping and mulching are often used interchangeably. 
 
Chain:  A unit of linear measurement equal to 66 feet. 
 
Closure:  Legal restriction, but not necessarily elimination of specified activities such as 
smoking, camping or entry that might cause fires in a given area. 
 
Command Staff:  The command staff consists of the information officer, safety officer 
and liaison officer.  They report directly to the incident commander and may have 
assistants. 
 
Complex:  Two or more individual incidents located in the same general area which are 
assigned to a single incident commander or unified command. 
 
Condition Class:  The classification system used by the Forest Service to determine 
the extent of departure from the natural fire regime.   
 
Condition Class I:  A forest system within its natural fire range and at low risk for 
catastrophic fire. 
 
Condition Class II:  A forest that has moderately departed from its historic fire 
occurrence and is at moderate risk of experiencing losses to a wildfire. 
 
Condition Class III:  A forest that has departed from it historic fire regime and the risk 
of losing key habitat is high. 
 
Cooperating Agency:  An agency supplying assistance other than direct suppression, 
rescue, support, or service functions to the incident control effort; e.g., Red Cross, law 
enforcement agency, Telephone Company, etc. 
 
Creeping Fire:  Fire burning with a low flame and spreading slowly. 
 
Crown Fire (Crowning):  The movement of fire through the crowns of trees or shrubs 
more or less independently of the surface fire. 
 
Curing:  Drying and browning of herbaceous vegetation or slash. 
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D 

 
Dead Fuels:  Fuels with no living tissue in which moisture content is governed almost 
entirely by atmospheric moisture (relative humidity and precipitation), dry-bulb 
temperature, and solar radiation. 
 
Debris Burning:  A fire spreading from any fire originally set for the purpose of clearing 
land or for rubbish, garbage, range, stubble, or meadow burning. 
 
Defensible Space:  An area either natural or manmade where material capable of 
causing a fire to spread has been treated, cleared, reduced, or changed to act as a 
barrier between an advancing wildland fire and the loss to life, property, or resources.  
In practice, “defensible space” is defined as an area a minimum of 30 feet around a 
structure that is cleared of flammable brush or vegetation. 
 
Detection:  The act or system of discovering and locating fires. 
 
Dozer:  Any tracked vehicle with a front-mounted blade used for exposing mineral soil. 
 
Dozer Line:  Fire line constructed by the front blade of a dozer. 
 
Drop Zone:  Target area for air tankers, helitankers and cargo dropping. 
 
Drought Index:  A number representing net effect of evaporation, transpiration, and 
precipitation in producing cumulative moisture depletion in deep duff or upper soil. 
 
Dry Lightning Storm:  Thunderstorm in which negligible precipitation reaches the 
ground.  Also called a dry storm. 
 
Duff:  The layer of decomposing organic materials lying below the litter layer of freshly 
fallen twigs, needles, and leaves immediately above the mineral soil. 
 

      
 

E 
 
Energy Release Component (ERC):  The computed total heat released per unit area 
(British Thermal Units per square foot) within the fire front at the head of a moving fire. 
 
Engine:  Any ground vehicle providing specified levels of pumping, water and hose 
capacity. 
 
Engine Crew:  Firefighters assigned to an engine.  The Fireline Handbook defines the 
minimum crew makeup by engine type. 
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Entrapment:  A situation where personnel are unexpectedly caught in a fire behavior-
related, life threatening position where planned escape routes or safety zones are 
absent, inadequate or compromised.  An entrapment may or may not include 
deployment of a fire shelter for its intended purpose.  These situations may or may not 
result in injury.  They include “near misses”. 
 
Environmental Assessment (EA):  Eva’s were authorized by the National 
Environmental Policy Act (NEPA) of 1969.  They are concise, analytical documents 
prepared with public participation that determine if an Environmental Impact Statement 
(EIS) is needed for a particular project or action.  If an EA determines an EIS is not 
needed, the EA becomes the document allowing agency compliance with NEPA 
requirements. 
 
Environmental Impact Statement (EIS): EISs were authorized by the National 
Environmental Policy Act (NEPA) of 1969.  Prepared with public participation, they 
assist decision makers by providing information, analysis and an array of action 
alternatives, allowing managers to see the probable effects of decisions on the 
environment.  Generally, EISs are written for large-scale actions or geographical areas. 
 
Escape Route:  A preplanned and understood route firefighters take to move to a 
safety zone or other low-risk area, such as an already burned area, previously 
constructed safety area, a meadow that won’t burn, natural rocky area that is large 
enough to take refuge without being burned.  When escaped routes deviate from a 
defined physical path, they should be clearly marked (flagged). 
 
Escaped Fire:  A fire which has exceeded or is expected to exceed initial attack 
capabilities or prescription. 
 
Extended Attack Incident:  A wildland fire that has not been contained or controlled by 
initial attack forces and for which more firefighting resources are arriving, en route, or 
being ordered by the initial attack incident commander. 
 
Extreme Fire Behavior:  “Extreme” implies a level of fire behavior characteristics that 
ordinarily precludes methods of direct control action.  One or more of the following is 
usually involved: high rate of spread, prolific crowning and/or spotting, presence of fire 
whirls, strong convection column.  Predictability is difficult because such fires often 
exercise some degree of influence on their environment and behave erratically, 
sometimes dangerously. 
 

      
 

F 
 
Fingers of a Fire:  The long narrow extensions of a fire projecting from the main body. 
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Fire Behavior:  The manner in which a fire reacts to the influences of fuel, weather and 
topography. 
 
Fire Behavior Forecast:  Prediction of probable fire behavior usually prepared by a 
Fire Behavior Officer, in support of fire suppression or prescribed burning operations. 
 
 
Fire Break:  A natural or constructed barrier used to stop or check fires that may occur, 
or to provide a control line from which to work. 
 
Fire Cache:  A supply of fire tools and equipment assembled in planned quantities or 
standard units at a strategic point for exclusive use in fire suppression. 
 
Fire Crew:  An organized group of firefighters under the leadership of a crew leader or 
other designated official. 
 
Fire Front:  The part of a fire within which continuous flaming combustion is taking 
place.  Unless otherwise specified the fire front is assumed to be the leading edge of the 
fire perimeter.  In ground fires, the fire front may be mainly smoldering combustion. 
  
Fire Intensity:  A general term relating to the heat energy released by a fire. 
 
Fire Line:  A linear fire barrier that is scraped or dug to mineral soil. 
 
Fire Load:  The number and size of fires historically experienced on a specified unit 
over a specified period (usually one day) at a specified index of fire danger. 
 
Fire Management Plan (FMP):  A strategic plan that defines a program to manage 
wildland and prescribed fires and documents the Fire Management Program in the 
approved land use plan.  The plan is supplemented by operational plans such as 
preparedness plans, preplanned dispatch plans, prescribed fire plans, and prevention 
plans. 
 
Fire Perimeter:  The entire outer edge or boundary of a fire 
 
Fire Regime:  A natural fire regime is a classification of the role that fire would play 
across a landscape in the absence of human intervention.  
 
Fire Season:  1) Period(s) of the year during which wildland fires are likely to occur, 
spread, and affects resource values sufficient to warrant organized fire management 
activities.   2) A legally enacted time during which burning activities are regulated by 
state or local authority. 
 
Fire Storm:  Violent convection caused by a large continuous are of intense fire.  Often 
characterized by destructively violent surface in drafts, near and beyond the perimeter, 
and sometimes by tornado-like whirls. 
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Fire Triangle:  Instructional aid in which the sides of a triangle are used to represent 
the three factors (oxygen, heat, fuel) necessary for combustion and flame production; 
removal of any of the three factors causes flame production to cease. 
 
Fire Weather:  Weather conditions that influence fire ignition, behavior and 
suppression. 
 
Fire Weather Watch:  A term used by fire weather forecasters to notify using agencies, 
usually 24 to 72 hours ahead of the event, that current and developing meteorological 
conditions may evolve into dangerous fire weather. 
 
Fire Whirl:  Spinning vortex column of ascending hot air and gases rising from a fire 
and carrying aloft smoke, debris and flame.  Fire whirls range in size from less that one 
foot to more than 500 feet in diameter.  Large fire whirls have the intensity of a small 
tornado. 
 
Firefighting Resources:  All people and major items of equipment that can or 
potentially could be assigned to fires. 
 
Flame Height:  The average maximum vertical extension of flames at the leading edge 
of the fire front.  Occasional flashes that rise about the general level of flames are not 
considered.  This distance is less than the flame length if flames are tilted due to wind of 
slope. 
 
Flame Length:  The distance between the flame tip and the midpoint of the flame depth 
at the base of the flame (generally the ground surface); an indicator of fire intensity. 
 
Flaming Front:  The zone of a moving fire where the combustion is primarily flaming.  
Behind this flaming zone combustion is primarily glowing.  Light fuels typically have a 
shallow flaming front, whereas heavy fuels have a deeper front.  Also called fire front. 
 
Flanks of a Fire:  The parts of a fire’s perimeter that are roughly parallel to the main 
direction of spread. 
 
Flare-up:  Any sudden acceleration of fire spread or intensification of a fire.  Unlike a 
blow-up, a flare-up lasts a relatively short time and does not radically change control 
plans. 
 
Future Desired Conditions: The future desired conditions on federal land is a return to 
Condition Class I. (see Condition Class 1) 
 
 
Flash Fuels:  Fuels such as grass, leaves, draped pine needles, fern, tree moss and 
some kinds of slash, that ignite readily and are consumed rapidly when dry.  Also called 
fine fuels. 
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Forbs:  Plants with a soft, rather than permanent woody stem, that is not a grass or 
grass-like plant. 
 
Fuel:  Combustible material.  This includes, vegetation, such as grass, leaves, ground 
litter, plants shrubs and trees, which feed a fire. 
 
Fuel Bed:  An array of fuels usually constructed with specific loading, depth, and 
particle size to meet experimental requirements; also, commonly used to describe the 
fuel composition in natural settings. 
 
Fuel Loading:  The amount of fuel present expressed quantitatively in terms of weight 
of fuel per unit area. 
 
Fuel Model:  Simulated fuel complex (or combination of vegetation types) for which all 
fuel descriptors required for the solution of a mathematical rate of spread model has 
been specified  
 
Fuel Moisture (Fuel Moisture Content):  The quantity of moisture in fuel expressed as 
a percentage of the weight when thoroughly dried at 212 degrees Fahrenheit 
 
Fuel Reduction:  Manipulation, including combustion, or removal of fuels to reduce the 
likelihood of ignition and/or to lessen potential damage and resistance to control. 
 
Fuel Type:  An identifiable association of fuel elements of a distinctive plant species, 
form, size, arrangement, or other characteristics that will cause a predictable rate of fire 
spread or difficulty of control under specified weather conditions. 
 

      
 

G 
 
Geographic Area:  A political boundary designated by the wildland fire protection 
agencies where these agencies work together in the coordination and effective 
utilization. 
 
Ground Fuel:  All combustible materials below the surface litter, including duff, tree or 
shrub roots, punch wood, peat, and sawdust that normally support a glowing 
combustion without flame. 
 

      
 

H 
 
Haines Index:   An atmospheric index used to indicate the potential for wildfire growth 
by measuring the stability and dryness of the air over a fire. 
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Hand Line:  A fireline built with hand tools. 
 
Hazard Reduction:  Any treatment of a hazard that reduces the threat of ignition and 
fire intensity or rate of spread. 
 
Head of a Fire:  The side of the fire having the fastest rate of spread. 
 
Heavy Fuels:    Fuels of large diameter such as snags, logs, large limb wood, that 
ignite and are consumed more slowly than flash fuels. 
 
Helibase:  The main location within the general incident area for parking, fueling, 
maintaining, and loading helicopters.  The helibase is usually located at or near the 
incident base. 
 
Helispot:  A temporary landing spot for helicopters. 
 
Hotspot:  A particular active part of a fire. 
 
Hot spotting:  Reducing or stopping the spread of fire at points of particularly rapid rate 
of spread or special threat, generally the first step in prompt control, with emphasis on 
first priorities. 
 

      
 

I 
 
Incident:  A human-caused or natural occurrence, such as wildland fire, that requires 
emergency service action to prevent or reduce the loss of life or damage to property or 
natural resources. 
 
Incident Action Plan (IAP):  Contains objectives reflecting the overall incident strategy 
and specific tactical actions and supporting information for the next operational period.  
The plan may be oral or written.  When written, the plan may have a number of 
attachments, including but not limited to: incident objectives, organization assignment 
list, division assignment, incident radio communication plan, medical plan, traffic plan, 
safety plan, and incident map. 
 
Incident Command Post (ICP):  Location at which primary command functions are 
executed.  The ICP may be co-located with the incident base or other incident facilities. 
 
Incident Command System (ICS):  The combination of facilities, equipment, 
personnel, procedure and communications operating within a common organizational 
structure, with responsibility for the management of assigned resources to effectively 
accomplish stated objectives pertaining to an incident. 
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Incident Commander:  Individual responsible for the management of all incident 
operations at the incident site. 
 
Initial Attack:  The actions taken by the first resources to arrive at a wildfire to protect 
lives and property, and prevent further extension of the fire. 
 

      
 

J 
 
Job Hazard Analysis:  This analysis of a project is completed by staff to identify 
hazards to employees and the public.  It identifies hazards, corrective actions and the 
required safety equipment to ensure public and employee safety. 
 

      
 

K 
 
Keech Byram Drought Index (KBDI):  Commonly-used drought index adapted for fire 
management applications, with a numerical range from 0 (no moisture deficiency) to 
800 (maximum drought). 
 

      
 

L 
 
Ladder Fuels:  Fuels which provide vertical continuity between strata, thereby allowing 
fire to carry from surface fuels into the crowns of trees or shrubs with relative ease.  
They help initiate and assure the continuation of crowning. 
 
Light (Fine) Fuels:  Fast-drying fuels, generally with comparatively high surface area-
to-volume ratios, which are less than ¼-inch in diameter and have a time lag of one 
hour or less.  These fuels readily ignite and are rapidly consumed by fire when dry. 
 
Lightning Activity Level (LAL):  A number, on a scale of 1 to 6 that reflects frequency 
and character of cloud-to-ground lightning.  The scale is exponential based on powers 
of 2 (i.e., LAL 3 indicates twice the lightning of LAL 2). 
 
 
Litter:  Top layer of the forest, scrubland, or grassland floor, directly above the 
fermentation layer, composed of loose debris of dead sticks, branches, twigs, and 
recently fallen leaves or needles, little altered in structure by decomposition. 
 
Live Fuels:  Living plants, such as trees, grasses, and shrubs, in which the seasonal 
moisture content cycle is controlled largely by internal physiological mechanisms rather 
than by external weather influences. 
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M 

 
Mineral Soil:  Soil layers below the predominantly organic horizons; soil with little 
combustible material. 
 
Mobilization: The process and procedures used by all organizations, federal, state and 
local for activating, assembling, and transporting all resources that have been requested 
to respond to or support an incident. 
 
Mop-up: To make a fire safe or reduce residual smoke after the fire has been controlled 
by extinguishing or removing burning material along or near the control line, felling 
snags, or moving logs so they won’t roll downhill. 
 
Multi-Agency Coordination (MAC): A generalized term which describes the functions 
and activities of representatives of involved agencies and/or jurisdictions who come 
together to make decisions regarding the prioritizing of incidents, and the sharing and 
use of critical resources. The MAC organization is not a part of the on-scene ICS and is 
not involved in developing incident strategy or tactics. 
 
Mutual Aid Agreement: Written agreement between agencies and/or jurisdictions in 
which they agree to assist one another upon request, by furnishing personnel and 
equipment. 
 

      
 

N 
 

National Environmental Policy Act (NEPA): NEPA is the basic national law for 
protection of the environment, passed by Congress in 1969. It sets policy and 
procedures for environmental protection, and authorizes Environmental Impact 
Statements and Environmental Assessments to be used as analytical tools to help 
federal managers make decisions. 
 
National Fire Danger Rating System (NFDRS): A uniform fire danger rating system 
that focuses on the environmental factors that control the moisture content of fuels. 
 
National Wildfire Coordinating Group: A group formed under the direction of the 
Secretaries of Agriculture and the Interior and comprised of representatives of the U.S. 
Forest Service, Bureau of Land Management, Bureau of Indian Affairs, National Park 
Service, U.S. Fish and Wildlife Service and Association of State Foresters. The group’s 
purpose is to facilitate coordination and effectiveness of wildland fire activities and 
provide a forum to discuss, recommend action, or resolve issues and problems of 
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substantive nature. NWCG is the certifying body for all courses in the National Fire 
Curriculum. 
 
Normal Fire Season: 1) A season when weather, fire danger, and number and 
distribution of fires are about average. 2) Period of the year that normally comprises the 
fire season. 
 

      
 

O 
 
Operational Period: The period of time scheduled for execution of a given set of 
tactical actions as specified in the Incident Action Plan. Operational periods can be of 
various lengths, although usually not more than 24 hours. 
 
Overhead: People assigned to supervisory positions, including incident commanders, 
command staff, general staff, directors, supervisors, and unit leaders. 

 
      

 
P 

 
Peak Fire Season: That period of the fire season during which fires are expected to 
ignite most readily, to burn with greater than average intensity, and to create damages 
at an unacceptable level. 
 
Preparedness: Condition or degree of being ready to cope with a potential fire 
situation. 
 
Prescribed Fire: Any fire ignited by management actions under certain, predetermined 
conditions to meet specific objectives related to hazardous fuels or habitat 
improvement. A written, approved prescribed fire plan must exist, and NEPA 
requirements must be met, prior to ignition. 
 
Prescribed Fire Plan (Burn Plan): This document provides the prescribed fire burn 
boss information needed to implement an individual prescribed fire project. 
 
Prescription: Measurable criteria that define conditions under which a prescribed fire 
may be ignited, guide selection of appropriate management responses, and indicate 
other required actions. Prescription criteria may include safety, economic, public health, 
environmental, geographic, administrative, social, or legal considerations. 
 
Prevention: Activities directed at reducing the incidence of fires, including public 
education, law enforcement, personal contact, and reduction of fuel hazards. 
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R 

 
Radiant Burn: A burn received from a radiant heat source. 
 
Rate of Spread: The relative activity of a fire in extending its horizontal dimensions. It is 
expressed as a rate of increase of the total perimeter of the fire, as rate of forward 
spread of the fire front, or as rate of increase in area, depending on the intended use of 
the information. Usually it is expressed in chains or acres per hour for a specific period 
in the fire’s history. 
 
Reburn: The burning of an area that has been previously burned but that contains 
flammable fuel that ignites when burning conditions are more favorable; an area that 
has reburned. 
 
Red Flag Warning: Term used by fire weather forecasters to alert forecast users to an 
ongoing or imminent critical fire weather pattern. 
 
Rehabilitation: The activities necessary to repair damage or disturbance caused by 
wildland fires or the fire suppression activity. 
 
Relative Humidity (Rh): The ratio of the amount of moisture in the air, to the maximum 
amount of moisture that air would contain if it were saturated. The ratio of the actual 
vapor pressure to the saturated vapor pressure. 
 
Remote Automatic Weather Station (RAWS): An apparatus that automatically 
acquires, processes, and stores local weather data for later transmission to the GOES 
Satellite, from which the data is re-transmitted to an earth-receiving station for use in the 
National Fire Danger Rating System. 
 
Resources: 1) Personnel, equipment, services and supplies available, or potentially 
available, for assignment to incidents. 2) The natural resources of an area, such as 
timber, crass, watershed values, recreation values, and wildlife habitat. 
 
Resource Management Plan (RMP): A document prepared by field office staff with 
public participation and approved by field office managers that provides general 
guidance and direction for land management activities at a field office. The RMP 
identifies the need for fire in a particular area and for a specific benefit. 
  
Retardant: A substance or chemical agent which reduced the flammability of 
combustibles. 
 
Run (of a fire): The rapid advance of the head of a fire with a marked change in fire line 
intensity and rate of spread from that noted before and after the advance. 
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S 
 
Safety Zone: An area cleared of flammable materials used for escape in the event the 
line is outflanked or in case a spot fire causes fuels outside the control line to render the 
line unsafe. In firing operations, crews progress so as to maintain a safety zone close at 
hand allowing the fuels inside the control line to be consumed before going ahead. 
Safety zones may also be constructed as integral parts of fuel breaks; they are greatly 
enlarged areas which can be used with relative safety by firefighters and their 
equipment in the event of a blowup in the vicinity. 
 
Severity Funding: Funds provided to increase wildland fire suppression response 
capability necessitated by abnormal weather patterns, extended drought, or other 
events causing abnormal increase in the fire potential and/or danger. 
 
Single Resource: An individual, a piece of equipment and its personnel complement, or 
a crew or team of individuals with an identified work supervisor that can be used on an 
incident. 
 
Size-up: To evaluate a fire to determine a course of action for fire suppression. 
 
Slash: Debris left after logging, pruning, thinning or brush cutting; includes logs, chips, 
bark, branches, stumps and broken understory trees or brush. 
 
Slop-over: A fire edge that crosses a control line or natural barrier intended to contain 
the fire. 
 
Smoke Management: Application of fire intensities and meteorological processes to 
minimize degradation of air quality during prescribed fires. 
 
Snag: A standing dead tree or part of a dead tree from which at least the smaller 
branches have fallen. 
 
Spark Arrester: A device installed in a chimney, flue, or exhaust pipe to stop the 
emission of sparks and burning fragments. 
 
Spot Fire: A fire ignited outside the perimeter of the main fire by flying sparks or 
embers. 
 
Spot Weather Forecast: A special forecast issued to fit the time, topography, and 
weather of each specific fire. These forecasts are issued upon request of the user 
agency and are more detailed, timely, and specific than zone forecasts. 
 
Spotting: Behavior of a fire producing sparks or embers that are carried by the wind 
and start new fires beyond the zone of direct ignition by the main fire. 
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Staging Area: Locations set up at an incident where resources can be placed while 
awaiting a tactical assignment on a three-minute available basis. Staging areas are 
managed by the operations section. 
 
Strategy: The science and art of command as applied to the overall planning and 
conduct of an incident. 
 
Structure Fire: Fire originating in and burning any part or all of any building, shelter, or 
other structure. 
 
Suppressant: An agent, such as water or foam, used to extinguish the flaming and 
glowing phases of combustion when direction applied to burning fuels. 
 
Suppression: All the work of extinguishing or containing a fire, beginning with its 
discovery. 
 
Surface Fuels: Loose surface litter on the soil surface, normally consisting of fallen 
leaves or needles, twigs, bark, cones, and small branches that have not yet decayed 
enough to lose their identity; also grasses, forbs, low and medium shrubs, tree 
seedlings, heavier branchwood, downed logs, and stumps interspersed with or partially 
replacing the litter. 
 

      
 

T 
 

Tactics: Deploying and directing resources on an incident to accomplish the objectives 
designated by strategy. 
Temporary Flight Restrictions (TFR): A restriction requested by an agency and put 
into effect by the Federal Aviation Administration in the vicinity of an incident which 
restricts the operation of nonessential aircraft in the airspace around that incident. 
 
Torching: The ignition and flare-up of a tree or small group of trees, usually from 
bottom to top. 
 
Type: The capability of a firefighting resource in comparison to another type. Type 1 
usually means a greater capability due to power, size, or capacity. 

      
      

 
U 
 

Uncontrolled Fire: Any fire which threatens to destroy life, property, or natural 
resources. 
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Under burn: A fire that consumes surface fuels but not trees or shrubs. (See Surface 
Fuels.) 
 

      
 

V 
 

Volunteer Fire Department (VFD): A fire department of which some or all members 
are unpaid. 
 

      
 

W 
 

Water Tender: A ground vehicle capable of transporting specified quantities of water. 
 
Wildland Fire: Any nonstructural fire, other than prescribed fire, that occurs in the 
wildland. 
 
Wildland Fire Implementation Plan (WFIP): A progressively developed assessment 
and operational management plan that documents the analysis and selection of 
strategies and describes the appropriate management response for a wildland fire being 
managed for resource benefits. 
 
Wildland Fire Use: The management of naturally ignited wildland fires to accomplish 
specific pre-stated resource management objectives in predefined geographic areas 
outlined in Fire Management Plans. 
 
Wildland Urban Interface: The line, area or zone where structures and other human 
development meet or intermingle with undeveloped wildland or vegetative fuels. 
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A Template for Developing 
Community Wildfire Protection Plans 

 
 
 

In Accordance with Title I of 
The Healthy Forest Restoration Act of 2003 

 
 

 
 
 
 
 
 
 
 
 
 

  
A collaborative approach to help protect life, property and natural resources 

through community-based planning 
 

Page 77 of 644



 

Table of Contents 
 

1.0 Introduction  
1.1 Collaboration/Planning Committee Members  
1.2 Statement of Intent 
1.3 Background  
1.4 Existing Situation/Current Risks  
1.5 Goals and Objectives   
1.6 Planning Process 
 

2.0 Community Profile 
2.1 Community Location  
2.2 Community Size  
2.3 Structures 
2.4 Population 
2.5 Community Legal Structure 
2.6 Utilities 
2.7 Emergency Response Capabilities 
2.8 Schools 
2.9 Emergency Medical Facilities  
2.10 Regulative Issues 

 
3.0 Community Risk Assessment 

3.1 Access 
3.2 Topography 
3.3 Fuels 
3.4 Construction 
3.5 Water Sources 
3.6 Expected Fire Behavior 
3.7 Community Hazard Rating 
3.8 Assets at Risk 

3.8.1 Natural Resources 
3.8.2 Commercial and Industrial Resources 
3.8.3 Community Values & Cultural Assets 

 3.8.4 Estimated Values at Risk 
 
4.0 Community Prescription  

4.1 Hazardous Fuels Reduction Project(s)  
4.2 Treatment of Structural Ignitability  
4.3 Public Outreach and Education 
4.4 Emergency Facilities/Equipment Enhancement  
4.5 Emergency Response Plan/Evacuation Plan/Wildfire Response  
           Plan 

Page 78 of 644



4.6 Evaluation of Restrictive Covenants and Ordinances 
4.7 Enhancement of Utilities and Infrastructure 
4.8 Evaluate, Update and Maintain Planning Commitments 
4.9 Develop/Review/Revise Memorandum of Understanding (MOU) 
4.10 Biomass/Utilization 

 
5.0 Implementation Timetable  

5.1 Media Release 
5.2 Tracking of Progress/Fire Planning Checklist  

 
6.0 Declaration of Agreement and Concurrence 
 
7.0 Appendices  

Page 79 of 644



1.0 Introduction 
 
 
 
 
 
 
 

1.1 Collaboration 
 
This Community Wildfire Protection Plan is a collaborative effort between 
the following entities.  The representatives listed below comprise the core 
decision-making team responsible for this report and mutually agree on the 
plan’s contents. 

 
Community Representative(s):  

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
Name  

Address  
Telephone Number(s)  

Other Contact 
Information 

 
 

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
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Local Fire Department Representatives:  

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
Name  

Address  
Telephone Number(s)  

Other Contact 
Information 

 
 
Texas Forest Service UWI Representative(s):  

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
Federal Agency Representative(s):   

Name  
Address  

Telephone Number(s)  
Other Contact 

Information 
 

 
Name  

Address  
Telephone Number(s)  

Other Contact 
Information 
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1.2  Statement of Intent 
 

 
 
 
 

 
 

1.3 Historical Fire Occurrence 
 
 
 
 
 

 
 

1.4 Existing Situation / Current Risks 
 
 
 
 
 

 

1.5 Goals and Objectives 
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1.6 Planning Process 
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2.0 Community Profile 

 
 

 
 
 
 
 

2.1 Community Location 
 
 

County  
Latitude/Longitude  

Plan Area and  
Unit Boundaries 

 
Frontage and/or 

Perimeter Road(s) 
 

Additional Landmarks  
 
 

2.2 Community Size 
 
 

Acreage  
Square Miles  

Number of Lots TOTAL  Developed  Undeveloped  
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2.3 Structures 

 
 

Type Number or Percentage 
Homes  

Mobile Homes  
Outbuildings  

Commercial Buildings  
Abandoned Buildings  

 
 

2.4 Population 
 

Total Population:       
Full Time Residents:  % 
Part Time Residents:  % 

 

2.5 Community Legal Structure 
 
 
Organization Contact, Title Phone 

Numbers 
Email 
Address(es) 

    
    
    
    
    
    

 
 

2.6 Utilities 
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2.7 Emergency Response Capabilities 
 

 
Local Department Name 

Address 
Contact Name 
Title 
Email  

Phone 
Numbers 

    
Resources Response 

Time 
 

Engines 
Type / ID / 
Capacity 

Dozers & Tractor 
Plows 
Type / ID / 

Misc.  
(Tankers/Tenders, 
Etc.) / Capacity 

Aviation 
Type / ID / 
Capacity 

    
    
    

 
 
 
State 
 

Department Name 
Address 

Contact Name 
Title 
Email  

Phone 
Numbers 

    
Resources Response 

Time 
 

Engines 
Type / ID / 
Capacity 

Dozers & Tractor 
Plows 
Type / ID / 

Misc.  
(Tankers/Tenders, 
Etc.) / Capacity 

Aviation 
Type / ID / 
Capacity 

    
    
    

 
 
Federal 
 

Department Name 
Address 

Contact Name 
Title 
Email  

Phone 
Numbers 

    
Resources Response 

Time 
 

Engines 
Type / ID / 
Capacity 

Dozers & Tractor 
Plows 
Type / ID / 

Misc.  
(Tankers/Tenders, 
Etc.) / Capacity 

Aviation 
Type / ID / 
Capacity 
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2.8 Schools 
 
 
 
 
 
 
 

2.9 Emergency Medical Facilities 
 
 
 
 
 
 
 

2.10 Regulative Issues 
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3.0 Community Risk Assessment 
 
 
 
 
 
 
 

3.1 Access 
 
 
 
 
 

 
 

3.2 Topography 
 
 
 
 
 

 
 

3.3 Fuels 
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3.4 Construction 
 
 
 
 
 

 
 

3.5 Water Sources 
 
 
 
 
 

 
 

3.6 Expected Fire Behavior 
 
 
 
 
 

 
 

3.7 Community Hazard Rating 
 
 
Low / Medium / High  
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3.8 Assets at Risk 
 
 

3.8.1 Natural Resources 
 

PLANT Name (Common/Scientific) T & E Status Priority
   
   
   
   
Discussion: 
 
 

 
ANIMAL Name (Common/Scientific) T & E Status Priority
   
 Endangered High 
   
   
Discussion: 
 
 

 
 

Watershed/Wetland Considerations Priority 
  
  
  
  
Discussion: 
 
 

 
3.8.2 Commercial & Industrial Resources  
 

Resource Priority 
  
  
  
Discussion: 
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3.8.3 Community Values & Cultural Assets  
 

Resource Priority 
  
  
  
Discussion: 
 
 

 
3.8.4 Estimated Values at Risk 
 

Resource  Estimated 
value 

 $ 
 $ 
 $ 
Discussion: 
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4.0 Community Prescription  
 
 
 
 
 
 

4.1 Hazardous Fuels Reduction Project 
 
 
 
 
 

 
 

4.2 Treatment of Structural Ignitability 
 
 
 
 
 

 
 

4.3 Public Outreach and Education 
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4.4 Emergency Facilities/Equipment 
Enhancement 

 
 
 
 
 

 
 

4.5 Emergency Response Plan/Evacuation 
Plan/Wildfire Response Plan 

 
 

 
 
 

 
 

4.6 Evaluation of Restrictive Covenants and 
Ordinances 

 
 
 
 
 

 
 

4.7 Enhancement of Utilities and 
Infrastructure 
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4.8 Evaluate, Update and Maintain Planning 
Commitments 

 
 
 
 
 

 
 

4.9 Development and Review of 
Memorandums of Understanding 

 
 
 
 
 

 
 

4.10  Biomass / Utilization 
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5.0 Implementation Tables 
 
 
 
 
 
 
 

5.1 Media Releases 
 
5.1 Media Release 
Release 
Date 

Format Title Author Sent To: 
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5.2 Tracking of Progress/Fire Planning 
Checklist 

 
  

Se
ct

io
n  

Category 
 

Completed  
( √  ) 

 
Date 

1. Introduction   
1.1 Collaborative/Planning Committee Members   
1.2 Statement of Intent   
1.3 Background   
1.4 Existing Situation/Current Risks   
1.5 Goals and Objectives   
1.6 Planning Process   
 
2.0 Community Profile   
2.1 Community Location   
2.2 Community Size   
2.3 Structures   
2.4 Population   
2.5 Community Legal Structure   
2.6 Utilities   
2.7 Emergency Response Capabilities   
2.8 Schools   
2.9 Emergency Medical Facilities   
2.1
0 

Regulative Issues   

 
3.0 Community Risk Assessment   
3.1 Access   
3.2 Topography   
3.3 Fuels   
3.4 Construction   
3.5 Water Sources   
3.6 Expected Fire Behavior   
3.7 Community Hazard Rating   
3.8 Assets at Risk   
 
4.0 Community Prescription   
4.1 Hazardous Fuels Reduction Project   
4.2 Treatment of Structural Ignitability   
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4.3 Public Outreach and Education   
4.4 Emergency Facilities/Equipment Enhancement   
4.5 Emergency Response Plan/Evacuation Plan/ 

Wildfire Response Plan 
  

4.6 Evaluation of Restrictive Covenants and 
Ordinances 

  

4.7 Enhancement of Utilities and Infrastructure   
4.8 Evaluate, Update and Maintain Planning 

Commitments 
  

4.9 Develop/Review/Revise Memorandums of 
Understanding (MOUs) 

  

4.1
0 

Biomass / Utilization   

 
5.0 Implementation Tables   
5.1 Media Release   
5.2 Tracking of Progress/Fire Planning Checklist   
 
6.0 Declaration of Agreement and Concurrence   
 
7.0 Appendices   
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6.0 Declaration of Agreement and 
Concurrence 

 
The following partners in the development of this Community Wildfire Protection 
Plan have reviewed and mutually with its contents: 

 
             
Signature          Date 
             
Name, Title, Agency/Organization 
 
 
             
Signature          Date 
             
Name, Title, Agency/Organization 
 
 
             
Signature          Date 
             
Name, Title, Agency/Organization 
 
 
             
Signature          Date 
             
Name, Title, Agency/Organization 
 
 
             
Signature          Date 
             
Name, Title, Agency/Organization 
 
 
             
Signature          Date 
             
Name, Title, Agency/Organization 
 
 
             
Signature          Date 
             
Name, Title, Agency/Organization 
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7.0 Appendices 
 
 
 

A. Maps 
 Area Fuels Map 
 Risk Assessment 
 Fire History Maps/Historical Starts/Large Fire History 
 Project Map  
  
B. Contact Lists 
  Formal Associations 
  Media 
  Utilities 
  Schools 
  Emergency Medical Facilities 
  Funding Opportunities 
  TFS UWI Contacts 
 
C. References & Acknowledgements 
  CWPP Summary and Checklist 
  Community Fire Planning & Funding Resources 
  Examples of Existing Plans 
  Credits and Acknowledgements 
  Acronyms 
  Glossary 
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Appendix B  
Contact Lists 
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Formal Associations 
 List the contact information for churches, civic groups, volunteer 
service organizations, etc. 

Name  
Contact Person  

Telephone Number  
Other Contact 

Information 
 

   
Name  

Contact Person  
Telephone Number  

Other Contact 
Information 

 
 

Name  
Contact Person  

Telephone Number  
Other Contact 

Information 
 

   
Name  

Contact Person  
Telephone Number  

Other Contact 
Information 

 
   

Name  
Contact Person  

Telephone Number  
Other Contact 

Information 
 

 
Name  

Contact Person  
Telephone Number  

Other Contact 
Information 
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Media Sources 
 
List the contact information for local media and other outlets for public 
awareness.  

Television 
Name Call 

Letters 
Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
Radio 

Name Call 
Letters 

Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
Newspaper 

Name City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
Other 

Name Type Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 
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Utilities 
  
 

ELECTRIC 
Company 
Name 

City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
GAS 

Company 
Name 

City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
WATER 

Company 
Name 

City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 

      
      
      

 
TELEPHONE 

Company 
Name 

City Contact 
(Name/Title) 

Phone/Fax 
Number 

Email Address Website 
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Schools 
 
List all schools within the planning area, a member of the school board or 
the school’s superintendent can provide you with this information. 
 
Name  Shelter Use? Y or N 
Principal  Shelter In Place? Y or N 
Contact Name  
Address  
Phone Number  
Email Address  
Website  

 
Name  Shelter Use? Y or N 
Principal  Shelter In Place? Y or N 
Contact Name  
Address  
Phone Number  
Email Address  
Website  

 
Name  Shelter Use? Y or N 
Principal  Shelter In Place? Y or N 
Contact Name  
Address  
Phone Number  
Email Address  
Website  

 
Name  Shelter Use? Y or N 
Principal  Shelter In Place? Y or N 
Contact Name  
Address  
Phone Number  
Email Address  
Website  
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Emergency Medical Facilities 
 
 
Name  Burn Unit? Y or N 
Distance  Shelter 

Use? 
Y or N 

Contact Name  Shelter In 
Place? 

Y or N 

Phone Number  
Address  
Email Address  
Website  
Additional Info  

 
Name  Burn Unit? Y or N 
Distance  Shelter Use? Y or N 
Contact Name  Shelter In 

Place? 
Y or N 

Phone Number  
Address  
Email Address  
Website  
Additional Info  

 
Name  Burn Unit? Y or N 
Distance  Shelter Use? Y or N 
Contact Name  Shelter In 

Place? 
Y or N 

Phone Number  
Address  
Email Address  
Website  
Additional Info  
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Funding Opportunities 
 

Identify potential funding sources  
Source Type Contact Name Phone Email 
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CWPP Enhancement Guidance – Lessons Learned! 
 
After reviewing many Community Wildfire Protection Plans (CWPPs), we have 
concluded most could provide greater benefits to the participants with a few 
modifications. We encourage CWPP developers to consider the following 
recommendations. 
 
Formal Agreement 
The Healthy Forest Restoration Act of 2003 (HFRA) requires a CWPP be “agreed 
to by the applicable local government, local fire department, and State agency 
responsible for forest management” (CDF in California). While not required, we 
suggest a formal agreement, such as the Wildfire Protection Plan Certification 
and Agreement Signature Sheet will add clarity that the CWPP is authentic. It 
will also indicate that the included projects are supported by the community and 
ready for implementation. 
 
Designate a Generous WUI 
HFRA provides communities the opportunity to designate a locally appropriate 
definition and boundary for the Wildland Urban Interface (WUI). The default 
definition is ½ to 1½ miles from the boundary of an at-risk community, 
depending on slope, geographic features and condition class or an area that is 
adjacent to an evacuation route. HFRA includes advantages for communities that 
designate larger WUIs by providing streamlined NEPA documentation for projects 
that are greater than 1½ miles from the community but within the community 
designated WUI. A community designated WUI of 1½ miles loses this 
advantage. A plan in New Mexico established WUI boundaries 15 miles from the 
community. 
 
Include Federal Projects 
One of the purposes of HFRA is “to reduce wildfire risk to communities, municipal 
water supplies, and other at-risk Federal land through a collaborative process of 
planning, prioritizing, and implementing hazardous fuel reduction projects” 
(emphasis added). Accordingly, HFRA provides for meaningful community 
participation in federal project planning through the opportunity to recommend 
projects on federal lands. When Federal agencies implement the community 
recommendations, the NEPA process is streamlined, reducing planning time and 
expenses. An easy method to realize this benefit is to consider all federal 
projects near a community that are in some stage of planning development. 
Considering planned federal projects also helps meeting the requirement to 
consult with Federal land management agencies. The community may 
recommend changes to the scope of the projects or method of treatments. 
Communities may also recommend additional projects. The greatest benefit will 
be for those projects that NEPA has not yet begun.  

Page 107 of 644



 
Include Revenue Generating Projects 
The CWPP provision is designed to coordinate efforts to reduce fire risk among 
all landowners. Some CWPPs have included only projects that require grant 
funding, which limits the opportunity for a coordinated approach to fire risk 
reduction. It also limits the opportunity for community members to recommend a 
community fuel reduction strategy and expedited implementation of federal and 
private projects. 
 
Include Projects outside the WUI 
Another purpose of HFRA is “to enhance efforts to protect watersheds and 
address threats to forest and rangeland health, including catastrophic wildfire, 
across the landscape.” Just as projects within a WUI, CWPPs provide meaningful 
community participation in developing recommendations for private and federal 
projects outside the WUI. Private and Federal land managers also receive similar 
(but reduced) benefits to implementing the community recommendations as they 
do with projects within the WUI. 
 
Recommend Treatment Types and Methods 
HFRA requires CWPPs to “recommend the types and methods of treatment on 
Federal and non-Federal land that will protect 1 or more at-risk communities and 
essential infrastructure.” Treatment recommendations are part of the NEPA and 
CEQA process. Community recommendations are necessary for land managers to 
realize the streamlined processes. Additionally, the greatest controversy 
frequently revolves around treatment recommendations. Providing 
recommendations for the type and method of treatment that the community will 
support focuses land owner attention on community acceptable land 
management practices. Treatment recommendations can be project specific, or 
area-wide.  
 
 

Page 108 of 644



Phase 1: Forming and Norming

Leaders Guide for developing a Community Wildfi re Protection Plan

This Leaders Guide is designed to supplement the document 
entitled: “Preparing a Community Wildfi re Protection Plan – 
Handbook for Wildland-Urban Interface Communities” avail-
able at www.safnet.org/policyandpress/cwpp.cfm or contact 
the Western Governors’ Association at (303)-623-9378 for a 
free copy. Please reference the Leaders Guide Supplement 
for details about each of the step instructions listed on this 
Fire Chiefs / Leaders Guide. www.iafc.org

Leaders Guide General Instructions

Minimum CWPP requirements
As required by the Healthy Forests Restoration Act:

 Collaboration*: local and state government agencies in 
consultation with federal agencies and other interested 
parties

Prioritized Fuel Reduction: identify and prioritize areas for 
hazardous fuel reduction; recommend types of treatment; 
must protect one or more at-risk communities and 
essential infrastructure

 Treatment of Structural Ignitability: A CWPP must 
recommend measures for homeowners and communities 
to reduce ignitability of structures

*Collaboration:

More than asking for feedback - must plan, do and act 
together; three entities must mutually agree: local govern-
ment, local fi re department(s), and state entity responsible 
for forest management. In addition, must consult with local 
representatives from USFS/USDA and BLM/DOI and other inter-
ested parties or persons in the development of the plan.

Timeline for fi rst CWPP

The fi rst draft of the CWPP can be accomplished with 6 well 
planned meetings and will take approximently 1- 18 months to 
complete the CWPP process. Consider a strategy of developing a 
simple version of the CWPP that you can “Plan – Do – and Act” on 
with smaller successes. This will lead to larger outcomes as the 
plan is expanded in the future. 

Leaders Guide Symbols:

Plan symbol - vision, knowledge, network, 
scope and planned activities.
Do symbol - activities accomplished to gain 
a planned outcome
Act symbol numerically indexed; A planned activity 
that is ready for action/implementation

3

2

1

This Leaders Guide was created for Leaders by Leaders and is designed to work directly with “Preparing a Community Wildfi re Protection Plan – Handbook” available at: www.safnet.org/policyandpress/cwpp.cfm

Phase 2: Risk Assessment and Priority Setting Phase 3: Plan, Do and Evaluate

Sponsored by:
National Association of State Foresters • International Association of Fire Chiefs • The Wilderness Society

P

D

A

Step #1 Convene Decision-makers: Form a core team 
of representatives from local government, local fi re,  
and state agency responsible for forest management

Staff meeting review of CWPP process; brainstorm 
methods and who to invite to the planning process

Fire Chief/Leader to decide the need for a CWPP; 
consult with neighboring fi re chiefs

Develop conceptual mission and policy direction 
for CWPP

List lead planning team: local, state and federal 
agencies; local community leaders

Defi ne jurisdictional and non-jurisdictional players 
and match them to the wildland fi re problems

Identify core group of policy leaders, statutory 
authorities; those with sign off powers; granting 
agencies

Review local, state and federal wildfi re plans and the 
City/County General Plan Safety Element

Face to face meetings with city and county executive 
and political leaders – check the level of support for 
the CWPP

Begin defi ning the geographical planning area 
for the CWPP

Step #2 Involve Federal Agencies: Identify and engage lo-
cal representative of the USFS and DOI; contact other land 
management agencies as appropriate. Public Releases

Defi ne property ownership in the CWPP 
planning area.

Work with state and federal agencies for 
grant opportunities

Step #4 Establish a Community Base Map: Work with 
partners to establish a baseline map of the community 
that defi nes the community WUI, inhabited areas at risk, 
forested areas containing critical human infrastructure, 
and forest areas at risk for large-scale fi re disturbance.

Start with any base map; defi ne the CWPP planning 
area – use natural and recognizable boundary breaks

Convene the second CWPP meeting and focus 
on defi ning the fuel hazards, assets at risk and 
confi rm the planning area; make sure that the 
planning team understands the mission and vision of 
the CWPP process

Step #5 Develop a Community Risk Assessment: Work 
with planning partners to develop a community risk 
assessment that considers fuel hazards; risk of wildfi re 
occurrence; homes, businesses, and essential infrastruc-
ture at risk; other community values at risk and local 
preparedness capability.

Gather information about hazards, fuel models, risks, 
threats; use local, state and federal agency informa-
tion and identify on the base map

Convene the third CWPP meeting; present and build 
upon the risk and assessment information; fi re chief 
to “tell it like it is”

Step #6 Establish Community Priorities and Recommen-
dations: Use the base map and community risk assess-
ment to facilitate a collaborative community meeting to 
identify priority fuel reduction, structural protection, and 
improved fi re response project; clearly indicate relation-
ship to reducing community wildfi re risks.

Develop a process that leads to collaboration and 
consensus building around the highest priority proj-
ects that prevent, mitigate and prepare for risks and 
hazards; consider wildland fi re threat to structures 
as well as structure to structure fi re spread.

Convene the fourth CWPP meeting; review risk mgmt. 
and reduction plans; prioritize planning project

Facilitate the meeting; capture feedback, organize 
and prioritize; fi re chief should be present to encour-
age and monitor feedback making sure the planning 
process is staying on track.

Step #7 Develop an Action Plan and Assessment Strat-
egy: Consider developing a detailed implementation 
strategy to accompany the CWPP, as well as a monitor-
ing plan that will ensure its long-term success.

Attain buy in and commitment for the “doing”; 
track and measure progress; engage private 
property owners

Convene the fi fth CWPP meeting; fi re chief to en-
courage outcomes and community involvement; fi ll 
the gaps and keep the process moving forward

Set up a method for changing, updating, and revi-
sion of the plan; change to meet future demands

Step #8 Finalize Community Wildfi re Protection Plan: 
Communicate CWPP results to the community and key 
partners.

Public release and a media blitz about who, what, 
where, why, and how the fi re safe projects are being 
processed; use planning team members to deliver 
the message.

Planning team to develop the background, funding 
and staffi ng plans for the projects.

Leadership team to meet with key stakeholders, 
property owners, and policy leaders and deliver the 
plan message; attain signature support from fund-
ing agencies.

Convene the sixth CWPP meeting; celebrate the 
development of the plan; schedule future meeting to 
follow implementation, update, funding and track-
ing of plan; set a specifi c date for the next meeting.

Step #9 Track Progress and Update CWPP: A plan stays 
alive when it’s evaluated and updated to meet the reality 
of the implementation days.

Describe accomplishments to date and review the 8 
Step CWPP planning process to pick up loose ends 
and new areas of concern.

Convene the seventh CWPP meeting to celebrate 
success, upgrade existing plans and to plan for 
the future  

Plan future meetings to track and update the 
planned activities 

Contact local agencies that have completed a CWPP

Assign the offi cial CWPP planning team for the 
fi rst meeting. Involve the public early and continuously

Face to face meeting with state, federal and regional 
leaders that have a property interest in completing 
a CWPP – discuss the need to form a planning team 
and to access available grant funds

Step #3 Engage Interested Parties: Contact and encour-
age active involvement in plan development from a broad 
range of interested organizations and stakeholders.

Personal invitation to property owners and a broad range 
ofstakeholder groups to join the planning process

Find meeting locations and convenient meeting times

Develop the agenda for the fi rst meeting

Convene the fi rst CWPP meeting: introduce planning 
process; describe benefi ts of doing a CWPP; expand 
planning team membership; and encourage support 
and involvement

Leadership to assure CWPP process is on the right 
track and empower other leaders to keep process 
on track

Leadership to encourage members of the planning 
group to stay engaged; encourage the non-partici-
pants to engage and speak out; make sure the non-
fi re representatives are invited

Understand and be ready to address the “deal stop-
per” issues; be ready to keep planning team focused 
on the mission and vision of the planning process

Refi ne the mission and direction of the planning 
process to accurately refl ect the community concern.
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For more specifi c information, refer to the Leader’s Guide Supplement CWPP/LG/FINAL/REV/0/10MAY05
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Texas Forest Service

UWI STAFF 
[ Print |  Close  ]

Rich Gray, Regional Fire Coordination/State UWI 
Coordinator

Bastrop Office 
Office: (512) 321 2467 
Pager: 1 800 299 4099, ID # 9536 
Cell: (979) 218 2406 
e-mail: rgray@tfs.tamu.edu

 

Traci Weaver, UWI Specialist/Public Information Officer

Granbury Office 
Office: (817) 579 1847 
Pager: 1 800 299 4099, ID # 3843 
Cell: (979) 218 3035 
e-mail: tweaver@tfs.tamu.edu

   

Robbie Curles, Mitigation/Suppression Specialist

Bastrop Office 
Office: (512) 321 2467 
Pager: 1 800 299 4099, ID # 4416 
Cell: (979) 268 3770 
e-mail: rcurles@tfs.tamu.edu

 

Jan Fulkerson, UWI Specialist (Neighborhood and 
Community Planning)

Wimberly Office 
Office: (512) 847 7387 
Pager: 1 800 299 4099, ID # 5971 
Cell: (979) 200 1010 
e-mail: jfulkerson@tfs.tamu.edu

   

Karen Kilgore, UWI Specialist (GIS and UWI 
Assessment)

Bastrop Office 
Office: (512) 321 2467 
Cell: (979) 218 3036 
e-mail: kallender@tfs.tamu.edu

 

Mary Leathers, UWI Mitigation Exhibit Specialist

McGregor Office 
Office: (254) 840 9086 
Pager: 1 800 299 4099, ID # 4925 
Cell: (979) 218 3030 
e-mail: mleathers@tfs.tamu.edu

   

Lexi Maxwell, UWI Specialist (Information and 
Education)

Bastrop Office 
Office: (512) 321 2467 
Pager: 1 800 299 4099, ID # 0256 
Cell: (979) 220 0787 
e-mail: lmaxwell@tfs.tamu.edu

 

P.J. Pearson, UWI Specialist (Firewise Communities/USA)

Fredricksburg Office 
Office: (830) 997 5426 
Pager: 1 800 299 4099, ID # 4419 
Cell: (979) 220 1217 
e-mail: ppearson@tfs.tamu.edu

   

Justice Jones, East Texas UWI Coordinator

Conroe Office 
Office: (936) 273 2261 
Pager: 1 800 299 4099, ID # 1086 
Cell: (936) 546 8042 
e-mail: jjjones@tfs.tamu.edu

 

Lee McNeely, Regional UWI Coordinator

Linden Office 
Office: (903) 665 7400 
Pager: 1 800 299 4099, ID # 0064 
Cell: (936) 546 315614 
e-mail: lmcneely@tfs.tamu.edu

   

 

http://txforestservice.tamu.edu/main/popup.aspx?id=1615 (1 of 2) [2/5/2008 9:36:00 AM]
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Texas Forest Service

Karen Stafford, Regional UWI Coordinator

Woodville Office 
Office: (409) 331 9030 
Pager: 1 800 299 4099, ID # 1371 
Cell: (936) 545 6991 
e-mail: kstafford@tfs.tamu.edu

 

Jeff Lester, Regional UWI Coordinator

Conroe Office 
Office: (936) 273 2261 
Pager: 1 800 299 4099, ID # 4562 
Cell: (936) 544 0964 
e-mail: jlester@tfs.tamu.edu

   

Jan Amen, Public Information Officer

Lufkin Office 
Office: (936) 639 8105 
Cell: (936) 546 1004 
e-mail: jamen@tfs.tamu.edu

 

Mahlon Hammetter, Public Information Officer

Lufkin Office 
Office: (936) 639 8162 
Cell: (936) 546 1895 
e-mail: mhammetter@tfs.tamu.edu

http://txforestservice.tamu.edu/main/popup.aspx?id=1615 (2 of 2) [2/5/2008 9:36:00 AM]
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TEXAS REGIONAL FIRE COORDINATORS 

[ Print |  Close  ] 

Texas Regional Fire Coordinators: 
  

 Region Coordinator Office Phone Cell Phone 
Abilene Shawn Whitley (325) 676 5827 (936) 545 7184 
Bastrop Rich Gray (512) 321 2467 (979) 218 2406 
Canyon Shane Brown (806) 651 3473 (979) 220 1540 

Childress  Richard Gibbs (940) 937 2286 (979) 220 0577 
Conroe Ricky Holbrook (936) 327 4832 (936) 546 3094 

Fort Stockton  Bill Davis (915) 336 7290 (979) 218 2300 
Fredericksburg David Hamrick (830) 997 5426 (979) 220 0756 

Granbury Nick Harrison (817) 579 5772 (979) 218 2408 
Greenville vacant     
Henderson Porter Stanaland (936) 564 9276 (936) 546 1968 
Kingsville Stephen Rex (361) 595 5118 (979) 324 0912 

La Grange  Bob Scheel (979) 968 5555 (979) 248 2407 
Linden Alan Pruitt (903) 734 3504 (936) 546 1915 

Lubbock Shane Brown (806) 651 3473 (979) 220 1540 
McGregor Jason Keiningham (254) 840 9086 (979) 218 3108 

San Angelo Shane Crimm (325) 944 0065 (979) 218 2405 
San Antonio  Lon Patterson (210) 532 5536 (979) 220 0522 

Woodville Ricky Holbrook (936) 327 4832 (936) 546 3094 

West Texas  Paul Hannemann, Chief (830) 997 5426 
(979) 458 7344 (979) 218 2401 

West Texas  Les Rogers, Asst. Chief (325) 676 5827 (979) 218 2403 
Central Texas  Marty Martinez, Asst. Chief (361) 595 5118 (979) 218 2404 

East Texas  Bill Rose, Chief (936) 875 4400 
(903) 586 7545 (936) 546 1768 

Page 1 of 1Texas Forest Service

3/5/2008http://txforestservice.tamu.edu/main/popup.aspx?id=1895
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Abilene - Shawn Whitley

Bastrop - Rich Gray
Canyon - Shane Brown

Conroe - Ricky Holbrook

Fort Stockton - Bill Davis
Fredericksburg - David Hamrick
Granbury - Nick Harrison
Greenville - Vacant

Henderson - Porter Stanaland
Kingsville - Stephen Rex
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Linden - Alan Pruitt
Lubbock - Shane Brown

Childress - Richard Gibbs

McGregor - Jason Keiningham
San Angelo - Shane Crimm
San Antonio - Lon Patterson
Woodville - Ricky Holbrook 
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Using Population Density from Landscan
Intermix was defined as 26-100 people per square kilometer
Interface was defined as 101-500 people per square kilometer
Urban was defined as 500 or more people per square kilometer

Texas UWI Communities at Risk map is DESCRIPTIVE, not PREDICTIVE.
The map offers a spatial analysis of communities at risk to wildland fires

based on population density and fuel types in and around the communities

Produced by UWI Division of Texas Forest Service
K. Kilgore - UWI/GIS Specialist (512) 321-2467
No reproduction is allowed without consent

Texas UWI Communities at Risk

1372 Communities at Risk
Total Acres: 4,294,014 
Total Square Miles: 6,709.39

Densities and Fuels Calculations
Urban Population - Moderate Hazard Fuel

Intermix Population - Moderate Hazard Fuel

Interface Population - Moderate Hazard Fuel

Urban Population - High Hazard Fuel

Intermix Population - High Hazard Fuel

Interface Population - High Hazard Fuel
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Managing  
Smoke at the  
Wildland-Urban  
Interface  

Dale Wade and Hugh Mobley

Abstract

When prescribed burning is conducted at the wildland-urban interface (WUI),

the smoke that is produced can sometimes inconvenience people, but it can

also cause more serious health and safety problems. The public is unlikely to 

continue to tolerate the use of prescribed fire, regardless of the benefits, if burn 

managers cannot keep smoke out of smoke-sensitive areas. In the South, forest 

management organizations commonly require that plans for prescribed burns

pass a smoke screening review and some States require such a review before they 

will authorize a burn. Current screening systems, however, do not incorporate

criteria for use at the WUI. This guide describes modifications to the Southern

Smoke Screening System for burns at the WUI. These modifications couple new 

research findings with the collective experience of burners who have extensively 

used the 1976 Southern Smoke Screening System. This new smoke screening

system is designed for use on burns less than 50 acres in size and has undergone 

several years of successful field testing in Florida.

Keywords: Fire management, prescribed fire, smoke management, smoke

screening, wildland urban interface.
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1

Managing Smoke at the Wildland-Urban Interface

Introduction

Periodic prescribed fire is an integral part of 

the management of fire-adapted ecosystems,

where it is a requisite to ecosystem health. At 

the wildland-urban interface (WUI), it is also

used to reduce hazardous fuel accumulatitt ons

and to produce recreatitt onal benefits. Fire 

managers would like to conduct these burns 

without alarming nearby residents and without 

having smoke intrude into smoke-sensititt ve 

areas (SSAs), but smoke will likely affect people 

whenever fire occurs at the WUI. Smoke effects 

include increased anxiety because a fire is 

burning nearby, minor nuisances such as ash 

in swimming pools, temporary inconveniences

such as disrupted or detoured traffic flow, and

potentitt ally serious public health and safety issues

such as aggravatitt on of respiratory aliments and

reductitt on of roadway visibility. Smoke consists 

of a great many combustitt on products, some of 

which are designated as pollutants and, as such,

are regulated by various Federal and State statutes 

(see appendix A). Readers desiring an indepth

discussion of air quality regulatitt ons and the

pollutitt on caused by fire are referred to Hardy and 

others (2001) and Sandberg and others (2002). 

The three general strategies used to manage 
smoke from prescribed burns, including those
at the WUI are: (1) avoid SSAs, (2) disperse and
dilute smoke before it reaches SSAs, and (3) 
reduce productit on of undesirable combustit on
products. Managing smoke at the WUI is one of 

the most difficult tasks a burn manager faces. ff

This is because SSAs are within or adjacent to
the burn rather than some distance away. Smoke

intrusions into SSAs cause the vast majority of 

public complaints related to prescribed burning

at the WUI. If prescribed fire is to contitt nue to be 

a viable resource management optitt on, we must 

make sure the public understands that fire is

necessary to perpetuate fire-adapted ecosystems 

and that attemptitt ng to exclude this natural force 

has untenable long-term consequences. If the

public recognizes the dramatitt cally different 

long-term outcomes between these two fire

management strategies, and burn managers 

demonstrate they can skillfully and safely apply 

fire, the public is likely to allow the contitt nued use

of prescribed fire. 

The purpose of this publicatitt on is to build upon

the knowledge of experienced prescribed burners

by describing tools that have proven helpful in

reducing smoke problems . For the purposes 

of this publicatitt on we define “experienced” 

prescribed burners as those who have completed

the Florida Interagency Basic Prescribed Fire 

Course or its equivalent. Users of this guide are 

encouraged to review the slide presentatitt on for 

the smoke management unit of that course by 

going to the Florida Division of Forestry Web site 

http://www.fl-dof.com/ wildfire/rx_training.html 

and clicking on “Chapter 6: Smoke Management.” 

Alabama also has an excellent smoke management 

Web sWW ite; to access it, go to www.pfmt.org/fire and 

click on “Fire Management.”

Smoke management basics are briefly reviewed 

below and tools to help manage smoke at the

WUI are discussed. A major modificatitt on of the 

Southern Smoke Screening System is introduced,

which can help minimize the likelihood of smoke

problems when burning in the WUI. This smoke 

screening system for use at the WUI has been 

successfully used for the past 3 years by graduates

of an advanced Florida fire management training

course. Concepts to keep in mind and important 

rules for reducing smoke impacts are reviewed in

appendix B. A list of suggested reading for those 

interested in a more detailed treatment of various 

smoke related topics is provided in appendix C. 
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Smoke Management Basics

The key to the effectitt ve use of prescriptitt on 

fire is to combine appropriate firing techniques 

and ignititt on patterns with favorable weather and

fuel moisture condititt ons to produce the desired 

fire intensity and severity, which will, in turn,

achieve the burn objectitt ves. The prescriptitt on

should, however, also consider offsite effects 

caused by the byproducts of combustitt on. Smoke 

management concerns usually override all other 

aspects of prescribed fire planning when burning

at the WUI because of the proximity of SSAs.

The amount of smoke that will be generated by 

flaming and residual combustitt on, coupled with the

distance to SSAs, will dictate acceptable burning 

condititt ons and ignititt on plans. Manipulatitt on of fuel

moisture, wind directitt on, firing technique, and 

ignititt on pattern can usually, but not always, result 

in an acceptable prescriptitt on.

Smoke Production and Significance

The primary components of wildland fire

combustitt on are water vapor and carbon dioxide,

especially during the flaming phase when 

combustitt on is most efficient. Combustitt on is much

less efficient during the smoldering and residual 

phases and this inefficiency results in increased

partitt culate emissions (at least double those 

produced during flaming combustitt on). Partitt culate

emissions are usually the pollutant of concern in

wildland fires because of their impact on visibility 

and human health. Because most partitt culates are

very small, they:

• Absorb and scatter lAA ight which washes

out contrast and decreases visibility

• Act as nuclei to facilitate the formation  

of fog

• Remain suspended in the atmosphere for 

relatively long periods

• Enter deep into human airways where 

they exacerbate respiratory problems

The amount of smoke produced is directly 

related to the amount of fuel consumed; when fuel 

consumptitt on is doubled, the amount of smoke

produced will roughly double, assuming other 

factors remain constant. Fuel moisture is the

most important determinant of the proportitt on 

of the total fuel load that will be available during 

a partitt cular combustitt on phase. As fuel moisture

increases, more heat energy has to be used

to convert the moisture to steam; this slows 

the combustitt on process and increases smoke 

productitt on because more of the fuel will be

consumed during the residual and smoldering

phases. The combustitt on of damp fuels generates

smoke that contains a large amount of water vapor, 

which, although not a pollutant, has a substantitt al 

adverse affect on visibility. Remember that live 

green fuels and damp fuels, whether live or dead,

will significantly increase the amount of moisture

in smoke. Burning when fine fuel moisture is

fairly low is recommended because less energy is

needed to drive off moisture, which means: 

• More heat energy is available to preheat 

additional fuels

• Fuels reach ignition temperature quicker

• More fuel is available

• Combustion efficiency is increased

• Rate of spread and flame length increase

resulting in higher fire line intensity

• More of the emissions will be entrained 

into the smoke plume

• The plume will be lofted higher into 

the atmosphere

The shape, size, arrangement, stage of 

decomposititt on, and chemistry of fuel partitt cles all

influence the proportitt on of the total fuel bed that 

will be available, as well as combustitt on efficiency, 

which in turn influences smoke productitt on. A 

discussion of fuels can be found on the Florida 

Division of Forestry prescribed fire training and 

educatitt on Web site at http://www.fl-dof.com/

wildfire/rx_training.html. Click on “Chapter 8: 

Fire Behavior.”
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Firing Technique

Backing fires have the highest combustitt on 

efficiency because the flaming front progresses

through the fuel bed relatitt vely slowly, allowing 

more complete oxidatitt on of the fuel and, thus,

fewer intermediate products such as volatitt le

organic hydrocarbons, oxides of nitrogen, and

other gaseous emissions of concern. Backing 

fires generally consume about the same

proportitt on of the forest floor as do heading fires, 

but in backing fires most of the available fuel is

consumed in the flaming front so smoldering after 

the front has passed is substantitt ally reduced. This

significantly decreases the amount of partitt culate

matter generated. 

Even though headfires are characterized by 

incomplete combustitt on, they stitt ll produce only 

about half as much partitt culate matter as does

smoldering combustitt on. A typical headfire in 

southern rough consumes about 60 percent of 

the available fuel in the flaming phase and 40 

percent in the smoldering and residual phases 

(Southern Forest Fire Laboratory Staff 1976). 

The bottom line is that headfires produce about 

three titt mes as much partitt culate matter as backing 

fires. Backing fires have two major drawbacks 

from a smoke management standpoint. Firstly 

they take more titt me than other firing techniques

to cover a given area, which means smoke will

be produced over a longer titt me period. Secondly,

when the distance between upwind and downwind

control lines exceeds about 300 feet, less of the

area will be burned during the middle of the

day when atmospheric dispersion is normally 

best. For these reasons, the increased intensity 

of spot fires or a flanking fire is often accepted 

whenever prudent even though more smoke will

be produced, because the smoke will be generated 

over a shorter titt me span and be lofted higher 

into the atmosphere. The only caveat here is that 

increased fire line intensity may involve more 

of the understory, which will result in addititt onal 

emissions. As the age of rough increases, the

proportitt on of the available dead fuel consumed

in the flaming front typically decreases; this has 

important implicatitt ons when burning at the WUI

where fuel loads are usually very high.

Smoke Transport and Dispersion

Explanatitt on of two terms will facilitate 

discussion of atmospheric stability and its

influence over smoke transport and dispersion. 

Mixing height (MH) is the height to which 

vigorous mixing due to convectitt on occurs and is

a good indicator of the approximate maximum 

height to which smoke from a low-intensity 

fire can rise. More intense fires, however, can 

loft smoke above the mixed layer because it is

the temperature of a smoke parcel relatitt ve to

the environmental temperature that actually 

determines how high the smoke will rise. As

a general rule, do not burn at the WUI unless 

the MH is at least 1,700 feet. MH becomes 

less important when very small acreages of 

short grasses (small quantitt ty of available fuel) 

are involved, but if the 1,700-foot minimum is 

violated and a smoke problem occurs, the burner 

will be held responsible. On the other hand, 

very intense fires that quickly consume a large

amount of fuel can generate enough smoke to

exceed the capacity of the air to disperse the 

smoke efficiently, resultitt ng in reduced visibility 

at ground level. When burning heavy fuel 

loads, such as those created when harvestitt ng 

old-growth stands where much of the material 

is unmerchantable and thus left on site or by 

natural events such as high winds or severe pest 

infestatitt ons, increasing the MH will help mititt gate

potentitt al smoke problems. MH is part of the daily 

fire weather forecast in many Southern States.

Transport wind velocity (TWV) is another 

atmospheric parameter given in the daily forecast 

issued by many State forestry agencies. TWV is 

the average horizontal wind speed and directitt on 

from the surface up to the MH and should be 

at least 9 miles per hour (mph) when burning 

is conducted at the WUI. Wind speed is usually 
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greatest in the afternoon and increases with 

height. This means that as long as surface winds

are at least 9 mph, transport winds should be 

adequate. Keep in mind that it is possible for the 

wind directitt on to vary within the mixed layer, so 

the directitt on that smoke will be carried depends 

upon the height that is reached by the plume. 

Atmospheric stability indicates how rapidly 

vertitt cal mixing is taking place in the atmosphere.

The more unstable the atmosphere, the quicker 

and higher the smoke can rise. When burning 

takes place under marginally unstable condititt ons, 

the smoke plume may drop back to ground

level miles downwind even though the plume

was inititt ally lifted well into the atmosphere by 

the heat of the fire. Atmospheric instability 

normally peaks during the afternoon due to

solar heatitt ng of the Earth’s surface and ebbs at 

night as the surface cools. One can bypass the 

task of estitt matitt ng stability on a given day by 

using the Dispersion Index (DI) developed by 

Lee Lavdas (Lavdas 1986) which is part of the

daily fire weather forecast in many Southern 

States. This numerical index provides an estitt mate 

of the atmosphere’s ability to disperse smoke 

and is conceptually similar to the Ventitt latitt on 

Index but should be a better predictor of smoke 

dispersion (Lavdas 1986). A doubling of the DI 

implies a doubling of the atmosphere’s capacity 

to disperse smoke. The DI can be computed 

for any titt me period. Daytitt me and nighttitt me DI 

numbers are interpreted differently because

different stability classes are used in calculatitt ng

the estitt mate. For example, a daytitt me DI of 40 is

the commonly accepted threshold for conductitt ng

daytitt me burns. Nighttitt me values are, on the other 

hand, typically very low so a nighttitt me DI of 12 

suggests unusually good dispersion, whereas a 

daytitt me value of 12 would be interpreted as poor.

Fire managers also want to know the likelihood 

of reduced nighttitt me visibility when smoke 

mixes with higher nighttitt me relatitt ve humidititt es.

Use of the Low Visibility Occurrence RiRR sk Index 

(LVORI) (Lavdas 1996) in conjunctitt on with the DI

provides them with such a predictor. Both of these

tools are described below.

A more indepth discussion of meteorological

variables that affect emissions can be found by 

going to the Florida Division of Forestry Web site

at http://www.fl-dof.com/wildfire/rx_training.

html and clicking on “Chapter 7: Fire Weather.”

Both Florida and Georgia have full-titt me fire

meteorologists on their forest protectitt on staffs;

these meteorologists can answer weather-related 

questitt ons and, upon request, provide a titt mely spot 

weather forecast for your intended burn unit.

Residual Smoke

Smoke produced after the flame front passes 

is a major concern when burns are conducted

at the WUI. Where dead fuel loads are heavy, 

partitt cularly when a heavy duff layer and/or 

numerous partitt ally decayed logs are present, 

smoldering can contitt nue for days, resultitt ng in

overstory tree mortality (from root damage) as 

well as significant smoke problems. This residual 

smoke remains near the ground where it is moved 

by eye-level wind flow (not to be confused with 20-

foot surface winds). As the ground cools at night, 

much of this smoke will move down-drainage 

where it can reduce visibility to near zero 

at bridges.

Extensive study of archived wind data and 

field studies conducted by Southern Forest Fire 

Laboratory staff showed that in Southern States, 

winds are likely to blow from every directitt on at 

some point in titt me on any given night. For this 

reason, WUI burn prescriptitt ons usually include 

more stringent mopup standards, often specifying

mopup at least several hundred feet in from 

all edges. 

A guideline used by some fire managers who

routitt nely burn adjacent to homes in Florida is 

to allow a 12-person crew 12 hours to burn and 

completely mop up a 5-acre unit in a 5-plus year 

palmetto/gallberry rough once the prep work has 
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Table 1—Lavdas Dispersion Index,a revised on the basis of extensive use by field practitioners

Lavdas 
Dispersion 
Index

Smoke 
dispersion Interpretation of daytime values

70 + BurVery good ning condititt ons are so good that fires generally present control 
problems. Reassess decision to burn unless escape, partitt cularly as a 
result of spottitt ng, is not a problem, e.g., burn unit is surrounded by 
plowed fields. DI is generally too high for a WUI burn.

50–69 Good Preferred range for prescriptitt on burns, but fire control becomes
more difficult as values get higher.

41–49 Generally 
good

Especially when the planned burn is smaller than 50 acres. Afternoon
values in most inland forested areas typically reach this range.

Reassess decision to burn at WUI if daytitt me DI < 41

21–40 Fair Stagnatitt on may be indicated if DI is in this range and windspeed is 
low. Reassess decision to burn, especially if heavy rough or large 
dead fuels are present, or unit is larger than 15 acres.

Below 20 Poor to
very poor

Do not burn at the WUI.

DI = Dispersion Index; WUI = wildland-urban interface.
a Lavdas (1986).

Managing Smoke at the Wildland-Urban Interface

been completed. They have found that for units

up to at least 25 acres in size, the total amount of 

titt me they spend burning and mopping up will be 

about the same whether they burn the whole unit 

in 1 day and come back several days in a row to 

handle smoke complaints, or whether they break 

the block into roughly 5-acre blocks and burn 

and completely mop up one each day with no

complaints. Water-and-foam is often the method of 

choice for mopup at the WUI, and use of smaller 

burn units facilitates reaching all parts of the burn.  

Florida statutes allow authorized fires to

actitt vely spread between 0900 and 1 hour before 

sunset (1 hour after sunset for certitt fied burners),

and under certain weather condititt ons, a burn 

authorizatitt on can be obtained for a nighttitt me

burn. We recommend that all burns at the WUI be 

started as soon after 0900 as condititt ons warrant 

so they can be completed early enough to allow 

sufficient titt me for mopup before sunset. Nighttitt me 

burns at the WUI should only be considered

immediately after passage of a cold front, when 

the lower ambient temperatures will help 

minimize overstory crown scorch, and only 

when the predicted wind velocity will not result in 

other fire or smoke management concerns. 

Tools

Many models and tools have been developed 

to aid in managing smoke and addititt onal ones 

are under development. A discussion of available 

and emerging tools can be found in Sandberg and 

others (2002) and at http://www.fire.org/. Tools

introduced or reviewed in this publicatitt on include:

• The DI for assessing the atmosphere’s

capacity to disperse a smoke plume

• The LVORI for assessing the likelihood

of a vehicle accident caused by poor 

visibility resulting from residual smoke

• A smoke screening system for managing

smoke at the WUI

Lavdas Dispersion Index (DI)

The relatitt on of the DI to burning condititt ons 

is shown in table 1. The DI is part of the 
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Table 2—Description of Low Visibility Occurence Risk Index (LVORI) values

LVORI
values Description

1 Lowest proportitt on of accidents with smoke and/or fog reported (130 of 127,604 
accidents, or just over 0.0010 of all accidents)

2 Physical or statitt stitt cal reasons for not including in LVORI class 1, but proportitt on of 
accidents not significantly higher

3 Higher proportitt on of accidents than LVORI class 1, by about 30 to 50 percent, marginal 
significance (between 1 and 5 percent)

4 Proportitt on of accidents significantly higher than LVORI class 1 (by a factor of about 2)

5 Proportitt on of accidents significantly higher than LVORI class 1 (by a factor of 3 to 10)

6 Proportitt on of accidents significantly higher than LVORI class 1 (by a factor of 10 to 20)

7 Proportitt on of accidents significantly higher than LVORI class 1 (by a factor of 20 to 40)

8 Proportitt on of accidents significantly higher than LVORI class 1 (by a factor of 40 to 75)

9 Proportitt on of accidents significantly higher than LVORI class 1 (by a factor of 75 to 125)

10 Proportitt on of accidents significantly higher than LVORI class 1 (by a factor of about 150)

Gen. Tech. Rep. SRS–103

daily fire weather forecast produced by many 

Southern States. 

Low Visibility Occurrence Risk 
Index (LVORI)

The LVORI (Lavdas 1996) shown in table 2

was developed to rank the relatitt ve likelihood

of a fog and/or smoke-related accident on the 

southern Coastal Plain. LVORI is a functitt on of 

relatitt ve humidity and the DI (table 3) based on 

the proportitt on of accidents involving fog and/or 

smoke, as reported by the Florida Highway Patrol

from 1979–81. The LVORI is a scale from 1 to 10 

with 1 indicatitt ng a low likelihood of poor visibility 

and 10 indicatitt ng an extremely high likelihood 

of poor visibility. The LVORI is a valuable tool

for assessing the probability of low visibility in 

down-drainage areas at night or under stable 

atmospheric condititt ons. Cautitt on should be used

when contemplatitt ng WUI burns with a LVORI

of 5 or higher, and WUI burns should not be 

conducted when the LVORI is predicted to be 7

or higher unless the fire will be completely 

mopped up (out—no smokes) by dusk. 

Southern Smoke Screening Systems

Smoke management at the WUI is one of the

most difficult parts of the burn prescriptitt on to

prepare because SSAs often occur within a short 

distance on all sides of the intended burn unit. 

There will not be enough informatitt on available

in the foreseeable future, nor can a burning 

prescriptitt on integrate all the variables necessary,

to predict how much the visibility will be reduced 

at a given distance from a burn, or the effects it 

could have on human health and welfare. In fact,

many of the interactitt ons between these variables

are not yet well understood. Nevertheless, most 

Southern States have voluntary or mandatory 

smoke management guidelines that should or 

must be followed when planning a prescribed fire.

Many Southern State forestry agencies have Web

sites that provide recommended and/or required

procedures. State forestry Web sites can be

accessed through the Natitt onal Associatitt on of State 

Foresters Web site at www.stateforesters.org/.
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Table 3—Low Visibility Occurrence Risk Index (stable conditions such as at night)

Relative
humidity

Dispersion Index

> 40 40–31 30–26 25–17 16–13 12–11 10–9 8–7 6–5 4–3 2 1

< 55 1 1 2 2 2 2 2 2 2 2 2 2

55–59 1 1 2 2 2 2 2 3 3 3 3 3

60–64 1 1 2 2 2 2 3 3 3 3 3 3

65–69 1 3 3 3 3 3 3 3 3 3 3 4

70–74 3 3 3 3 3 3 3 3 3 3 3 4

75–79 3 3 3 3 4 4 4 4 4 4 4 4

80–82 3 3 3 3 4 4 4 4 4 5 5 6

83–85 4 4 4 4 4 4 4 4 5 5 5 6

86–88 4 4 4 4 4 5 5 5 5 6 6 6

89–91 4 4 4 4 5 5 5 5 6 6 7 7

92–94 4 4 4 5 5 5 6 6 6 6 7 8

95–97 4 4 4 5 5 6 6 6 7 8 8 9

> 97 4 4 4 5 5 7 8 8 9 9 10 10

Managing Smoke at the Wildland-Urban Interface

Few WUI prescribed fire projects can pass

any smoke screening system now in use, but 

prescribed burning is necessary to perpetuate fire-

dependent plant communititt es in the WUI. For this

reason, the Southern Smoke Screening System 

(Southern Forest Fire Laboratory Staff 1976) 

has been modified to facilitate successful smoke 

management when burning is conducted at the 

WUI. The new system, the WUI Smoke Screening 

System, is described herein. It is based largely on 

extensive fieldwork conducted by Hugh Mobley, 

which he used to modify the original version of the

Southern Forestry Smoke Management Guide.

(To see the guide as modified by Mobley, go to 

www.pfmt.org/fire, click on “Fire Management,”

then click on “Smoke Management.”) Dale Wade 

further modified the Southern Forestry Smoke

Management Guide; the resultitt ng WUI Smoke 

Screening System is intended specifically for WUI

burns smaller than 50 acres. 

For larger units, the original screening 

system found in The Southern Forestry Smoke

Management Guidebook (Southern Forest Fire

Laboratory Staff 1976) should be used. It can be 

found on the Web at http://www.srs. us.usda.

gov/pubs/viewpub.jsp?index=683. If the intended

burn does not pass that system, consider breaking 

it into smaller units and using the WUI Smoke

Screening System.

The latter system is straightforward and is

designed for use in the inititt al planning phase as

part of the written burn prescriptitt on. It should 

also be used just before the burn to suggest 

alternatitt ves when weather condititt ons are not as 

described in the plan. This system should not 

be used without a working knowledge of fire 

behavior and smoke management. The better 

one’s understanding of the factors that affect 

smoke, the more fully and safely one will be able

to interpret the results provided by this WUI

screening system. Both smoke screening systems

utitt lize many, but not all, of the major variables 

that affect smoke. Values are based on “worst 

average” weather and fuel condititt ons and worst 

case events. In some cases, indices are based on

very limited research and field verificatitt on. The 

total amount and rate at which smoke will be 

produced are crucial elements in developing a 

burn prescriptitt on, but are at best only indirectly 

addressed in current smoke screening systems

(including this one). For example, the effects of 

fuel loading by size class, fuel moisture, and fuel
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compactitt on on smoke productitt on have only been 

studied on a very coarse scale. Therefore, current 

smoke screening systems can only suggest 

whether a smoke problem is likely, marginally 

likely, or not likely. They are a startitt ng place to get 

a feel for managing smoke.

The burn manager must make the final

decision. Experience and knowledge must be 

coupled with familiarity with the locale so the 

burn manager can judge whether the burn in

questitt on is likely to cause a smoke intrusion given

the weather condititt ons and firing techniques 

spelled out in the burn prescriptitt on. The more

experienced and knowledgeable that person is 

about prescriptitt on fire and smoke management,

the better the decision will be.

Smoke and Nighttime Burns

As a general rule, nighttitt me burns should 

not be conducted in the WUI. The nighttitt me 

atmosphere is usually stable, surface winds are

near calm and the directitt on of light breezes is

generally variable and difficult to predict, fine fuel 

moisture content is higher, and inversions are 

common. More combustitt on products, partitt cularly 

water vapor, are thus produced and plume rise is

limited, so the smoke tends to remain much closer 

to the ground where it reduces visibility, especially 

when combined with fog. Nonetheless, nighttitt me

burns are sometitt mes advocated, e.g., in young

pine stands because ambient temperature tends to

be lower at night. If such a situatitt on arises at the 

WUI, a nighttitt me burn should only be considered

when the weather forecast predicts steady winds

lastitt ng all night. Such condititt ons are usually 

associated with passage of a cold front. The fire 

and smoke should be monitored contitt nuously 

and a tractor-plow unit should be onsite so that 

the burn can be terminated if necessary. Have

lighted “smoke” signs available and make sure 

local law enforcement personnel are alerted. A 

nighttitt me DI forecast can be obtained in Florida, 

Georgia, and several other Southern States. 

Interpretatitt on of nighttitt me DI is entitt rely different 

from interpretatitt on of daytitt me DI. At night a value 

of 8 or higher is generally acceptable (in selected

rural areas of Florida, a nighttitt me DI value of 3 is

permissible). Note that the WUI Smoke Screening 

System detailed below is not applt icable for 

nighttitt me burns.

Gaining Experience in Smoke Management

To increase your understanding of how much

smoke is produced and what happens to it in

various plant communititt es under different 

weather and topographic condititt ons we suggest 

the following:

• Observe—Observe and document the

production, transport, and dispersion of 

smoke on prescribed burns, even when 

no SSAs are identified. Check downwind 

and down-drainage to observe the smoke 

during the day, at dusk, before midnight,

and at dawn the next morning. Document 

the distance to which the smoke is

a visibility problem. Include all the

above information in your written burn

evaluation. This information can be used

later when burns are conducted in the

same fuel type under the same general

conditions and you have SSAs to consider.

• At dusk—Always check your burn for AA

smoke at dusk. If there is residual smoke, 

monitor all night unless there is very 

little, in which case, check again just 

before daylight the next morning.

• Fog-prone areas—Learn where and at FF

what time fog generally occurs in your 

area. Locate and mark fog-prone areas on

your administrative map.
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When developing a burn prescriptitt on, check to

see if the smoke plume might reach a fog-prone 

area. If the plume will likely reach such an area,

make sure photos are taken to document the burn

and smoke dispersion. If fog forms in the potentitt al 

impact area the evening after a burn, monitor all

roads in the area throughout the night. Be aware

that condititt ons can deteriorate from relatitt vely 

good visibility to zero visibility within a matter of 

minutes. Consider developing a smoke patrol plan

with thresholds for specified levels of actitt vatitt on; 

Bill Twomey developed such a plan for the Francis

Marion Natitt onal Forest in South Carolina in the 

1990s and has found it very useful. 

The WUI Smoke Screening System includes

estitt mates of minimum distances that burns 

should be from SSAs to minimize the impacts of 

smoke on these SSAs. Because data are limited,

the WUI Smoke Screening System tends to be 

conservatitt ve. For example, prescribed burns 

may be smaller in size, or for some other reason

produce less smoke than the system suggests. If 

you take the titt me to record and catalog the smoke

results of your WUI burns, this accumulatitt ng data 

will allow better estitt matitt on of potentitt al impacts of 

smoke on SSAs in your area.

If following any of the guidelines in the WUI 

Smoke Screening System results in smoke

intrusion into an SSA, mititt gate the intrusion and 

then please do all the following:

• Estimate the downwind extent of  

the problem

• Try to determTT ine the exact cause of  

the problem

• Think about how you can adjust 

the screening system so it will not 

happen again

• Notify others of the problem you 

encountered, e.g., your local fire 

council, and get word back to Scott 

Goodrick with the Southern Research

Station, Disturbance Work Unit, Smoke

Management Team located in Athens, GA 

(http://www.srs.fs.fed. us/smoke)

The Wildland-Urban Interface  

Smoke Screening System

This system has five steps. Figure 1  

diagrams the process.

• Step 1—Plot distance and direction 

of probable smoke plume and 

residual smoke

• Step 2—Identify SSAs

• Step 3—Deal with SSAs within the first 

one-fourth of the downwind and down-

drainage impact distance

• Step 4—Deal with SSAs within the last 

three-fourths of the downwind and down-

drainage impact distance

• Step 5—Interpret screening system 

results

Step 1—Plot Distance and Direction  
of Probable Smoke Plume

Step 1A

Use a map on which the locatitt ons of all SSAs

can be identitt fied and plot the footprint of the

planned burn. Then draw another line around the

burn 500 feet out from the edge of the burn area.

This 500-foot buffer zone indicates the minimum 

area that is likely to be impacted regardless of 

wind directitt on. If the intended burn unit is larger 

than 50 acres, divide it into subunits that are less 

than 50 acres in size. Go to step 1B. 
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igure 1—Flowchart of the Wildland-Urban Interface Smoke Screening System.
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Table 4—Greatest distance of probable smoke impact from burns smaller than 50 acres

Dispersion Index

41–50 51–60 61–70

Fuel category Firing technique Impact distance in miles

Grass, lA ight understory (< 2-year 
rough) with no humus layer

Any firing technique 0.75 0.5 0.25

B Nonwoody marsh fuels—rush, 
cattail, or sawgrass

Any firing technique 1.5 1.25 1

Palmetto/gallberry or waxmyrtle C
understory regardless of height

Backing fire 1.25 1 0.75

D
a b

Palmetto/gallberry or waxmyrtle 
understory regardless of height

Head, flank,  
or spot fires

4 3 2

Any other natE itt ve understory fuel
type regardless of height

Backing fire 1 0.75 0.5

F Any other natitt ve understory fuel
type under 3 feet high

Head, flank, 
or spot fires

1.5 1 0.75

Any other natG itt ve understory fuel
type over 3 feet high

Head, flank. 
or spot fires

2 1.5 1

H
a b

Melaleuca Backing, flank, 
or spot fires

3 2 1

ExotI itt c fuelbeds such as Casuarina 
without much understory 

Any firing technique 2.5 2 1.5

J
a

Scattered logging debris Any firing technique 2.5 1.5 1

K
a

KK Small dry piles Any firing technique 3 2 1.5

L
c

Large, wet, piled debris 
or windrows

Using any firing 
technique

Do not burn

a Firing should be completed at least 2 hours before sunset because dispersion will rapidly deteriorate at dusk. 
b LiLL ne headfires in 4- to 5-foot high palmetto, gallberry, waxmyrtle, or Melaleuca are very likely to result in 
severe overstory crown scorch.
c Windrows are the most pollutitt ng of all southern fuel types. They contain large fuels and dirt, and are compact 
which makes them very slow to dry and severely limits the amount of oxygen available for the combustitt on 
process. Dirt in piles or windrows will drastitt cally increase the amount of smoke produced, and debris piles 
containing substantitt al amounts of dirt can smolder for weeks. To pass this screening system, any large piles of 
debris or windrows will have to be reconfigured into small round piles and allowed to dry with stumps removed 
or fireproofed.

Managing Smoke at the Wildland-Urban Interface

Step 1B

Choose the DI under which you plan to burn. 

Lower DIs (< 41) are not recommended because 

of poor smoke dispersion and DIs above 70 are 

not recommended because of the likelihood of 

fire control problems. Note that in Florida, the DI 

threshold for red-flag condititt ons is 75. Consider 

the DI chosen to be a tentatitt ve selectitt on at this 

point. Go to Table 4 and use the tentatitt vely 

selected DI to determine the maximum distance

to which smoke is likely to be a problem based 

on the fuel category and firing technique chosen.

Visible smoke may be present for this distance, 

although smoke can be smelled at much greater 

distances. Go to step 1C. 
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Step 1C

Draw a line representitt ng the centerline of 

the planned path of the smoke plume (transport 

wind directitt on) from the burn. Draw this line 

for the length of the impact distance determined

from table 4. To allow for horizontal dispersion of 

smoke as well as shifts in wind directitt on, draw two 

addititt onal lines out the same distance from the

burn unit at 30-degree angles from the centerline

of the transport wind directitt on. Connect the ends 

of the lines with arcs as in figures 2 and 3. Note 

that the transport wind directitt on and surface 

wind directitt on may differ on the day of the burn, 

e.g., if a seabreeze is present. In this case, plan 

for the change in smoke plume directitt on. When

burning on a seabreeze, keep in mind that once 

the smoke plume is over water, it will likely drop 

to the surface and be blown back inland; the firing 

technique and pattern used should, thus, assure

that the plume has dissipated by the titt me it might 

be blown back across the shoreline so that people 

will not be adversely impacted. When rechecking

winds on the day of the burn, if forecast or actual

surface winds are light (< 5 mph), replot the

impact area using 45-degree angles.

If the planned burn is represented as a spot on 

the map you are using, draw as in figure 2 with 

a protractor and straight edge. If the map scale 

allows the burn dimensions to be drawn on the
Figure 2— Plot of the probable smoke impact area when 
a point represents the burn.

Figure 3— Plot of the probable smoke 
impact area when a figure other than a 
point represents the burn.
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map, do so and draw as in figure 3. The result is

the probable daytitt me smoke impact area. The 

heaviest smoke concentratitt on will be along

the centerline. 

Figure 4 shows the applicatitt on of step 1C to

an example area. If the fuels present are grass,

nonwoody marsh fuels, or less than a 2-year rough 

(fuel categories A and B), go to step 2, otherwise

go to step 1D.

Step 1D

Next, go down-drainage the same distance

determined from table 4 in step 1B. Draw a narrow 

area covering only the “bottom” or width of the

drainage area. This area may or may not lie wholly 

within the daytitt me smoke impact area. The result 

is your probable nighttitt me impact area due to the 

residual (smoldering) smoke produced. Note that 

the probable down-drainage nighttitt me smoke 

impact area shown in figure 4 can extend further 

than the distance suggested in table 4 because the

smoke will be concentrated within this relatitt vely 

narrow area and will seek the lowest elevatitt on.

If the smoke encounters heavy vegetatitt on in the

drainage, it will build up at that point. If an open 

area such as a pasture or field is also adjacent to 

the drainage at that point, the smoke will tend to

spill over into this area if the terrain is fairly level.

Figure 4— Plot of probable 
nighttime smoke impact area.
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If your preburn site inspectitt on suggests this  

could happen, monitor that area for smoke buildup

after the burn, especially if an SSA is near the

other end of the open area. Complete step 1D even 

if you plan to have the burn completely mopped 

up (out) at least 2 hours before dusk. Then, if for 

some reason residual smoke is present at dusk, 

you will know where it is likely to concentrate. Go

to step 2.

Step 2—Identify Smoke Sensitive Areas

Step 2A

If the area to be burned contains organic soils 

that are likely to ignite, go to step 5B, otherwise 

go to step 2B.

Step 2B

Identitt fy and mark any SSAs within 500 feet of 

the perimeter of the planned burn, regardless of 

directitt on from the fire as determined in step 1A 

above. Add these to the contact list in your written 

prescriptitt on. Make sure these SSAs are also

discussed in the public relatitt ons sectitt on of your 

prescriptitt on. Go to step 2C.

Step 2C

Identitt fy and list any SSAs located within the

probable downwind impact area determined in 

step 1C. Go to step 2D.

Step 2D

Identitt fy and list any SSAs located within the

down-drainage impact area determined in step 1D. 

Go to step 2E.

Step 2E

If any SSAs were identitt fied in 2B through 2D,

mititt gatitt on is necessary as suggested in steps 3 

and 4. Go to step 3.

If no SSAs are found, as described in steps 2A 

through 2D, then it is not likely you will have a 

smoke management problem. Go to step 5A.

Step 3—Dealing with Smoke Sensitive 
Areas within the 500-foot Buffer and/or
First One-Fourth of the Impact Distance

Step 3A

Consider felling snags. If their retentitt on is

spelled out in the land management plan, follow 

standard procedures to keep them from ignititt ng.

Go to step 3B.

Step 3B

If the predicted or actual LVORI is 7, 8, 9, or 10, 

go to step 5B.

Step 3C

For fuel categories A through I: If any homes

are within the 500-foot buffer, each homeowner 

must be personally contacted and informed that 

his or her home will likely be impacted by smoke. 

The landowner responses, e.g., that there are

severe respiratory problems or fears that homes

will be lost, should guide what actitt ons are taken 

(include in the public relatitt ons plan).

Use the same fuel category selected in step 1B 

(table 4). Fuel category selectitt ons follow:

• Fuel category A or B: Go to step 3D

• Fuel category C, D, E, F, G, H, or I: Go to 

step 3E

• Fuel category J or K: Go to step 3F

Step 3D—Fuel Categories A and B

If no SSAs are within the 500-foot buffer zone

or first one-fourth of the downwind smoke impact 

distance, go to step 4.

If any SSAs are within the buffer zone or first 

one-fourth of the predicted downwind smoke

impact distance, a smoke problem resultitt ng

from the burn is a distitt nct possibility. First,

try changing the prescribed wind directitt on or 

increasing the prescribed DI to minimize the 

number of SSAs that are within the smoke

impact area. 
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If changing the wind directitt on or increasing the 

DI removes all SSAs from the buffer and first one-

fourth of the downwind smoke impact distance,

go to step 4. Otherwise, it is unavoidable that an

SSA will be within the buffer zone or first one-

fourth of the impact distance and mititt gatitt on will

be necessary. Either mop up the burn completely 

(all smokes out) at least 1 hour before sunset or 

complete actitt ve burning at least 3 hours before 

sunset under one or more of the condititt ons listed 

below and mop up untitt l dark:

• DI above 50

• MH above 2,500 feet

• Surface winds < 8 mph and transport 

wind speeds > 15 mph

• If the SSA is a road, mitigate by 

controlling or rerouting traffic during 

the burn

Contitt nue by going to step 4.

Step 3E—Fuel Category C, D, E, F, G, H, or I

If an SSA is within 500 feet of the fire perimeter,

regardless of the directitt on from the fire, divide 

the unit into two or more subunits, the smaller of 

which faces the SSA. An exceptitt on to creatitt on of 

subunits can occur where smoke corridors are

already established by county ordinance.

• The smaller subunit should have a depth 

such that the distance from the closest 

SSA to the back of the subunit is at least 

500 feet on the edge of the burn facing

the SSA. This edge should be delineated 

with a hard (plowed or raked) line or 

drainage ditch containing standing water.

The burn manager may select a shorter 

distance in some specific situations, but 

much caution should be used. If the SSA 

is a road, closing the road during the burn 

removes this distance restriction. If the 

SSAs are homes, all homeowners must 

agree to the reduced distance with the 

full understanding that their residences

could be impacted by drift smoke. In 

some uncommon situations, a Federal 

or State statute such as the Hawkins 

Law in Florida may allow you to ignore

these guidelines, but we urge you to first 

carefully consider the potential public

relations ramifications of such a decision.

• Burn this smaller subunit first toward the 

middle of the day, preferably when steady 

eye-level winds are blowing away from 

the SSA at speeds > 2 mph. If you desire 

to burn this subunit when eye-level winds

are blowing toward the SSAs, consider 

specifying weather conditions and a firing 

technique that will facilitate lofting the

smoke plume over the SSAs.

• If an SSA is down-drainage, make sure 

the subunit can be burned and completely 

mopped up (out) by dusk. This may 

require breaking the subunit into smaller 

(about 5-acre) blocks.

• If the SSA is a road, mitigate either by 

rerouting traffic during the burn or by 

stationing flaggers strategically. Be ready 

to extinguish the fire if necessary.

Once the smaller subunit is burned out, if 

no other SSAs are within 500 feet of the burn, 

address any SSAs within the first one-fourth of the

impact area.

When multitt ple SSAs are within 500 feet of the 

burn unit on more than one side, your optitt ons 

are further constrained. If roads are present,

control traffic flow; if homes are present, contact 

all residents and make sure they understand that 

their residences may be impacted by residual

smoke. As a general rule, a residence should not 

be directly impacted by the plume, or impacted by 

residual smoke throughout the night. If you are 
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not sure that all smoke wl ill be pulled away from

the SSAs as the remaining subunits are burned,

divide the remaining subunits further. 

If no SSAs are within the first one-fourth of the

downwind smoke impact distance, go to step 4.

If any SSAs are within the first one-fourth of 

the downwind smoke impact distance, a smoke 

problem resultitt ng from the burn is a distitt nct 

possibility. Change prescribed wind directitt on or 

increase DI to minimize the number of SSAs that 

lie within the first one-fourth of the downwind 

smoke impact distance. 

If changing the prescribed wind directitt on or 

increasing the DI removes all SSAs from the 

first one-fourth of the downwind smoke impact 

distance impact area, go to step 4. If one or more

SSAs remain within the first one-fourth of the 

impact distance, you must mititt gate the problem. 

Burn and mop up completely (all smokes out)

at least 1 hour before sunset, or complete actitt ve

burning at least 3 hours (2 hours if using a 

backfire as described in the fourth bullet below) 

before sunset under one or more of the condititt ons 

listed below and mop up untitt l dusk.

• DI above 50

• Divide unit into roughly 5-acre blocks and

burn them separately

• Surface winds < 8 mph and transport 

wind speeds above 15 mph

• Use a backing fire and complete burn at 

least 2 hours before sunset. Begin mopup

as soon as practicable after the flame

front has passed.

• MH above 2,500 feet

• Keep stumps from igniting

• If the SSA is a road, mitigate by 

controlling or rerouting traffic during 

the burn

Contitt nue by going to step 4.

Step 3F—Fuel Categories J and K

If any SSAs are within the 500-foot buffer zone, 

go to step 5B. 

If no SSAs are within the first one-fourth of the

downwind smoke impact distance, go to step 4.

If any SSAs are within the first one-fourth of 

the downwind smoke impact distance, a smoke 

problem resultitt ng from the burn is a distitt nct 

possibility. Change prescribed wind directitt on or 

increase DI to minimize the number of SSAs that 

lie within the first one-fourth of the downwind 

smoke impact distance. 

If changing the prescribed wind directitt on or 

increasing the DI removes all SSAs from the 

first one-fourth of the downwind smoke impact 

distance, go to step 4. If an SSA is unavoidable

within the first one-fourth of the impact distance,

you must mititt gate the problem. Burn and mop up 

completely (all smokes out) at least 1 hour before 

sunset. The following condititt ons will facilitate 

smoke dispersal: 

• DI above 50

• Keep stumps from igniting

• Divide the unit into roughly 5-acre blocks 

and burn these subunits separately

• Burn when the MH is above 2,500 feet

• Surface winds < 8 mph and transport 

wind speeds > 15 mph

• If the SSA is a road, control or reroute

traffic during the burn

Contitt nue by going to step 4.

Step 4—Dealing with Smoke Sensitive 
Areas within the Last Three-Fourths of the 
Impact Distance

Step 4A

Select the same fuel category used in step 3. 

Selectitt ons are grouped by fuel category as follows:

• Fuel category A or B: Go to step 5A
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Step 5—Interpreting Screening  
System Results

Step 5A—All Requirements Met

If all the requirements in the smoke screening 

system have been met to this point, it is not 

likely that the prescribed fire will result in a 

smoke problem if the maximum burn unit size 

is < 50 acres. Keep in mind that as the DI class

under which the burn is conducted increases,

fire intensity and suppression become more

challenging. In order to use this WUI screening 

system for burn units > 50 acres, you must 

subdivide the unit into blocks of 50 acres or less to

conform with the underlying assumptitt ons used in

developing this system.

If you proceed and a smoke problem is 

encountered, please notitt fy others of the problem 

you encountered, e.g., your prescribed fire 

council, and get word back to Scott Goodrick 

with the Southern Research Statitt on, Disturbance

Work Unit, Smoke Management Team located in 

Athens, GA, at the following Web address: http://

www.srs.fs.fed.us/smoke/contacts.htm so that 

the situatitt on can be examined and changes to the

screening system can be made as appropriate.

Step 5B—Not All Requirements Met

If not all smoke screening system requirements 

have been met, consider the following options:

• Do not burn. Use a mechanical, chemical, 

or biotic alternative instead

• Change the prescription to meet the

requirements

• Reduce the burn unit size to roughly 2-

acre blocks, burn with low surface winds, 

and mop up completely by dark

There may be rare situatitt ons where a proposed 

burn will not pass any smoke screening system 

under the best dispersion condititt ons, but the use

of fire is stitt ll the preferred alternatitt ve (e.g., see 

• Fuel category C, D, E, F, G, H, or I: Go 

to step 4B

• Fuel category J or K: Go to step 4C

Step 4B—Fuel Category C, D, E, F, G, H, or I

Either:

• Complete firing at least 3 hours before 

sunset and mop up a minimum of 500 feet 

in from the downwind edge of the burned 

area, or

• Use a backing fire and completely mop 

up the burn at least 1 hour before sunset. 

Begin mopup soon after the flame front 

has passed and continue until dusk

If residual smoke is present at dusk, monitor 

all night and be prepared to act if a roadway is

impacted.

Contitt nue by going to step 5A.

Step 4C—Fuel Category J or K 

If no interstate or major highways are within 2

miles down-drainage, consider the list of potentitt al

measures below. Implement as many as practitt cal

to mititt gate potentitt al smoke problems.

• Burn when the DI is above 50

• Reduce the size of the area to be burned

• Complete firing at least 3 hours before 

sunset

• Mop up as needed

• Burn when surface winds are < 8 mph and 

transport wind speeds are > 15 mph

• Monitor smoke all night and be prepared

to act if a roadway is impacted

• Keep stumps from igniting

• Burn when MH is above 2,500 feet

If interstate or other major highways are

within 2 miles down-drainage, divide the unit into

subunits and implement as many of the above

measures as practitt cal. 

Contitt nue by going to step 5A.
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Miller and Wade 2003). In such cases, the burn 

manager should take all the extra steps listed 

below and then proceed with extreme cautitt on: 

• All homeowners within the potentitt al 

impact area agree to tolerate any 

temporary inconveniences associated 

with the intended burn [unless burning 

within a legalized smoke corridor or under 

a state statute such as the Hawkins Law 

(Florida Statute 590.125)] 

• Local law enforcement and government 

officials are kept informed and agree with

the necessity of the burn

• All homeowners are contacted within

several weeks of the burn and informed

of the planned burn date, anticipated 

ignition time, burn duration, and mopup

time. Homeowners should be given the 

address of a Web site where any schedule 

changes will be posted

• In the above situations, it is still

recommended that:

– Photos be taken before, during and after the

fire including any residual smoke indicatitt ng 

titt me of photo.

– The burn be completely mopped up and 

declared out before burn personnel leave

– If residual smoke is present at dusk, monitor 

it throughout the night

If some condititt ons are marginal, smoke could

stitt ll be a problem; consider reducing the size of 

the burn. On the other hand, it may be possible

to burn without causing a smoke intrusion even

though this screening system indicates otherwise.

Situatitt ons where this is likely the case include:

• The distance to the SSA is close to the 

maximum impact distance

• The amount of available fuel is less  

than average

• The fuel is very dry and the fuel bed is

loosely arranged

• The only downwind SSA is close to

the end of the arc constructed in step

1C. Note that the heaviest smoke

concentration will be along the centerline

The decision to proceed with the burn or to

delay it untitt l another titt me is up to the manager 

of the prescribed burn. Remember that ideal

condititt ons at ignititt on titt me can change during 

the burn. This will most likely happen to every 

prescribed fire manager as a result of condititt ons 

that are not antitt cipated or not as forecasted. 

When such a situatitt on occurs, follow three 

guiding principles:

1. Use common sense—Do what a prudent 

individual would do

2. Use integrity—Do the right thing

3. Keep good records—Have and follow a 

written plan and document all changes to

it as they are made

Hot Tip

This smoke screening system does not take into account other 
sources of smoke that may already be reducing visibility in the area.

Minimum background visibility around the intended burn site 
should be at least 5 miles.
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Appendix A

Some Federal and Florida Air Quality Laws and Rules 

Federal Clean Air Act

• The Clean Air Act (as amended in 1987 and 1997) is a legal system designed to protect human 

health and welfare.

• Several sections of the Clean Air Act have smoke management implications.

• The Clean Air Act establishes minimum requirements, which must be met nationwide, but 

States may establish additional requirements.

• The various acts, amendments, and regulations can be found on the U.S. Environmental

Protection Agency (EPA) Web site at http://www.epa.gov/epahome/laws.htm.

National Ambient Air Quality Standards

• EPA has established National Ambient Air Quality Standards (NAAQS) for the following air

pollutants that are produced in wildland fires:

– Partitt culate matter

– Nitrogen dioxide

– Ozone

– Carbon monoxide

• Air quality monitors are located throughout Florida and maintained by the Florida Department 

of Environmental Protection, Division of Air Quality

• These monitors are often located at the wildland-urban interface, so they are much more likely 

to be impacted by smoke at levels exceeding the NAAQS

Florida Statutes and Rules Pertaining to Smoke Management

• Burn authorization is required from Florida Division of Forestry.

• Florida Division of Forestry may restrict or cancel authorizations if burning under rule 5I–2 

of the Florida Administrative Code creates a condition that is deleterious to health, safety, or 

general welfare.
continued
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Appendix A (continued)

Florida Statutes and Rules Pertaining to Smoke Management (continued)

• Florida Division of Forestry authorizations require burning to be done between 9 a.m. and 1

hour before sunset or at other times when conditions warrant. For certified burners, this time

period is extended to 1 hour after sunset.

• Smoke from a burn must not reduce visibility on public roadways to < 500 feet.

• A burn must not violate local laws, rules, regulations, or ordinances.

• An updated synopsis of current Florida statutes and rules governing fire management can 

be found on the Florida Division of Forestry wildland fire Web site at http://www.fl-dof.com/

wildfire/index.
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Appendix B

How to Reduce the Smoke Impact from Prescribed Burns

7. Don’t burn during pollution alerts or 

stagnant conditions. Smoke tends to 

stay near the ground at such times, will 

not disperse readily, and will exacerbate

existing conditions. Many fire weather 

meteorologists include pollution alerts 

and stagnation information in their daily 

forecasts. The mixing height should be at 

least 1,700 feet and transport windspeed 

should be at least 9 miles per hour (mph)

when prescribed burns are conducted.

8. Comply with air pollution control 

regulations. Know the regulations that 

apply at the proposed burn site when you

write the prescription. Check with your 

State fire control agency if in doubt.

9. Burn when conditions are good for rapid 

dispersion. Ideally, the atmosphere should

be slightly unstable so smoke will rise

and dissipate, but not so unstable as to

cause a control problem. Again, your local 

forestry agency can help. Some States

use category day based on the ventilation 

rate to describe smoke transport and 

dispersion conditions, but the Dispersion

Index (DI) is a better indicator.

10. Reassess a decision to burn at the WUI 

when the daytime DI is forecast to be

below 41 and use increasing caution as it 

approaches 70.

11. Use caution when within 500 feet of 

smoke-sensitive areas (SSAs) or upwind

of them. Burning should be done when

wind will carry smoke away from public

roads, airports, hospitals, schools, and

Prescribed burning can be used to achieve 

many resource objectitt ves, but it pollutes the air. 

Burn managers have an obligatitt on to minimize 

this pollutitt on. If this obligatitt on is ignored, 

prescribed burners can be held liable for smoke-

related damage if smoke causes accidents or 

other problems. To reduce the impact of smoke

at the wildland-urban interface (WUI), heed the 

following advice:

1. Smoke management should be based on 

common sense and integrity.

2. Prepare a written burn plan well in

advance of the burn.

3. Define objectives. Be sure you have 

clear resource objectives and have

considered both onsite and offsite

environmental impacts.

4. Develop a smoke management plan and

attach it (along with any calculations) to

the written burn prescription.

5. Fire weather and smoke management 

forecasts are available through State

forestry agencies. Be sure to use them.

Such information is necessary to predict 

smoke production and movement as well

as fire behavior. If the forestry weather 

outlook does not agree reasonably well

with the radio or television forecast, find

out why before proceeding.

6. In States that have a forestry agency 

fire meteorologist, such as Florida and 

Georgia, consider asking for a spot 

weather forecast. Contact information 

can be obtained by calling your local 

forestry unit. continued
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populated areas. This is often not possible 

at the WUI so extreme care must be 

exercised to minimize the impact on

SSAs. Do not burn if a hospital, school (in

session), or airport (unless departures 

and arrivals can be temporarily 

suspended) is within one-half mile

downwind of the proposed burn. 

12. Work with local law enforcement 

personnel to manage or reroute traffic

on downwind roads. Avoid heavy traffic 

periods such as noontime and late

afternoon. Monitor for residual smoke 

on roads within 1 mile of the burn in all

directions until the fire is declared out.

13. Develop and implement a public relations 

plan that includes personal contact 

with all homeowners and businesses

within one-half mile of the burn unit. 

Check for any health issues, especially 

respiratory problems, and schedule the 

burn when any residents with relevent 

health problems will be gone overnight;

work with such residents to find a place 

to stay or consider paying to put them in 

a motel at least the first night postburn. 

Use firing techniques and ignition 

patterns that minimize offsite fly ash, 

make sure windows in all houses likely to 

be impacted are closed on the day of the

burn. Make sure inside pets are removed

during the burn. Make sure all potentially 

affected residents understand that 

prescribed fire reduces the hazardous 

accumulation of fuels as well as air

pollution from wildfires.

14. When burn units have adjacent SSAs 

on three or more sides or when they are 

down-drainage, try to keep burn units 

smaller than 5 acres so they can be 

burned and completely mopped up within

a single day. It is much better to divide a 

20-acre block into four 5-acre blocks and 

burn and mop up each on a separate day 

than to burn all 20 acres as a single unit 

and impact adjacent homes over the next 

several days until mopup is complete. 

15. If the unit has homes on all sides (no 

smoke corridor), do not burn when DI is < 

41. The larger the area being burned, the 

greater the amount of particulate matter 

put into the air, and the longer visibility is 

reduced downwind. However, if weather 

conditions are good for rapid smoke 

dispersion, as when the DI is above 50, it 

is often better from a smoke management 

standpoint to burn the whole area at 

one time using a firing technique that 

creates a convection column to loft the 

smoke over nearby structures and roads. 

Remember that creation of a convection

column during the flaming phase does

little to mitigate production, dilution, or 

dispersion of residual smoke.

16. Fine fuels carry a fire. Removal of large 

(100- and 1000-hr) dead, down fuels will

have little effect on reducing the fire

hazard at the WUI. Once they are ignited, 

however, large fuels generate smoke

for extended perff iods. Choose burning

conditions that will minimize ignition of 

Appendix B (continued)

How to Reduce the Smoke Impact from Prescribed Burns (continued)
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large fuels. Ideally, burn when they are

wet and fine fuels are dry. Headfires are 

less likely to ignite larger fuels because

they have a shorter residence time. If 

large fuels present are sound, consider 

the practicability of physically removing 

them prior to the burn.

17. Check moisture content of fine fuels and

lower litter by feeling with your hands. 

Upper litter should be fairly dry and lower 

litter too wet to burn.

18. Use the Keetch-Byram Drought Index 

(also called the Cumulative Severity 

Index). If large-diameter fuels are 

present, reconsider a decision to burn

when it is above 400 or use a moisture 

meter to make sure the moisture content 

of large dead fuels is above 20 percent.

19. If snags or stumps are present, take 

measures to keep them from igniting. 

20. Use a test fire to confirm smoke behavior.

Set it in or adjacent to (if fuel conditions

are comparable) the area proposed for 

burning, away from roads or other edge

effects, and make sure it is large enough

for you to assess smoke behavior.

21. Consider using a backfire at least near 

homes. Although slower and more

expensive, a backing fire produces

less smoke (only about one-third of 

the particulate emissions generated

by a heading fire). Substantially less 

smoldering combustion takes place in 

backing fires, and smoldering combustion 

emits about five times as much particulate 

matter as flaming combustion emits.

22. Burn during the middle of the day when 

possible. Atmospheric conditions are 

generally most favorable for smoke

dispersion at this time.

23. Do not ignite organic soils. If they are 

present at the WUI, use another method

to reduce hazardous fuel accumulations. 

The only exception is if the organic soil is

confined to depressional ponds, in which

case burn only when they are full (no

organic soil above water). It is virtually 

impossible to put out an organic soil fire 

without submerging it in water. It will 

smoke for weeks despite control efforts, 

creating severe smoke problems for miles

around. Such fires can also re-ignite

unconsumed surface fuels days or weeks 

later, resulting in a wildfire. 

24. As a rule of thumb, do not burn at the 

WUI after sunset because smoke drift is

almost impossible to predict when surface 

winds die down. One exception is the 

night after a frontal passage when surface

winds will be above 4 mph and relative

humidity will stay below 70 percent.

25. Never burn at the WUI under anr
inversion, no matter how small the unit.

26. A nighttime smoke patrol is

recommended when a burn at the WUI is 

still smoking at sundown.

27. Anticipate down-drainage smoke flow. 

Atmospheric conditions tend to become 

Appendix B (continued)

How to Reduce the Smoke Impact from Prescribed Burns (continued)
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How to Reduce the Smoke Impact from Prescribed Burns (continued)

stable at night. Stable conditions tend to

keep smoke near the ground. In addition,

downslope winds generally prevail at 

night even on gradual slopes unless

surface winds are stronger. Thus, smoke 

will flow down-drainage and concentrate 

in low areas. When relative humidity 

rises above 80 percent and smoke is 

present, the formation of fog becomes 

increasingly likely as moisture condenses 

on the smoke particles. There are few 

satisfactory solutions to these problems,

so try to avoid burning at the WUI late in

the day.

28. Start mopup soon after the flame

front passes to reduce the impact on

visibility. Use water, ideally with foam, to

extinguish duff around tree stems, and all

stumps, snags, and logs.

29. Have an emergency plan. Be prepared 

to extinguish a prescribed burn if it 

is not burning according to plan, or if

weather conditions change. Have warning 

signs on site. If wind direction changes, 

be prepared to quickly direct traffic 

on affected roads until traffic control 

personnel arrive. 
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Wade, Dale and Mobley, Hugh, 2007. Managing smoke at the wildland-
urban interface, Gen. Tech. Rep. SRS-103. Asheville, NC:  U.S. Department 
of Agriculture, Forest Service, Southern Research Station. 28 p.

When prescribed burning is conducted at the wildland-urban interface (WUI), 
the smoke that is produced can sometimes inconvenience people, but it can 
also cause more serious health and safety problems. The public is unlikely 
to continue to tolerate the use of prescribed fire, regardless of the benefits, if 
burn managers cannot keep smoke out of smoke-sensitive areas. In the South, 
forest management organizations commonly require that plans for prescribed 
burns pass a smoke screening review and some States require such a review 
before they will authorize a burn. Current screening systems, however, do not 
incorporate criteria for use at the WUI. This guide describes modifications 
to the Southern Smoke Screening System for burns at the WUI. These
modifications couple new research findings with the collective experience 
of burners who have extensively used the 1976 Southern Smoke Screening 
System. This new smoke screening system is designed for use on burns less 
than 50 acres in size and has undergone several years of successful field 
testing in Florida.

Keywords: Fire management, prescribed fire, smoke management, smoke
screening, wildland urban interface.
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Forward

The National Wildfire Coordinating Group’s (NWCG) Fire Use Working Team1 has assumed overall
responsibility for sponsoring the development and production of this revised Smoke Management
Guide for Prescribed and Wildland Fire (the “Guide”).  The Mission Statement for the Fire Use Work-
ing Team includes the need to coordinate and advocate the use of fire to achieve management objec-
tives, and to promote a greater understanding of the role of fire and its effects.  The Fire Use Working
Team recognizes that the ignition of wildland fuels by land managers, or the use of wildland fires
ignited by natural causes to achieve specific management objectives is receiving continued emphasis
from fire management specialists, land managers, environmental groups, politicians and the general
public.  Yet, at the same time that fire use programs are increasing, concerns are being expressed
regarding associated “costs” such as smoke management problems.  This revised Guide is the Fire Use
Working Team’s contribution to a better national understanding and application of smoke management.

Bill Leenhouts—Chair
NWCG Fire Use Working Team

___________________________________

1  The NWCG website [http://www.nwcg.gov] contains documentation and descriptions for all NWCG working teams.
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The National Wildfire Coordinating Group’s Fire Use Working Team sponsored this 2001 edition of the
Smoke Management Guide for Prescribed and Wildland Fire.  A six-member steering committee was
responsible for development of a general outline and for coordination of the Guide’s production.  The
editors/compilers invited the individual contributions, edited submissions, authored many of the sec-
tions, obtained comprehensive reviews from the NWCG agencies and other partners, and compiled the
final material into a cohesive guidebook.

Steering Committee: Bill Leenhouts (chair, NWCG Fire Use Working Team), Colin C. Hardy, Roger
D. Ottmar, Janice L. Peterson, John E. Core, Paula Seamon.

Authors:
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USDA Forest Service, Southern Research
Station.  Athens, GA

James D. Brenner, Fire Management Adminis-
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Introduction

Colin C. Hardy

Bill Leenhouts

Why Do We Need A National Smoke Management Guide?

As an ecological process, wildland fire is essen-
tial in creating and maintaining functional
ecosystems and achieving other land use objec-
tives.  As a decomposition process, wildland fire
produces combustion byproducts that are harm-
ful to human health and welfare.  Both the land
management benefits from using wildland fire
and the public health and welfare effects from
wildland fire smoke are well documented.  The
challenge in using wildland fire is balancing the
public interest objectives of protecting human
health and welfare and sustaining ecological
integrity.

Minimizing the adverse effects of smoke on
human health and welfare while maximizing the
effectiveness of using wildland fire is an inte-
grated and collaborative activity. Everyone
interested in natural resource management is
responsible and has a role.  Land managers need
to assure that using wildland fire is the most
effective alternative of achieving the land
management objectives.  State, regional, tribal
and national air resource managers must ensure
that air quality rules and regulations equitably
accommodate all legal emission sources.

The varied smoke management issues from
across the nation involve many diverse cultures
and interests, include a multitude of strategies
and tactics, and cover a heterogeneous land-
scape.  No national answer or cookbook ap-

proach will adequately address them.  But
people with a desire for responsible smoke
management working in partnership with the
latest science-based smoke management infor-
mation can fashion effective regional smoke
management plans and programs to address
their individual and collective objectives.  The
intent of the Guide is to provide the latest
science-based smoke management information
from across the nation to facilitate these col-
laborative efforts.

Awareness of smoke production, transport, and
effects on receptors from prescribed and wild-
land fires will enable us to refine existing smoke
management strategies and to develop better
smoke management plans and programs in the
future.  This Guide addresses the basic control
strategies for minimizing the adverse effects of
smoke on human health and welfare—thus
maximizing the effectiveness of using wildland
fire.  These control strategies are:

• Avoidance – using meteorological condi-
tions when scheduling burning in order to
avoid incursions of wildland fire smoke
into smoke sensitive areas.

• Dilution – controlling the rate of emissions
or scheduling for dispersion to assure
tolerable concentrations of smoke in
designated areas.
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• Emissions-reduction – using techniques to
minimize the smoke output per unit area
treated and decrease the contribution to
regional haze as well as intrusions into
designated areas.

Guide Goals and
Considerations

The Smoke Management Guide steering com-
mittee and the NWCG Fire Use Working Team
developed this Guide with the following goals:

• Provide fire use practitioners with a
fundamental understanding of fire-emis-
sions processes and impacts, regulatory
objectives, and tools for the management
of smoke from wildland fires.

• Provide local, state, tribal, and federal air
quality managers with background infor-
mation related to the wildland fire and
emissions processes and air, land and
wildland fire management.

The following considerations provide the con-
text within which these goals can be met:

• This document is about smoke manage-
ment, not about the decision to use wild-
land fire or its alternatives.  Its purpose is
not to advocate for or against the use of
fire to meet land management objectives.

• While the Guide contains relevant back-
ground material and resources generally
useful to development of smoke manage-
ment programs, it is not a tutorial on how
to develop a state smoke management
program.

• Although the Guide is replete with infor-
mation and examples for potential applica-
tion at the local and regional level, the
Guide generally focuses on national smoke

management principles.  For maximum
benefit to local or regional applications,
appropriate supplements should be devel-
oped for the scale or geographical location
of the respective application.

• The Guide is more appropriate for knowl-
edgeable air, land, and wildland fire
managers, and is not intended for novice
readers.

Overview and
Organization of the Guide

The Smoke Management Guide for Prescribed
and Wildland Fire–2001 Edition follows a
textbook model so that it can be used as a
supplemental reference in smoke management
training sessions and courses such as the
NWCG Smoke Management course, RX-410
(formerly RX-450).  Following an Introduc-
tion, a background chapter presents a primer on
wildland fire and a discussion of the imperatives
for smoke management.  In the Wildland Fire
Imperative, the Guide addresses both the
ecological and societal aspects of wildland fire
(not agricultural, construction debris, or other
biomass burning), and provides the details
necessary for fire use practitioners and air
quality managers to understand the fundamen-
tals of fire in wildlands.  The Smoke Manage-
ment Imperative discusses the needs for smoke
management as well as its benefits and costs.

The background sections are followed by chap-
ters presenting details on Wildland Fire Smoke
Impacts—public health, visibility, problem and
nuisance smoke, and smoke exposure among
fireline personnel—and on Regulations for
Smoke Management.  The chapter on Smoke
Source Characteristics follows a sequence
similar to the basic pathway that smoke produc-
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1   For a comprehensive presentation of fire terminology, the reader should refer to the NWCG Glossary of Wildland
Fire Terminology (NWCG 1996—PMS #205, Boise, ID).

tion does—from the pre-fire fuel characteristics
and the fire phenomenon as an emissions
source, through the processes of combustion,
biomass consumption and emissions production.

The chapter on Fire Use Planning addresses
important considerations for developing a
comprehensive fire use plan (a “burn plan”).
The general planning process is reviewed, from
developing a general land use plan, through a
fire management plan and, ultimately, to a unit-
specific burn plan.

The Smoke Management Meteorology chapter
presents a primer on the use of weather observa-
tions and forecasts, and then provides informa-
tion regarding the transport and dispersion of
smoke from wildland fires.

Techniques to Reduce or Redistribute Emis-
sions are presented in an exhaustive list and
synthesis of emissions reduction and impact
reduction practices and techniques.  These
practices and techniques were initially compiled
as the outcomes of three regional workshops
held specifically for the purpose of synthesizing
current and potential smoke management tools.
Presented here in a nationally applicable format,
they are the fundamental tools available to fire
planners and fire use practitioners for the man-
agement and mitigation of smoke from wildland
fires.

The Smoke Dispersion Prediction Systems
chapter reviews current prediction tools within
the context of three “families” of model applica-
tions—screening, planning, or regulating.

Air Quality Monitoring for Smoke discusses
various objectives for monitoring, and empha-
sizes the need to carefully match the monitoring
objective with the appropriate equipment.  In

addition, the chapter presents information on
some common monitoring equipment, methods,
and their associated costs.

Emission Inventories help managers and
regulators understand how to better include fire
in an emissions inventory.  This chapter dis-
cusses the use of the three basic elements
needed to perform an emission inventory—area
burned, fuel consumed, and appropriate emis-
sion factor(s).

No smoke management effort can succeed
without continued assessment and feedback.
The chapter on Program Administration and
Assessment discusses the need to maintain a
balance between the level of effort in a program
and the level of prescribed or fire use activity as
well as their associated local or regional effects.

Each section in this Guide is now supported by
an extensive list of relevant references.  Also,
authorship for a specific section is given in the
table of contents, where appropriate.  In such
cases, the section can be cited with its respective
author(s) as an independent “chapter” in the
Guide.

A glossary of frequently used fire and smoke
management terms1 is provided as an appendix
to the Guide.

History of Smoke
Management Guidance

The first guidance document specifically ad-
dressing the management of smoke from pre-
scribed fires was the Southern Smoke
Management Guidebook, produced in 1976 by
the Southern Forest Fire Laboratory staff
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2   The Joint Fire Sciences Program is sponsoring extensive revisions to the Rainbow Series fire effects volumes,
including a new volume on fire effects on air.

(1976).  It was a comprehensive treatment of the
various aspects fire behavior, emissions, trans-
port and dispersion, and the management of
smoke in the southern United States.

In 1985, NWCG’s Prescribed Fire and Fire
Effects Working Team developed the widely
accepted Prescribed Fire Smoke Management
Guide that forms the basis for this 2001 revised
Guide (NWCG 1985).  The 1985 edition fo-
cused on national smoke management principles
and, as a result, was far less comprehensive than
the Southern guidebook.

One of six state-of-knowledge reports prepared
for the 1978 National Fire Effects Workshop is a
review called Effects of Fire on Air (USDA
Forest Service 1978).  The six volumes, called
the “Rainbow Series” on fire effects, were in
response to the changes in policies, laws, regula-
tions, and initiatives.  Objectives specific to the
volume on air were to:  “…summarize the
current state-of-knowledge of the effects of
forest burning on the air resource, and to define
research questions of high priority for the
management of smoke from prescribed and wild
fires”  (USDA Forest Service 1978, p.5).2

Conflicts between prescribed fire and air quality
began to be seriously addressed in the mid-
1980s.  Prior to this, only a few states had
developed or implemented smoke management
programs, and national-level policies addressing
smoke from wildland burns were only beginning
to be drafted.  Much has changed since then,
with numerous policies and initiatives raising
the potential for conflicting resource manage-
ment objectives—principally air quality and
ecosystem integrity.  The Clean Air Act amend-
ments adopted in 1990 specifically addressed
regional haze.  Smoke Management Plans have

been developed by many states as administrative
rules enforceable under state law.  These rules
are often incorporated into State and Tribal
Implementation Plans (SIPs and TIPs) for
submission to the U.S. Environmental Protec-
tion Agency (EPA) and, once promulgated by
EPA, are then enforceable under federal law as
well.  And now, the role of fire and the need for
its accelerated use has become widely recog-
nized with respect to maintenance and restora-
tion of fire-adapted ecosystems.  These issues
all point to the imperative for better knowledge
and more informed collaboration between
managers of both the air and terrestrial re-
sources.

The 2001 Edition of the Smoke
Management Guide

Recognizing the increasing likelihood of im-
pacting the public, the proliferation of federal,
state, and local statutes, rules and ordinances
pertaining to smoke, as well as major improve-
ments to our knowledge of smoke and its man-
agement, the NWCG Fire Use Working Team
(formerly named the Prescribed Fire and Fire
Effects Working Team) sponsored revision of
the Guide.  Conceptually, the Fire Use Working
Team identified the need for a revised guide-
book that targeted not just prescribed fire practi-
tioners, but state and local air quality and public
health agency personnel as well.  A consequence
of this expansion of the target audience was the
need to substantially augment the background
information with respect to fire in wildlands.

A suite of potential smoke management prac-
tices and techniques are not only suggested in
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this Guide, but their relative effectiveness and
regionally-specific applicability are also pro-
vided.  This information was acquired through
three regional workshops held in collaboration
with the U.S. Environmental Protection
Agency’s Office of Air Quality Planning and
Standards.

This revised Guide now emphasizes both emis-
sion and impact reduction methods that have
been found to be practical, useful, and benefi-
cial.  This new emphasis on reducing emissions
is in response to regional haze and fine particle
(PM2.5) control programs that will require
emission reductions from a wide variety of
pollution sources (including prescribed and
wildland fire).  This is especially important in
view of the major increases in the use of fire
projected by federal land managers.  Readers
will also find a greatly expanded discussion of
air quality regulatory requirements, reflecting
the growing complexities and demands on
today’s fire practitioners.
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The Wildland Fire Imperative

Colin C. Hardy

Sharon M. Hermann

Robert E. Mutch

Perpetuating America’s Natural Heritage: Balancing
Wildland Management Needs and the Public Interest

Strategies for responsible and effective smoke
management cannot be developed without
careful consideration of the ecological and the
societal impacts of fire management in the
wildlands of modern America.  The need to
consider both perspectives is acknowledged by
most land management agencies, as well as by
the U.S. Environmental Protection Agency
(EPA) —the primary Federal agency responsible
for protecting air quality.  An awareness of this
challenge is reflected in NWCG’s education
message, Managing Wildland Fire: Balancing
America’s Natural Heritage and the Public
Interest (NWCG 1998).  The preamble to this
document not only states that “fire is an impor-
tant and inevitable part of America’s wildlands,”
but also recognizes that “wildland fires can
produce both benefits and damages—to the
environment and to people’s interests.”

The EPA’s Interim Air Quality Policy on Wild-
land and Prescribed Fires (U.S. EPA 1998)
employs similar language to describe related
public policy goals: (1) To allow fire to function,
as nearly as possible, in its natural role in
maintaining healthy wildland ecosystems; and,
(2) To protect public health and welfare by
mitigating the impacts of air pollutant emissions

on air quality and visibility.  The document
comments on the responsibilities of wildland
owners/managers and State/tribal air quality
managers to coordinate fire activities, minimize
air pollutant emissions, manage smoke from
prescribed fires as well as wildland fires used
for resource benefits, and establish emergency
action programs to mitigate the unavoidable
impacts on the public.  In addition, EPA asserts
that “this policy is not intended to limit opportu-
nities by private wildland owners/managers to
use fire so that burning can be increased on
publicly owned wildlands.”

In this and the following section (2.2–The
Smoke Management Imperative), we outline
both ecological and societal aspects of wildland
and prescribed fire.  We review the historical
role and extent of fire and the effects of settle-
ment and land use changes.  The influence of
fire exclusion policies on historical disturbance
processes is considered in light of modern
landscape conditions.  This provides the basis
for discussion of significant, recent changes in
Federal wildland fire policy and new initiatives
for accelerating use of prescribed and wildland
fire to achieve resource management objectives.
Finally, we present examples of the impacts of
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wildland smoke on air quality, human health,
and safety.

Fire in Wildlands

Recurring fires are often an essential component
of the natural environment—as natural as rain,
snow, or wind.  Evidence for the recurrence of
past fires is found in charcoal layers of lakes and
bogs, in fire-scars of trees, and in the morpho-
logical and life history adaptations of numerous
native plants and animals.  Many ecosystems in
North America and throughout the world are
fire-dependent (Heinselman 1978) and periodic
burning is essential for healthy ecosystem
functioning in these wildlands.  Fire acts at the
individual, population, and community levels
and can influence:

• Plant succession.

• Fuel accumulation and decay.

• Recruitment pattern and age distribu-
tion of individuals.

• Species composition of vegetation.

• Disease and insect pathogens.

• Nutrient cycles and energy flows.

• Biotic productivity, diversity, and
stability.

• Habitat structure for wildlife.

For millennia, lightning, volcanoes, and people
have ignited fires in wildland ecosystems.  The
current emphasis on ecosystem management
calls for the maintenance of interactions be-
tween such disturbance processes and ecosys-
tem functions.  Therefore, it is incumbent on
both fire and natural resource managers to
understand the range of historical frequency,
severity, and aerial extent of past burns.  This
knowledge provides a frame of reference for
applying appropriate management practices on a
landscape scale, including the use and exclusion
of fire.

Many studies have described the historical
occurrence of fires throughout the world. For
example, Swetnam (1993) used fire scars to
describe a 2000-year period of fire history in
giant sequoia groves in California.  He found
that frequent small fires occurred during a warm
period from about A.D. 1000 to 1300, and less
frequent but more widespread fires occurred
during cooler periods from about A.D. 500-1000
and after 1300.  Swain (1973) determined from
lake sediment analyses in the Boundary Waters
Canoe Area in Minnesota that tree species and
fire had interacted in complex ways over a
10,000-year period.  Other studies ranging from
Maine (e.g. Copenheaver and others 2000) to
Florida (e.g. Watts and others 1992) have em-
ployed pollen and charcoal deposits to demon-
strate shifts in fire frequency correlated with the
onset of European settlement.

There is an even larger body of science that
details the numerous effects of wildland fires on
components of ecosystems.  Some of the most
compelling examples of fire dependency come
from studies on plant reproduction and estab-
lishment.  For instance, there are at least ten
species of pines scattered over the United States
that have serotinous cones; that is to say the
cones are sealed by resin; the cone scales do not
open and seeds do not disperse until the resin is
exposed to high heat (reviewed in Whelan
1995).  Examples of fire dependency in herba-
ceous plants include flowering of wiregrass in
Southeastern longleaf pine forests that is greatly
enhanced by growing season burns (Myers
1990) and seed germination of California
chaparral forbs that is triggered by exposure to
smoke (Keeley and Fotheringham 1997).  Ani-
mals as diverse as rare Karner blue butterflies in
Indiana (Kwilosz and Knutson 1999) to whoop-
ing cranes in Texas (Chavez Ramirez and others
1996) benefit when fire is re-introduced into
their habitats.  There are numerous other types
of fire dependency in North American ecosys-
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tems and many studies on this topic are summa-
rized in books and government publications
(e.g. Agee 1993, Bond and van Wilgen 1996,
Brown and Kapler Smith 2000, Johnson 1992,
Kapler Smith 2000, Wade and others 1980,
Whelan 1995).  In addition, there is a small but
growing volume of literature that evaluates the
influence of fire on multiple trophic levels (e.g.
Hermann and others 1998).

Knowledge of fire history, fire regimes, and fire
effects allows land stewards to develop informed
management strategies.  Application of fire may
be one of the tools used to meet resource man-
agement objectives.  The role of fire as an
important disturbance process has been high-
lighted in a classification of continental fire
regimes (Kilgore and Heinselman 1990).  These
authors describe a natural fire regime as the total
pattern of fires over time that is characteristic of
a region or ecosystem.  Fire regimes are defined
in terms of fire type and severity, typical fire
sizes and patterns, and fire frequency, or length
of return intervals in years.  Kilgore and

Heinselman (1990) placed natural fire regimes
of North America into seven classes, ranging
from Class 0, in which fires are rare or absent,
to Class 6, in which crown fires and severe
surface fires occur at return intervals longer than
300 years.  Intermediate fire regimes, Classes 1-
5, are characterized by increasingly longer fire
return intervals and increasingly higher fire
intensities.  Class 2, for example, describes the
situation for long-needled pines, like longleaf
pine, ponderosa pine, and Jeffrey pine; in this
class low severity, surface fires occur rather
frequently (return intervals of less than 25
years).  Lodgepole pine, jackpine, and the boreal
forest of Canada and Alaska generally fall into
Class 4, a class in which high severity crown
fires occur every 25 to 100 years; or into Class
5, a class in which crown fires occur every 100
to 300 years.  White bark pine forests at high
elevations typically fall into Class 6.  For com-
parison, three general classes of fire are shown
in figure 2.1, including a low-intensity surface
fire, a mixed-severity fire, and a stand-replacing
crown fire.

Figure 2.1.  The relative difference in general classes of fire are shown.  This
series illustrates a low-intensity surface fire (a), a mixed-severity fire (b), and a
stand-replacing crown fire (c).

(b)

(a)

(c)
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A noteworthy aspect of continental fire regimes
is that very few  North American ecosystems fall
into Class 0.  In other words, most ecosystems
in the United States have evolved under the
consistent influence of wildland fire, establish-
ing fire as a process that affects numerous
ecosystem functions described earlier.  Those
who apply prescribed burns or use wildland fire
often attempt to mimic the natural role of fire in
creating or maintaining ecosystems.  Sustaining
the productivity of fire-adapted ecosystems
generally requires application of prescribed fire
on a sufficiently large scale to ensure that
various ecosystem processes remain intact.

Ecological Effects of
Altered Fire Regimes

As humans alter fire frequency and severity,
many plant and animal communities experience
a loss of species diversity, site degradation, and
increases in the sizes and severity of wildfires.
Ferry and others (1995) concluded that altered
fire regimes was the principal agent of change

affecting vegetative structure, composition, and
biological diversity of five major plant commu-
nities totaling over 350 million acres in the U.S.
As a way to evaluate the current amount of fire
in wildland habitat, Leenhouts (1998) compared
estimated land area burned 200-400 years ago
(“pre-industrial”) to data from the contemporary
conterminous United States.  The result suggests
that ten times more acreage burned annually in
the pre-industrial era than does in modern times.
After accounting for loss of wildland area due to
land use changes such as urbanization and
agriculture, Leenhouts concluded that the
remaining wildland is burned approximately
fifty percent less compared to fire frequency
under historical fire regimes (figure 2.2).

Numerous ecosystem indicators serve as alarm-
ing examples of the effects of altered fire re-
gimes.  Land use changes, attempted fire
exclusion practices, prolonged drought, and
epidemic levels of insects and diseases have
coincided to produce extensive forest mortality,
or major changes in forest density and species
composition.  Gray (1992) called attention to a
forest health emergency in parts of the western

Figure 2.2.  Estimates of the range of annual area burned in the conterminous United States pre-European
settlement (Historic), applying presettlement fire frequencies to present land cover types (Expected), and
burning (wildland and agriculture) that has occurred during the recent past (Current). Source: Leenhouts
(1998).
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United States where trees have been killed
across millions of acres in eastern Oregon and
Washington.  He indicated that similar problems
extend south into Utah, Nevada, and California,
and east into Idaho.  Denser stands and heavy
fuel accumulations are also setting the stage for
high severity crown fires in Montana, Colorado,
Arizona, New Mexico, and Nebraska, where the
historical norm in long-needled pine forests was

for more frequent low severity surface fires (fire
regime Class 2; Kilgore and Heinselman 1990).
The paired photos in figure 2.3 illustrate 85
years of change resulting from fire exclusion on
a fire-dependent site in western Montana.  In
North Carolina, Gilliam and Platt (1999) quanti-
fied the dramatic effects of over 80-years of fire
exclusion on tree species composition and stand
structure in a longleaf pine forest.

(a)

(b)

Figure 2.3.  These two photos, taken of the same homestead near Sula, Montana, show 85 years of change on
a fire-dependent site where fire has been excluded.  The top photo (a) was taken in 1895.  By 1980 (b),
encroaching trees and shrubs occupy nearly all of the site.  Stand-replacing crown fire visited this site in 2000.
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Since the 1960s, records show an alarming
trend towards more acres consumed by wild
fires, despite all of our advances in fire suppres-
sion technology (figure 2.4).  The larger, more
severe wildfires have accelerated the rate of tree
mortality, threatening people, property, and
natural resources (Mutch 1994).  These wild-
fires also have emitted large amounts of particu-
late matter into the atmosphere.  One study
estimated that more than 53 million pounds of
respirable particulate matter were produced
over a 58-day period by the 1987 Silver Fire in
southwestern Oregon (Hardy and others 1992).

The ecological consequences of past policies of
fire exclusion have been foreseen for some
time.  More than 50 years ago, Weaver (1943)
reported that the “complete prevention of forest
fires in the ponderosa pine region of California,
Oregon, Washington, northern Idaho, and
western Montana has certain undesirable eco-

logical and silvicultural effects [and that]...
conditions are already deplorable and are be-
coming increasingly serious over large areas.”
Also, Cooper (1961) stated, “…fire has played a
major role in shaping the world’s grassland and
forests.  Attempts to eliminate it have introduced
problems fully as serious as those created by
accidental conflagrations.”  Only more recently
have concerns been expressed about potential
loss of biodiversity as a result of fire suppres-
sion.  This issue may be especially pressing in
the Eastern United States.  For example, in
southern longleaf pine ecosystems, at least 66
rare plant species are maintained by frequent
fire (Walker 1993).  The ecological need for
high fire frequency in large areas of Southeast-
ern native ecosystems coupled with the region’s
long growing season contribute to the rapid
buildup of fuel and subsequent change in habitat
structure.

Figure 2.4.  The average annual burned area for the western States, shown here for the period
1916-2000, has generally been increasing since the mid-1960s
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Wildland and Prescribed Fire Ter-
minology Update

The federal Implementation Procedures Refer-
ence Guide for Wildland and Prescribed Fire
Management Policy (USDI and USDA Forest
Service 1998) contains significant changes in
fire terminology.  Several traditional terms have
either been omitted or have been made obsolete
by the new policy.  These include: confine/
contain/control; escaped fire situation analysis;
management ignited prescribed fire; pre-sup-
pression; and prescribed natural fire, or “PNF.”
Additionally, there was adoption of several new
terms and interpretations that supercedes earlier,
traditional terminology:

• Fire Use - the combination of wildland
fire use and prescribed fire application to
meet resource objectives.

• Prescribed Fire - Any fire ignited by
management actions to meet specific
objectives.  A written, approved prescribed
fire plan must exist, and NEPA require-
ments must be met, prior to ignition.  This
term replaces management ignited pre-
scribed fire.

• Wildfire - An unwanted wildland fire.
This term was only included to give con-
tinuing credence to the historic fire pre-
vention products.  This is NOT a separate
type of fire under the new terminology.

• Wildland Fire - Any non-structure fire,
other than prescribed fire, that occurs in
the wildland.  This term encompasses fires
previously called both wildfires and
prescribed natural fires.

• Wildland Fire Use - the management of
naturally-ignited wildland fires to accom-
plish specific pre-stated resource manage-
ment objectives in predefined geographic
areas outlined in Fire Management Plans.
Wildland fire use is not to be confused

with “fire use,” which is a broader term
encompassing more than just wildland
fires.

Taking Action: The Federal Wild-
land and Prescribed Fire Policy

The decline in resiliency and ecological “health”
of ecosystems has reached alarming proportions
in recent decades, as evidenced by the trend
since the mid-1960’s towards more acres burned
in  wildfires (figure 2.4).  While national aware-
ness of this trend has existed for some time, the
1994 fire season created a renewed awareness
and concern among Federal land management
agencies and their constituents regarding the
serious impacts of wildfires.  The Federal
Wildland Fire Management Policy and Program
Review is chartered by the Secretaries of Agri-
culture and Interior to “ensure that uniform
federal policies and cohesive interagency and
intergovernmental fire management programs
exist” (USDI and USDA Forest Service 1995).
The review process is directed by an interagency
Steering Group whose members represented the
Departments of Agriculture and Interior, the
U.S. Fire Administration, the National Weather
Service, the Federal Emergency Management
Agency, and the Environmental Protection
Agency.  In their cover letter accepting the Final
Report of the Review (December 18, 1995), the
Secretaries of Agriculture and Interior pro-
claimed:

“The philosophy, as well as the specific
policies and recommendations, of the
Report continues to move our approach to
wildland fire management beyond the
traditional realms of fire suppression by
further integrating fire into the manage-
ment of our lands and resources in an
ongoing and systematic manner, consistent
with public health and environmental
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quality considerations.  We strongly sup-
port the integration of wildland fire into
our land management planning and imple-
mentation activities.  Managers must learn
to use fire as one of the basic tools for
accomplishing their resource management
objectives.”

USDI and USDA Forest
Service 1995—cover
memorandum

The Report asserts that “the planning, imple-
mentation, and monitoring of wildland fire
management actions will be done on an inter-
agency basis with the involvement of all part-
ners.”  The term “partners” is all-encompassing,
including Federal land management and regula-
tory agencies; tribal governments; Department
of Defense; State, county, and local govern-
ments; the private sector; and the public.  Part-
nerships are essential for establishing collective
priorities to facilitate use of fire at the landscape
level.  Smoke does not respond to artificial
boundaries or delineations.  Interaction among
partners is necessary to meet the dual challenge
of using fire for natural resource management
coupled with the need to minimize negative
effects related to smoke.  Both concerns must be
met to fulfill the public need.

Literature Citations
Agee, J.K.  1993.  Fire Ecology of Pacific Northwest

Forests.  Island Press, Washington, DC.

Bond, W.J. and B.W. van Wilgen.  1996.  Fire and
Plants.  Chapman Hall, London.

Brown, J.K. and J. Kapler Smith (eds.).  2000.
Wildland Fire in Ecosystems: Effects of Fire on
Flora.  Gen. Tech. Rep. RMRS-GTR-42-vol.2.
Ogden, UT.

Chavez Ramirez, F., H.E. Hunt, R.D. Slack and T.V.
Stehn.  1996.  Ecological correlates of Whoop-
ing Crane use of fire-treated upland habitats.
Conservation Biology 10:217-223.

Cooper, C.F. 1961. The ecology of fire. Sci. Am.
204(4):150-160.

Copenheaver, C.A., A.S. White and W.A. Patterson.
2000.  Vegetation development in a southern
Maine pitch pine-scrub oak barren.  Journal
Torrey Botanical Soc.127:19-32.

Ferry, G.W. R.G. Clark, R.E. Montomery, R.W.
Mutch, W.P. Leenhouts, and G. T. Zimmerman.
1995. Altered fire regimes within fire-adapted
ecosystems. Pages 222-224. In:  Our Living
Resources. W.T. LaRoe, G. S. Farris, C.E.
Puckett, P.D. Doran, and M.J. Mac eds.  U.S.
Department of the Interior, National Biological
Service, Washington, D.C. 530p.

Gilliam, F.S. and W.J. Platt.  1999.  Effects of long-
term fire exclusion on tree species composition
and stand structure in an old-growth Pinus
palustris (Longleaf pine) forest.  Plant Ecology
140:15-26.

Gray, G.L. 1992. Health emergency imperils western
forests. Resource Hotline. 8(9). Published by
American Forests.

Hardy, C. C., D. E. Ward, and W. Einfeld. 1992.
PM2.5 emissions from a major wildfire using a
GIS: rectification of airborne measurements. In:
Proceedings of the 29th Annual Meeting of the
Pacific Northwest International Section, Air and
Waste Management Association, November 11-
13, 1992, Bellevue, WA. Pittsburgh, PA: Air and
Waste Management Association.

Heinselman, M. L. 1978. Fire in wilderness ecosys-
tems. In: Wilderness Management. J. C.
Hendee, G. H. Stankey, and R. C. Lucas, eds.
USDA Forest Service, Misc. Pub. 1365

Hermann, S.M., T. Van Hook, R.W. Flowers, L.A.
Brennan, J.S. Glitzenstein, D.R. Streng, J.L.
Walker and R.L. Myers.  1998.  Fire and
biodiversity: studies of vegetation and
arthropods. Trans. North American Wildlife and
Natural Resources Conf. 63:384-401

Johnson, E.A.  1992.  Fire and Vegetation Dynamics:
Studies from the North American Boreal Forest.
Cambridge University Press, Cambridge.

Keeley, J.E., and C.J. Fotheringham.  1997.  Trace
gas emissions and smoke induced seed germi-
nation.  Science 276:1248-1250.

Page 180 of 644



– 19 –

2001 Smoke Management Guide 2.1 – The Wildland Fire Imperative

Kilgore, B. M., and M. L. Heinselman. 1990. Fire in
wilderness ecosystems.  In: Wilderness Man-
agement, 2nd ed. J. C. Hendee, G. H. Stankey,
and R. C.  Lucas, eds. North American Press,
Golden, CO. Pp. 297-335.

Kwilosz, J.R. and R.L. Knutson.  1999.  Prescribed
fire management of Karner blue butterfly
habitat at Indiana Dunes National Lakeshore.
Natural Areas Journal 19:98-108

Leenhouts, Bill. 1998. Assessment of biomass
burning in the conterminous United States.
Conservation Ecology [online] 2(1): 1. Avail-
able from the Internet. URL:

Mutch, R. W. 1994. Fighting fire with prescribed
fire—a return to ecosystem health. J. For.
92(11):31-33.

Mutch, R. W. 1997. Need for more prescribed fire:
but a double standard slows progress. In Pro-
ceedings of the Environmental Regulation and
Prescribed Fire Conference, Tampa, Florida.
March 1995.  Pp. 8-14.

Myers, R.L.  1990.  Scrub and high pine.  pages 150-
193  in (R.L. Myers and J.J. Ewel, eds.) Ecosys-
tems of Florida.  University of Central Florida
Press, Orlando.

National Wildfire Coordinating Group (NWCG).
1998. Managing Wildland Fire: Balancing
America’s Natural Heritage and the Public
Interest. National Wildfire Coordinating Group;
Fire Use Working Team [online]. Available
from the Internet. URL: http://www.fs.fed.us/
fire/fire_new/fireuse/wildland_fire_use/role/
role_pg8.html

Smith, J. Kapler (ed.).  2000.  Wildland fire in
ecosystems: effects of fire on fauna.  Gen. Tech.
Rep. RMRS-GTR-42-vol. 1. Ogden, UT.

Swain, A. 1973. A history of fire and vegetation in
northeastern Minnesota as recorded in lake
sediment. Quat. Res. 3: 383-396.

Swetnam, T. W. 1993. Fire history and climate
change in giant sequoia groves. Science.
262:885-889.

USDI and USDA Forest Service.  1995. Federal
wildland fire management policy and program
review. Final report. National Interagency Fire
Center, Boise, ID. 45 pp.

USDI and USDA Forest Service.  1998. Wildland
and prescribed fire management policy—
implementation procedures reference guide.
National Interagency Fire Center, Boise, ID. 81
pp. and appendices.

U.S. Environmental Protection Agency. 1998.
Interim air quality policy on wildland and
prescribed fires.  Final report. U.S. Environ-
mental Protection Agency.

Wade, D.D., J.J. Ewel, and R. Hofsetter.  1980.  Fire
in South Florida Ecosystems.  USDA Forest
Service General Technical Report SE-17.

Walker, J.  1993.  Rare vascular plant taxa associated
with the longleaf pine ecosystems: patterns in
taxonomy and ecology.  pages 105-125 in (S.M.
Hermann, ed.), The Longleaf Pine Ecosystem:
ecology, restoration, and management.  Pro-
ceedings of the Tall Timbers Fire Ecology
Conference, No. 18.

Watts, W.A., B.C.S. Hansen and E.C. Grimm.  1992.
Camel Lake – A 4000-year record of vegeta-
tional and forest history from northwest Florida.
Ecology 73:1056-1066.

Weaver, H. 1943. Fire as an ecological and silvicul-
tural factor in the ponderosa pine region of the
Pacific Slope. J. For. 41:7-14.

Whelan, R.J.  1995.  The Ecology of Fire.  Cam-
bridge University Press, Cambridge.

Page 181 of 644



Chapter 2 – Overview 2001 Smoke Management Guide

– 20 – Page 182 of 644



– 21 –

2001 Smoke Management Guide 2.2 – Smoke Management Imperative

The Smoke Management Imperative
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Introduction

In the past, smoke from prescribed burning was
managed primarily to avoid nuisance conditions
objectionable to the public or to avoid traffic
hazards caused by smoke drift across roadways.
While these objectives are still valid, today’s
smoke management programs are also likely to
be driven, in part, by local, regional and federal
air quality regulations.  These new demands on
smoke management programs have emerged as
a result of Federal Clean Air Act requirements
that include standards for regulation of regional
haze and the recent revisions to the National
Ambient Air Quality Standards (NAAQS) on
particulate matter.1

Development of the additional requirements
coincides with renewed efforts to increase use of
fire to restore forest ecosystem health.  These
two requirements are interrelated:

• The purity of the air we breathe is essen-
tial to our health and quality of our lives
and smoke from wildland and prescribed
fire can have adverse effects on public
health.

• The national forests, national parks and
wilderness areas set aside by Congress are
among the nation’s greatest treasures.
They inspire us as individuals and as a

nation.  Smoke from wildland burning can
obscure these natural wonders.

• Although smoke may be an inconvience
under the best conditions and a public
health and safety risk under the worst
conditions, without periodic fires, the
natural habitat that society holds in such
high esteem will decline and ultimately
dissapear.  In addition, as ecosystem
health declines, fuel increases to levels
that also pose significant risks for wildfire
and consequently additional safety risks.

• Wildland and prescribed fire managers are
entrusted with  balancing these and other,
often potentially conflicting  responsibili-
ties.  Fire managers are charged with the
task of increasing the use of fire to ac-
complish important land stewardship
objectives and, at the same time, are
entrusted to protect public safety and
health.

Purpose of a Smoke
Management Program

The purpose of a smoke management
program is to:

1  See Chapter 4, Regulations for Smoke Management, for details on specific requirements.
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• minimize the amount of  smoke entering
populated areas, preventing public health
and safety hazards (e.g. visual impairment
on roadways or runways) and problems at
sensitive sites (e.g. nursing homes or
hospitals),

• avoid significant deterioration of air
quality and NAAQS violations, and

• eliminate human-caused visibility impacts
in Class I areas.

Smoke management programs create a frame-
work of procedures and requirements for man-
aging smoke from prescribed fires and are
typically developed by States or tribes with
cooperation and participation from stakeholders.
Procedures and requirements developed through
partnerships are more effective at meeting
resource management goals, protecting public
health, and achieving air quality objectives than
programs that are created in isolation.  Sophisti-
cated programs for coordination of burning both
within a state and across state boundaries are
vital to obtain and maintain public support of
burning programs.  Fire use professionals are
increasingly encouraged to burn at a landscape
level.   In some cases, when objectives are based
in both ecology and fuel reduction, there is a
need to consider burning during challenging
times of the year (e.g. during the growing
season rather than the cooler dormant season).
Multiple objectectives for fire use are likely to
increase the challenges, consequently increasing
the value of partnerships for smoke manage-
ment.

Smoke management is increasingly recognized
as a critical component of a state or tribal air
quality program for protecting public health and
welfare while still providing for necessary
wildland burning.

Usually, either a state or tribal natural resources
agency or air quality agency is responsible for
developing and administering the smoke man-
agement program.  Occasionally a smoke
management program may be administered by a
local agency.  California, for example, relies on
local area smoke management programs.  Gen-
erally, on a daily basis the administering agency
approves or denies permits for individual burns
or burns meeting some criteria.  Permits may be
required for all fires or only for those that
exceed an established de minimis level (which
could be based on projections of acres burned,
tons consumed, or emissions).  Multi-day burns
may be subject to daily reassessment and re-
approval to ensure compliance with smoke
management program goals.

Advanced smoke management programs evalu-
ate individual and multiple burns; coordinate all
prescribed fire activities in an area; consider
cross-boundary (landscape) impacts; and weigh
decisions about fires against possible health,
visibility, and nuisance effects.  With increasing
use of fire for forest health and ecosystem
management, interstate and interregional coordi-
nation of burning will be necessary to prevent
episodes of poor air quality.  Development of,
and participation in, an effective smoke manage-
ment program by state agents and land manag-
ers will go a long way towards building and
maintaining public acceptance of prescribed
burning.

The Need for Smoke
Management Programs

The call for increasingly effective smoke man-
agement programs has occurred because of
public and governmental concerns about the
possible risks to public health and safety, as well
as nuisance and regional haze impacts of smoke
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from wildland and prescribed fires.  There are
also concerns about contributions to health-
related National Ambient Air Quality Standards.
Each of these areas is summarized below.2

Public Health Protection: Fine Particle
National Ambient Air Quality Standards.–
EPA’s most recent review of the National Ambi-
ent Air Quality Standards for Particulate Matter
(PM

10
) concluded that significant changes were

needed to assure the protection of public health.
In July of 1997, following an extensive review
of the global literature, EPA adopted a fine
particle (PM

2.5
) standard.3

These small particles are largely responsible for
the health effects of greatest concern and for
visibility reduction in the form of regional haze.
More on EPA’s fine particle standard is found
elsewhere in this Guide.

The close link between regional haze and the
new fine particle National Ambient Air Quality
Standards means that smoke from prescribed
fire is again at the center of attention for air
regulators charged with adopting control strate-
gies to attain the new standards.

Public Safety and Nuisance Issues.–Perhaps
the most immediate need for an effective smoke
management program is related to smoke
drifting across roadways and restricting motorist
visibility.  Each year, people are killed on the
nation’s highways because of dust storms,
smoke and fog. Wildland and prescribed fire
managers must recognize the legal issues related
to their professional activities.  Special care
must be taken in administering the smoke
management program to assure that smoke does
not obscure roadway or airport visibility.  Li-
ability issues vary by state.  Some states such as
Florida have “right-to-burn” laws that provide

some protection for fire use professionals with
specific training and certification.

Probably the most common air quality issues
facing wildland and prescribed fire managers
are those related to public complaints about
nuisance smoke.  Complaints may be about the
odor or soiling effects of smoke, poor visibility,
and impaired ability to breathe or other health-
related effects. Sometimes complaints come
from the fact that some people don’t like or are
fearful of smoke intruding into their lives.
Whatever the reason, fire managers have a
responsibility to try to prevent or resolve the
issue through smoke management plans that
recognize the importance of proper selection of
management and burning techniquesand burn
scheduling based on meteorological conditions.
In additioncommunity public relations and
education coupled with pre-burn notification can
greatly improve public acceptance of fire man-
agement programs.

Visibility Protection.–Haze that obstructs the
scenic beauty of the Nation’s wildlands and
national parks does not respect political bound-
aries.  Any program that is intended to reduce
visibility impairment in the nation’s parks and
wildlands must be based on multi-state coopera-
tive efforts or on national legislation.

In 1999, the U.S. EPA issued regional haze
regulations to manage and mitigate visibility
impairment from the multitude of regional haze
sources.4  Regional haze regulations call for
states to establish goals for improving visibility
in Class I national parks and wildernesses and to
develop long-term strategies for reducing emis-
sions of air pollutants that cause visibility
impairment.  Wildland and prescribed fire are
some of the sources of regional haze covered by
the new rules.

2 Details relating to Public Health effects, Problem and Nuisance Smoke, and Regional Haze are given in the sections
3.1, 3.3 and 4.1, respectively, of this Guide.

3 One thousand fine particles of this size could fit into the period at the end of this sentence.
4 [40 CFR Part 51]
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Past Success and Commitment
to Future Efforts

It is clearly noted in the preface to the 2001
Smoke Management Guide that conflicts among
natural resource needs, fire management, and air
quality issues are expected to increase.  It is
equally important to acknowledge the benefits
to air quality resulting from the many successful
smoke management efforts in the past two
decades.

Since the 1980s, federal, state, tribal, and local
land managers have recognized the potential

impacts of smoke emissions from their activi-
ties.  Additionally, they have sponsored and
pursued new efforts to learn the principles of
smoke management and to develop appropriate
smoke management applications.  Many early
smoke management successes resulted from
proactive, voluntary inclusion of smoke man-
agement components in many burn plans as
early as the mid-1980s.

NWCG and its partners are committed to fur-
thering their leadership role in the quest for new
information, technology, and innovative tech-
niques.  These 2001 revisions to the Guide are
evidence of that commitment.
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SMOKE IMPACTS

Chapter 3
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Public Health and Exposure to Smoke

John E. Core

Janice L. Peterson

Introduction

The purity of the air we breathe is an important
public health issue.  Particles of dust, smoke,
and soot in the air from many sources, including
wildland fire, can cause acute health effects.
The effects of smoke range from irritation of the
eyes and respiratory tract to more serious disor-
ders including asthma, bronchitis, reduced lung
function, and premature death.  Airborne par-
ticles are respiratory irritants, and high concen-
trations can cause persistent cough, phlegm,
wheezing, and physical discomfort when breath-
ing.  Particulate matter can also alter the body’s
immune system and affect removal of foreign
materials from the lung like pollen and bacteria.

This section discusses the effects of air pollu-
tion, especially particulate matter, on human
health and morbidity. Wildland fire smoke is
discussed as one type of air pollution that can be
harmful to public health1.

Human Health Effects of
Particulate Matter

Many epidemiological studies have shown
statistically significant associations of ambient
particulate matter levels with a variety of human
health effects, including increased mortality,
hospital admissions, respiratory symptoms and

illness measured in community surveys (Brauer
1999, Dockery and others 1993, EPA 1997).
Health effects from both short-term (usually
days) and long-term (usually years) particulate
matter exposures have been documented.  The
consistency of the epidemiological data in-
creases confidence that the results reported in
numerous studies justify the increased public
health concerns that have prompted EPA to
adopt increasingly stringent air quality stan-
dards (Federal Register 1997).  There remains,
however, uncertainty regarding the exact
mechanisms that air pollutants trigger to cause
the observed health effects (EPA 1996).

Figure 3.1.1 illustrates respiratory pathways
that form the human body’s natural defenses
against polluted air.  These pathways can be
divided into two systems - the upper airway
passage consisting of the nose, nasal passages,
mouth and pharynx, and the lower airway
passages consisting of the trachea, bronchial
tree, and alveoli.  While coarse particles (larger
than about 5 microns in diameter) are deposited
in the upper respiratory system, fine particles
(less than 2.5 microns in diameter) can pen-
etrate much deeper into the lungs.  These fine
particles are deposited in the alveoli where the
body’s defense mechanisms are ineffective in
removing them (Morgan 1989).

___________________________________

1 Information on the effects of smoke on firefighters and prescribed burn crews can be found in Section 3.4.
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On a smoggy day in a major metropolitan area,
a single breath of air may contain millions of
fine particles.  Some 74 million Americans —
28% of the population — are regularly exposed
to harmful levels of particulate air pollution
(EPA 1997).  In recent studies, exposure to fine
particles – either alone or in combination with
other air pollutants – has been linked with many
health problems, including:

• An estimated 40,000 Americans die
prematurely each year from respiratory
illness and heart attacks that are linked
with particulate exposure, especially
elderly people (EPA 1997).

• Children and adults experience aggravated
asthma.  Asthma in children increased
118% between 1980 and 1993, and it is
currently the leading cause of child hospi-
tal admissions (EPA 1997).

• Children become ill more frequently and
experience increased respiratory problems,
including difficult and painful breathing
(EPA 1997).

• Hospital admissions, emergency room
visits and premature deaths increase
among adults with heart disease, emphy-
sema, chronic bronchitis, and other heart
and lung diseases (EPA 1997).

The susceptibility of individuals to particulate
air pollution (including smoke) is affected by
many factors.  Asthmatics, the elderly, those
with cardiopulmonary disease, as well as those
with preexisting infectious respiratory disease
such as pneumonia may be especially sensitive
to smoke exposure.  Children and adolescents
may also be susceptible to ambient particulate
matter effects due to their increased frequency
of breathing, resulting in greater respiratory
tract deposition.  In children, epidemiological
studies reveal associations of particulate expo-
sure with increased bronchitis symptoms and
small decreases in lung function.

Fine particles showed consistent and statistically
significant relationships to short-term mortality
in six U.S. cities while coarse particles showed
no significant relationship to excess mortality in
five of the six cities that were studied (Dockery
and others 1993).

Figure 3.1.1:  Particle deposition in the respiratory system.
From: Canadian Center for Occupational Health & Safety, available at
http://www.ccohs.ca/oshanswers/ chemicals/how_do.html
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Impacts of Wildland Fire
Smoke on Public Health

There is not much data which specifically
examines the effects of wildland fire smoke on
public health, although some studies are
planned or underway.  We can, however, infer
health responses from the documented effects of
particulate air pollutants.  Eighty to ninety
percent of wildfire smoke (by mass) is within
the fine particle size class (PM2.5), making
public exposure to smoke a significant concern.

The Environmental Protection Agency has
developed some general public health warnings
for specific air pollutants including PM2.5
(table 3.1.1) (EPA 1999).  The concentrations in
table 3.1.1 are 24-hour averages, which can be
problematic when dealing with smoke impacts
that may be severe for a short period of time and
then virtually non-existent soon after.  Another
guidance document was developed recently to
relate short-term, 1-hour averages to the poten-
tial human health effects given in table 3.1.1
(Therriault 2001).

Figure 3.1.2 contains these short-term averages
plus approximate corresponding visual range in
miles.  Members of the public can use the
methods described to estimate visual range and
determine when air quality may be hazardous to
their health even if they are located in an area
that is not served by an official state air quality
monitor.

Figure 3.1.3 is an information sheet developed
during a prolonged wildfire smoke episode in
Montana during the summer of 2000.  The
questions and answers address many common
concerns voiced by the public during smoke
episodes.

Other Pollutants of Concern
in Smoke

Although the principal air pollutant of concern
is particulate matter, there are literally hundreds
of compounds emitted by wildland fires that are
found in very low concentrations.  Some of
these compounds that also deserve mention
include:

• Carbon monoxide has well known, serious
health effects including dizziness, nausea
and impaired mental functions but is
usually only of concern when people are in
close proximity to a fire (including fire-
fighters).  Blood levels of carboxyhemo-
globin tend to decline rapidly to normal
levels after a brief period free from expo-
sure (Sharkey 1997).

• Benzo(a)pyrene, anthracene, benzene and
numerous other components found in
smoke from wildland fires can cause head-
aches, dizziness, nausea, and breathing
difficulties.  In addition, they are of con-
cern because of long term cancer risks
associated with repeated exposure to
smoke.

• Acrolein and formaldehyde are eye and
upper respriatory irritants to which some
segments of the public are especially
sensitive.
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Figure 3.1.2.  Visibility range can be used by the public to assess air quality in areas with no state air
pollution monitors.

Conclusions

The health effects of wildland smoke are of real
concern to wildland fire managers, public health
officials, air quality regulators and all segments
of the public.  Fire practitioners have an impor-
tant responsibility to understand the potential
health impacts of fine particulate matter and
minimize the public’s exposure to smoke.

Wildland fire managers should be aware of
sensitive populations and sites that may be
affected by prescribed fires, such as medical
facilities, schools or nursing homes, and plan

burns to minimize the smoke impacts.  This is
especially true when exposure may be pro-
longed.  Days or weeks of smoke exposure are
problematic because the lung’s ability to sweep
these particles out of the respiratory passages
may be suppressed over time.  Prolonged expo-
sure may occur as the result of topographic or
meteorological conditions that trap smoke in an
area.  Familiarity with the location and seasonal
weather patterns can be invaluable in anticipat-
ing and avoiding potential problems while still
in the planning phase.

Page 193 of 644



Chapter 3 – Smoke Impacts 2001 Smoke Management Guide

– 32 –

What’s in smoke from a wildfire?
Smoke is made up of small particles, gases and water vapor.
Water vapor makes up the majority of smoke. The remainder
includes carbon monoxide, carbon dioxide, nitrogen oxide, irritant
volatile organic compounds, air toxics and very small particles.
Is smoke bad for me?
Yes. It’s a good idea to avoid breathing smoke if you can help it. If
you are healthy, you usually are not at a major risk from smoke.
But there are people who are at risk, including people with heart or
lung diseases, such as congestive heart disease, chronic
obstructive pulmonary disease, emphysema or asthma. Children
and the elderly also are more susceptible.
What can I do to protect myself?

• Many areas report EPA’s Air Quality Index for particulate
matter, or PM. PM (tiny particles) is one of the biggest
dangers from smoke. As smoke gets worse, that index
changes — and so do guidelines for protecting yourself. So
listen to your local air quality reports.

• Use common sense. If it looks smoky outside, that’s probably
not a good time to go for a run. And it’s probably a good time
for your children to remain indoors.

• If you’re advised to stay indoors, keep your windows and
doors closed. Run your air conditioner, if you have one. Keep
the fresh air intake closed and the filter clean.

• Help keep particle levels inside lower by avoiding using
anything that burns, such as wood stoves and gas stoves –
even candles. And don’t smoke. That puts even more pollution
in your lungs – and those of the people around you.

• If you have asthma, be vigilant about taking your medicines,
as prescribed by your doctor. If you’re supposed to measure
your peak flows, make sure you do so. Call your doctor if your
symptoms worsen.

How can I tell when smoke levels are dangerous? I don’t live
near a monitor.
Generally, the worse the visibility, the worse the smoke. In
Montana, the Department of Environmental Quality uses visibility
to help you gauge wildfire smoke levels.
How do I know if I’m being affected?
You may have a scratchy throat, cough, irritated sinuses, head-
aches, runny nose and stinging eyes. Children and people with
lung diseases may find it difficult to breathe as deeply or vigorously
as usual, and they may cough or feel short of breath. People with
diseases such as asthma or chronic bronchitis may find their
symptoms worsening.
Should I leave my home because of smoke?
The tiny particles in smoke do get inside your home. If smoke
levels are high for a prolonged period of time, these particles can
build up indoors. If you have symptoms indoors (coughing, burning
eyes, runny nose, etc.), talk with your doctor or call your county
health department. This is particularly important for people with
heart or respiratory diseases, the elderly and children.
Are the effects of smoke permanent?
Healthy adults generally find that their symptoms (runny noses,
coughing, etc.) disappear after the smoke is gone.
Do air filters help?
They do. Indoor air filtration devices with HEPA filters can reduce
the levels of particles indoors. Make sure to change your HEPA
filter regularly. Don’t use an air cleaner that works by generating
ozone. That puts more pollution in your home.

Do dust masks help?
Paper “comfort” or “nuisance” masks are designed to trap large
dust particles — not the tiny particles found in smoke.

These masks generally will not protect your lungs from wildfire
smoke.

How long is the smoke going to last?
That depends on a number of factors, including the number of
fires in the area, fire behavior, weather and topography.  Smoke
also can travel long distances, so fires in other areas can affect
smoke levels in your area.
I’m concerned about what the smoke is doing to my animals.
What can I do?
The same particles that cause problems for people may cause
some problems for animals. Don’t force your animals to run or
work in smoky conditions. Contact your veterinarian or county
extension office for more information.
How does smoke harm my health?
One of the biggest dangers of smoke comes from particulate
matter — solid particles and liquid droplets found in air. In smoke,
these particles often are very tiny, smaller than 2.5 micrometers in
diameter. How small is that? Think of this: the diameter of the
average human hair is about 30 times bigger.
These particles can build up in your respiratory system, causing a
number of health problems, including burning eyes, runny noses
and illnesses such as bronchitis. The particles also can aggravate
heart and lung diseases, such as congestive heart failure, chronic
obstructive pulmonary disease, emphysema and asthma.
What about firefighters?
Firefighters do experience short-term effects of smoke, such as
stinging, watery eyes, coughing and runny noses. Firefighters
must be in good physical condition, which helps to offset adverse
effects of smoke. In addition to being affected by particles,
firefighters can be affected by carbon monoxide from smoke. A
recent Forest Service study showed a very small percentage of
firefighters working on wildfires were exposed to levels higher
than occupational safety limits for carbon monoxide and irritants.
Why can’t the firefighters do something about the smoke?
Firefighters first priorities in fighting a fire are, by necessity,
protecting lives, protecting homes and containing the wildfire.
Sometimes the conditions that are good for keeping the air clear
of smoke can be bad for containing fires. A windy day helps
smoke disperse, but it can help a fire spread.
Firefighters do try to manage smoke when possible. As they
develop their strategies for fighting a fire, firefighters consider fire
behavior and weather forecasts, topography and proximity to
communities – all factors than can affect smoke.
Why doesn’t it seem to be as smoky when firefighters are
working on prescribed fires.
Land managers are able to plan for prescribed fires. They get to
choose the areas they want to burn, the size of those areas and
the weather and wind conditions that must exist before they begin
burning. This allows them to control the fire more easily and limit
its size. Those choices don’t exist with wildfires. In addition,
wildfires that start in areas that haven’t been managed with
prescribed fire often have more fuel, because vegetation in the
forest understory has built up, and dead vegetation has not been
removed.

This document was prepared by the Air Program, U.S. Forest Service – Northern Region, with assistance from the Office of Air
Quality Planning & Standards in the US Environmental Protection Agency. For more information, call 406-329-3493. August 2000.

Figure 3.1.3.  Public health information developed during the Montana wildfires of 2000.
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Visibility

John E. Core

Introduction

Every year there are over 280 million visitors to
our nation’s wilderness areas and national parks.
Congress has set these special places aside for
the enjoyment of all that seek spectacular and
inspiring vistas.  Unfortunately, many visitors
are not able to see the beautiful scenery they
expect.  During much of the year, a veil of haze
often blurs their view.  The haze is caused by
many sources of both natural and manmade air
pollution sources, including wildland fire.

This section describes measures of scenic
visibility, the properties of the atmosphere and
how these properties are affected by smoke from
wildland fires, natural and current visibility
conditions, as well as sources that contribute to
visibility degradation.  This is an important
issue to wildland fire practitioners because
smoke is of increasing interest to air regulators
responsible for solving regional haze problems.

Measures of Visibility Impairment

Visibility is most often thought of in terms of
visual range or the furthest distance a person can
see a landscape feature.  However, visibility is
more than how far one can see; it also encom-
passes how well scenic landscape features can
be seen and appreciated.  Changes in visual
range are not proportional to human perception.
For example, a five-mile change in visual range
can result in a scene change that is either imper-

ceptible or very obvious depending on the
baseline visibility conditions.  Therefore, a more
meaningful visibility index has been adopted.
The scale of this index, expressed in deciviews
(dv) is linear with respect to perceived visual
changes over its entire range, analogous to the
decibel scale for sound.  A one-deciview change
represents a change in scenic quality that would
be noticeable to most people regardless of the
initial visibility conditions.  A deciview of zero
is equivalent to clear air while deciviews greater
than zero depict proportionally increased visibil-
ity impairment (IMPROVE 1994).  The more
deciviews measured, the greater the impairment,
which limits the distance you can see.  Finally,
extinction in inverse megameters (Mm-1) is
proportional to the amount of light lost as it
travels through a million meters of atmosphere
and is most useful for relating visibility directly
to particulate concentrations.  Table 3.2.1 com-
pares each of these three forms of measurement
(Malm 1999).

Properties of the Atmosphere &
Wildland Fire Smoke

An observer sees an image of a distant object
because light is reflected from the object along
the sight path to the observer’s eye.  Any of this
image-forming light that is removed from the
sight path by scattering or light absorption
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reduces the image-forming information and
thereby diminishes the clarity of the landscape
feature.  Ambient light is also scattered into the
sight path, competing with the image-forming
light to reduce the clarity of the object of
interest.  This “competition” between image-
forming light and scattered light is commonly
experienced while driving in a snowstorm at
night with the car headlights on.

In addition, relative humidity also indirectly
affects visibility.  Although relative humidity
does not by itself cause visibility to be de-
graded, some particles, especially sulfates,
accumulate water from the atmosphere and
grow to a size where they are particularly
efficient at scattering light.  Poor visibility in
the eastern states during the summer months is
a result of the combination of high sulfate
concentrations and high relative humidity.

The sum of scattering and absorption is referred
to as atmospheric light extinction.  Particles that
are responsible for scattering are categorized as
primary and secondary where primary sources
include smoke from wildland fires and wind-
blown dust.  Other sources of secondary par-

Table 3.2.1. Comparison of the four expressions of visibility measurement.

ticles include sulfate and nitrate particles
formed in the atmosphere.  The closer the
particle size is to the wavelength of light, the
more effective the particle is in scattering light.
As a result, relatively large particles of wind-
blown dust are far less efficient in scattering
light per unit mass than are the fine particles
found in smoke from wildland fires.  Finally, an
important component of smoke from wildland
fires is elemental carbon (also known as soot),
which is highly effective in absorbing light
within the sight path.  This combination of light
absorption by elemental carbon and light
scattering caused by the very small particles
that make up wildland fire smoke explains why
emissions from wildland fire play such an
important role in visibility impairment.

The effect of regional haze on a Glacier Na-
tional Park vista is shown in the four panels of
figure 3.2.1.  The view is of the Garden Wall
from across Lake McDonald.  Particulate
concentrations associated with these photo-
graphs correspond to 7.6, 12.0, 21.7 and
65.3 µg/m3, respectively (Malm 1999).  Note
the loss of color and detail in the mountains as
the particulate concentrations increase and
visibility decreases.
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Figure 3.2.1.  The effect of regional haze on a Glacier National Park vista.
Photo courtesy of the National Park Service, Air Resources Division.

7.6 µg/m3 12.0 µg/m3

21.7 µg/m3 65.3 µg/m3

Natural Visibility Conditions

Some light extinction occurs naturally due to
scattering caused by the molecules that make up
the atmosphere.  This is called Rayleigh scatter-
ing and is the reason why the sky appears blue.
But even without the influence of human-caused
air pollution, visibility would not always reach
the approximately 240-mile limit defined by
Rayleigh scattering.  Naturally occurring par-
ticles, such as windblown dust, smoke from
natural fires, volcanic activity, and biogenic
emissions (e.g. pollen and gaseous hydrocarbon)
also contribute to visibility impairment although

the concentrations and sources of some of these
particles remain a point of investigation.

Average natural visibility in the eastern U.S. is
estimated to be about 60-80 miles (8-11 dv),
whereas in the western US it is about 110-115
miles (4.5-5 dv) (Malm 1999).   Lower natural
visibility in the eastern U.S. is due to higher
average humidity.  Humidity causes fine par-
ticles to stick together, grow in size, and become
more efficient at scattering light.  Under natural
conditions, carbon-based particles are respon-
sible for most of the non-Rayleigh particle-
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Figure 3.2.2. Average annual visual range, in miles, for the years 1996-1998 measured at IMPROVE network
monitors.

associated visibility reduction, with all other
particle species contributing significantly less.
Scattering from naturally occurring sulfate
particles from volcanic sulfur dioxide emis-
sions and oceanic sources of primary sulfate
particles are estimated to account for 9-12% of
the impairment in the East and 5% in the West
(NPS 1997).  It is expected that coastlines and
highly vegetated areas may be lower than these
averages, while some elevated areas (moun-
tains) could exceed these background esti-
mates.

Current Visibility Conditions

Currently, average visual range in the eastern
U.S. is about 15-30 miles, or about one-third
of the estimated natural background for the

East.  In the West, visual range currently aver-
ages about 60-90 miles, or about one-half of the
estimated natural background for the West.
Current annual visual range conditions ex-
pressed in miles are shown in figure 3.2.2.
Notice how much more impaired visibility is in
the East versus the West.

In the East, 60-70% of the visibility impairment
is attributed to sulfates.  Sulfate particles form
from sulfur dioxide gas, most of which is re-
leased from coal-burning power plants and other
industrial sources such as smelters, industrial
boilers, and oil refineries.  Carbon-based par-
ticles contribute about 20% of the impairment in
the East.  Sources of organic carbon particles
include vehicle exhaust, vehicle refueling,
solvent evaporation, food cooking, and fires.
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Elemental carbon particles (or light absorbing
carbon) are emitted by virtually all combustion
activities, but are especially prevalent in diesel
exhaust and smoke from wood burning.

In the West, sulfates contribute less than 30%
(Oregon, Idaho and Nevada) to 40-50% (Ari-
zona, New Mexico and Southwest Texas) of
light extinction.  Carbon particles in the West
are a greater percentage of the extinction budget
ranging from 50% or greater in the Northwest to
30-40% in the other western regions.  The
higher percentages of the extinction budget
associated with carbon particles in the West
appear to be from smoke emitted by wildland
and agricultural fires (NPS 1994).

In summary, the physics of light extinction in
the atmosphere coupled with the chemical
composition and physical size distribution of
particles in wildland fire smoke combine to
make fire (especially in the West) an important
contributor to visibility impairment.  Wildland
fire managers responsible for the protection of
the scenic vistas of this nation’s wilderness
areas and national parks have a difficult chal-
lenge in balancing the need to protect visibility
with the need to use fire for other resource
management goals.
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Problem and Nuisance Smoke

Gary L. Achtemeier

Bill Jackson

James D. Brenner

Introduction

The particulate matter (or particles) produced
from wildland fires can be a nuisance or safety
hazard to people who come in contact with the
smoke – whether the contact is directly through
personal exposure, or indirectly through visibil-
ity impairment.  Nuisance smoke is defined by
the US Environmental Protection Agency as the
amount of smoke in the ambient air that inter-
feres with a right or privilege common to
members of the public, including the use or
enjoyment of public or private resources (US
EPA 1990).

Although the vast majority of prescribed burns
occur without negative smoke impact, wildland
fire smoke can be a problem anywhere in the
country.  Complaints about loss of visibility,
odors, and soiling from ash fallout are not
unique to any region.  Reduced visibility from
smoke has caused fatal collisions on highways
in several states, from Florida to Oregon.  Ac-
rolein (and possibly formaldehyde) in smoke is
likely to cause eye and nose irritation for dis-
tances up to a mile from the fire, exacerbating
public nuisance conditions (Sandberg and Dost
1990).  The abatement of nuisance or problem
smoke is one of the most important objectives of
any wildland fire smoke management plan
(Shelby and Speaker 1990).

This section provides information on the issue
of visibility reduction from wildland fire smoke,
and focuses particularly on smoke as a major
concern in the Southern states.  Meteorology,
climate and topography combine with popula-
tion density and fire frequency to make nuisance
smoke a chronic issue in the South.  Lessons
from this regional example can be extrapolated
and applied to other parts of the country.  This
section also briefly summarizes tools currently
used or under development to aid the land
manager in reducing the problematic effects of
smoke.

Wildland fire smoke may also be a nuisance to
the public by producing a regional haze, which
is discussed in Section 3.2.

Nuisance Smoke and
Visibility Reduction

A prescribed fire is a combustion process that
has no pollution control devices to remove the
pollutants.  Instead, prescribed fire practitioners
often rely on favorable atmospheric conditions
to successfully disperse the smoke away from
smoke-sensitive areas, such as communities,
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areas of heavy vehicle traffic, and scenic vistas.
At times, however, unexpected changes in
weather (especially wind), or planning which
does not adequately factor in such elements as
topography, diurnal weather patterns, or residual
combustion, may result in an intrusion of smoke
that causes negative impacts on the public.

Smoke intrusions and nuisance- or safety-
related episodes may happen at any time during
the course of a wildland fire, but they frequently
occur in valley bottoms and drainages during the
night.  Within approximately one half hour of
sunset, air cools rapidly near the ground, and
wind speeds decline as the cooled stable airmass
“disconnects” from faster-moving air just above
it.  High concentrations of smoke accumulate
near the ground, particularly smoke from smol-
dering fuels that don’t generate much heat.
Smoke then tends to be carried through drain-
ages with little dispersion or dilution.  If the
drainages are wet, smoke can act as a nucleating
agent and can actually assist the formation of
local fog, a particular problem in the Southeast.
Typically, the greatest fog occurs where smoke
accumulates in a low drainage.  This can cause
hazardous conditions where a drainage crosses a
road or bridge, reducing visibility for traffic.

Visibility reduction may also result from the
direct impact of the smoke plume.  Fine par-
ticles (less than 2.5 microns in diameter) of
smoke are usually transported to the upper
reaches of the atmospheric mixing height, where
they are dispersed.  They may, however, disperse
gradually back to ground level in an unstable
atmosphere (figure 3.3.1).  When this occurs,
such intrusions of smoke can cause numerous
nuisance impacts as well as specific safety
hazards.

Visibility reduction is used as a metric of smoke
intrusions in several State smoke management
programs.  The State of Oregon program opera-
tional guidance defines a “moderately” intense
intrusion as a reduction of visibility from 4.6 to

11.4 miles from a background visibility of more
than 50 miles (Oregon Dept. Forestry 1992).
The State of Washington smoke intrusion
reporting system uses “slightly visible, notice-
able impact on visibility, or excessive impact on
visibility” to define light, medium and heavy
intrusions (Washington Dept. Natural Resources
1993).  The New Mexico program requires that
visibility impacts of smoke be considered in
development of the unit’s burn prescription
(New Mexico Environmental Improvement
Board 1995).

Smoke plume-related visibility degradation in
urban and rural communities is not subject to
regulation under the Clean Air Act.  Nuisance
smoke is usually regulated under state and local
laws and is frequently based on either public
complaint or compromise of highway safety
(Eshee 1995).  Public outcry regarding nuisance
smoke often occurs before smoke exposures
reach levels that violate National Ambient Air
Quality Standards. The Courts have ruled that
the taking of private property by interfering with
its use and enjoyment caused by smoke without
just compensation is in violation of federal
constitutional provisions under the Fifth
Amendment.  The trespass of smoke may
diminish the value of the property, resulting in
losses to the owner (Supreme Court of Iowa
1998).

Smoke as a Southern Problem

The Forest Atlas of the United States (figure
3.3.2) shows that the thirteen Southern states
contain approximately 40% of U.S. forests –
about 200 million acres.  While not all of this
forested land is regularly burned, the extensive
forest type generally known as “southern pines”
burns with a high fire frequency, about every 2-5
years.  When shrublands and grasslands are
added to the total, from four to six million acres
of southern wildlands are subjected to pre-
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Figure 3.3.1.  Graphic from the dispersion model VSmoke-GIS, showing the rise and
descent of a smoke plume during a daytime prescribed fire, assuming 25% of the
smoke disperses at ground level.

Figure 3.3.2.  National Atlas of Forest Cover Types.  Southern forests (outlined in blue extend
from Virginia to Texas and from the Ohio River southward and account for approximately 40% of
U.S. forest land.
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scribed fire each year.  This is by far the largest
acreage of wildlland subjected to prescribed fire
in any region of the country.

Figure 3.3.3 shows the 1998 Population Density
Classes for the United States.  Of particular
importance regarding problem smoke is the
class “Wildland/Urban Interface,” designated in
red.  A comparison with figure 3.3.2 shows that
the wildland/urban interface falls within much
of the range of Southern forests.  Southern
forests, with highest treatment intervals of
prescribed fire and with the largest acreages
subjected to prescribed fire, are connected with
human habitation and activity through an enor-
mous wildland/urban interface.  The potential
exists for significant smoke problems in this
region.

Smoke and Southern Climate

Several factors regarding climate add to the
smoke problem in the South.  The long growing

season allows time for more annual biomass
production relative to other areas of the country
with shorter growing seasons.  Most of the
Southern forests are located farther south than
forests elsewhere in the country.  Consequently,
the sun angle is higher in the South and is
capable of supplying warmth well into the late
fall and early winter.  Further, most southern
wildlands are located at low elevations where
the air is warmer.  These factors contribute to
the long growing season, which runs from
March/April through October/November.

Abundant rainfall also encourages growth of a
large number of grasses, shrubs, and trees.
Most of the South receives 40-60 inches (100-
150 cm) of precipitation annually.  This copious
rainfall, in combination with the long growing
season, creates conditions for rapid buildup of
both dead and live fuels.  If burns are not con-
ducted frequently, the increase in emissions
from the accumulated fuels may enhance the
likelihood of negative smoke impacts when fires
do occur.

Figure 3.3.3.  Population density classes showing wildland/urban interface in red.
Southern forests outlined in blue.  [http://www.fs.fed.us/fire/fuelman]
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The coincidence of dormant-season burning
with the winter rain season is a third factor
contributing to nuisance smoke.  Although
burning is conducted year round throughout the
South, a significant amount of burning is done
during January through March.  In a typical
year, anywhere from 10-20 inches (25-50 cm) of
rain will fall over Southern forests during this
three-month period.  In some areas of the coun-
try, the question might be, “Is it wet enough to
burn?”  In the South, the question is commonly,
“Is it dry enough to burn?”  Fires burning into
moist fuel burn less efficiently and smolder
longer than fires burning dry fuels.  Both factors
increase smoke production.  In addition, less
heat is produced during inefficient combustion
and smoldering.  Therefore, more smoke stays
near the ground and increases the risk of prob-
lem smoke.

Smoke and
Southern Meteorology

All thirteen Southern states have implemented
burning regulations designed to limit open
burning to those days when burning is consid-
ered “safe” and the risks of fire escapes are
minimal.  Many have implemented smoke
management regulations.  The need to conduct
burning in a manner to reduce impacts on air
quality over sensitive targets has encouraged
“best practice” approaches to open burning.

Efforts to avoid smoke incursions over sensitive
targets are often complicated by the highly
variable meteorology of Southern weather
systems during the extensive burn season.  Four
weather features that cause frequent wind shifts
and may be accompanied by rapid changes in air
mass stability and mixing height are described
below.

1. Synoptic scale high- and low-pressure
systems and accompanying fronts frequent
the South during the winter burn season.
In a typical sequence of events, the winds
shift to blow from the southeast through
southwest in advance of a storm, then shift
rapidly to the northwest with cold front
passage.  Winds blow from the northwest
for a day or so but gradually diminish with
the approach of a high pressure system,
becoming light and variable as the system
passes.  Then winds shift back to southerly
in advance of the next storm.  Low clouds,
low mixing heights, and high stability often
accompany low-pressure systems.  De-
pending upon moisture availability, cold
fronts may be accompanied by bands of
low clouds and precipitation.  Mixing
heights are more favorable during high-
pressure episodes.  Although the movement
of synoptic scale weather systems into the
South can be predicted with lead times of
several days, the timing of arrival of frontal
wind shifts over specific burn sites is less
certain.

2. Much of the Piedmont and Coastal Plain
are flat and it would be expected that winds
there are steady and predictable.  However,
the region is frequented by transient eddies
that can cause unexpected wind shifts and
carry smoke into sensitive areas.  The
vertical circulation of air that can force
smoke plumes to the ground or carry
smoke safely upward are well-understood,
but the location, timing and strength of the
vertical eddies cannot be predicted.  Hori-
zontal eddies have not been well docu-
mented, and the timing, location and
intensity cannot be predicted.

3. The South has the longest coastline of any
fire-prone area in the country.  Thus it is
axiomatic that large areas of the South are
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subject to wind shifts brought on by sea
breezes during the day and by land breezes
during the night.  However, the onset,
duration, and intensity of these land/water-
induced circulations are not consistent
from one day to the next.  The region is
subject at different times to warm, humid
airmasses drawn northward from the Gulf
of Mexico, or cold, dry airmasses drawn
southward from Canada.  Both systems
have an impact on land surface tempera-
tures, which results in a significant effect
on the duration and extent of land and sea
breezes and whether they form at all.  The
unpredictability of these wind systems adds
to the difficulties faced by Southern land
managers planning whether smoke from a
prescribed burn might impact downwind
sensitive targets.

4. The “flying wedge,” a wind system caused
by cold air channeled southwestward along
the eastern slopes of the Appalachian
Mountains, can cause sudden wind shifts
with large changes in wind direction and
lowering of mixing heights.  Although
Virginia, the Carolinas and Georgia are
most frequently impacted, flying wedges
have been observed as far south as central
Florida and as far west as the Mississippi
River. “Flying wedges” occur throughout
the year but are most intense, and hence
bring with them strong shifting winds and
lowering of mixing heights, during winter
and early spring, the period of maximum
wildland burning in the South.

Smoke and Southern Highways

As previously noted, several million acres of
Southern wildlands are burned each year, the
vast majority without incident.  However, smoke

and smoke-induced fog obstructions of visibility
on highways sometimes cause accidents with
loss of life and personal injuries.  Several
attempts to compile records of smoke-impli-
cated highway accidents have been made.  For
the 10-year period from 1979-1988, Mobley
(1989) reported 28 fatalities, over 60 serious
injuries, numerous minor injuries and millions
of dollars in lawsuits.  During 2000, smoke from
wildfires drifting across Interstate 10 caused at
least 10 fatalities, five in Florida and five in
Mississippi.  In their study of the relationship
between fog and highway accidents in Florida,
Lavdas and Achtemeier (1995) compared three
years of accident reports that mentioned fog
with fog reports at nearby National Weather
Service stations.  Highway accidents were more
likely to be associated with local ground radia-
tion fogs than with widespread advection fogs.
Accidents tended to happen when fog created
conditions of sudden and unexpected changes in
visibility.

There are several reasons why smoke on the
highways is a serious problem in the South,
some of them interrelated.

Road density: The density of the road network
in the South is far greater than in other wildland
areas in the country where prescribed fire is in
widespread use.  The difference in road density
between generally forested areas in the west and
in the south exists primarily because of land use
history.   While Western forested lands have
always been in forest, in the Southern area,
roads and communities remain essentially
unchanged from the old agricultural South.

Population in wildland areas: The population
dwelling near or within Southern wildlands is
greater than that in other areas of the country
where prescribed fire is in widespread use
(figure 3.3.3).  Many people live in close prox-
imity to Southern forests; many more live in
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areas interfacing fire-prone grasslands and
shrublands.  Southern States are becoming more
urban, and the numbers of tourists driving to
resort areas along the Gulf coast, the Atlantic
coast, and the Florida peninsula are increasing.
Therefore, the number of accidents related to
smoke and fog can only be expected to increase.

Climate and meteorology:  Factors of Southern
climate and meteorology combine to produce
airmasses that entrap smoke close to the ground
at night.  Smoke is most often trapped by either
a surface inversion or inversion aloft.  This is a
condition in which temperature increases with
height through a layer of the atmosphere.  Verti-
cal motion is restricted in this very stable air
mass.  Although most inversions dissipate with
daytime heating, inversions aloft caused by
large-scale subsidence may persist for several
days, resulting in a prolonged smoke manage-
ment problem

Most smoke-related highway accidents occur
just before sunrise when temperatures are
coldest and smoke entrapment has maximized
under a surface-level inversion.  The high sun
angle during the burn season contributes to
warm daytime temperatures.  Near sunset, under
clear skies and near calm winds, temperatures in
shallow stream basins can drop up to 20 degrees
F. in one hour (Achtemeier 1993).  Smoke from
smoldering heavy fuels can be entrapped near
the ground and carried by local drainage winds
into these shallow basins where temperatures
are colder and relative humidities are higher.
Hygroscopic particles within smoke can assist in
development of local dense fog.  Weak drainage
winds of approximately 1 mile per hour (0.5
m/sec) can carry smoke over 10 miles during the
night—far enough in many areas to carry the
smoke or fog over a roadway.

Problem Smoke: What is being
done to Minimize the Problem

As population growth in the South continues,
there is an increasing likelihood that more
people will be adversely impacted by smoke.
Unless methods are found to mitigate the im-
pacts of smoke, increasingly restrictive regula-
tions may curtail the use of prescribed fire, or
fire as a management tool may be prohibited.
Several approaches are underway to reduce the
uncertainty in predicting smoke movement.

•  Several states have devised smoke man-
agement guidelines to regulate the amount
of smoke put into the atmosphere from
prescribed burning.  The South Carolina
Forestry Commission (1998) has estab-
lished guidelines to define smoke sensitive
areas, amounts of vegetative debris that
may be burned, and atmospheric condi-
tions suitable for burning this debris.

• The Forestry Weather Interpretation
System (FWIS) was developed by the U.S.
Forest Service in the late 1970’s and early
1980’s in cooperation with the southern
forestry community (Paul 1981; Paul and
Clayton 1978).  The system has been
enhanced and automated by the Georgia
Forestry Commission (Paul et al. 2000) to
serve forestry sources in Georgia and
clients in other southern states.  The GFC
provides weather information and fore-
casts specified for forest districts, and
indices used for interpretations for smoke
management, prescribed fire, fire danger,
and fire behavior.  Indices include the
Keetch-Byram Drought Index, National
Fire Danger Rating System, Ignition
component, Burning Index, and Manning
Class Day.
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• High resolution weather prediction models
promise to provide increased accuracy in
predictions of wind speeds and directions
and mixing heights at time and spatial
scales useful for land managers.  The
Florida Division of Forestry (FDOF) is a
leader in the use of high resolution model-
ing for forestry applications in the South
(Brackett et al. 1997).  Accurate predic-
tions of sea/land breezes and associated
changes in temperature, wind direction,
atmospheric stability and mixing height
are critical to the success of the FDOF
system as much of Florida is located
within 20 miles of a coastline.  High
resolution modeling consortia are also
being established by the U.S. Forest
Service to serve clients with interests as
diverse as fire weather, air quality, ocean-
ography, ecology, and meteorology.

• Several smoke models are in operation or
are being developed to predict smoke
movement over Southern landscapes.
VSMOKE (Lavdas 1996), a Gaussian
plume model that assumes level terrain
and unchanging winds, predicts smoke
movement and concentration during the
day.  VSMOKE is now part of the FDOF
fire and smoke prediction system.  It is a
screening model that aids land managers
in assessing where smoke might impact
sensitive targets as part of planning for
prescribed burns.  PB-Piedmont
(Achtemeier 2001) is a wind and smoke
model designed to simulate smoke move-
ment near the ground under entrapment
conditions at night.  The smoke plume is
simulated as an ensemble of particles that
are transported by local winds over com-
plex terrain characteristic of the shallow
(30-50 m) interlocking ridge/valley sys-
tems typical of the Piedmont of the South.
PB-Piedmont does not predict smoke

concentrations as emissions from smolder-
ing combustion are usually not known.
Two sister models are planned, one that
will simulate near ground smoke move-
ment near coastal areas influenced by sea/
land circulations and the other for the
Appalachian mountains.

In summary, the enormous wildland/urban
interface and dense road network located in a
region where up to six million acres of wild-
lands per year are subject to prescribed fire
combine to make problem smoke the foremost
land management-related air quality problem in
the South.  During the daytime, smoke becomes
a problem when it drifts into areas of human
habitation.  At night, smoke can become en-
trapped near the ground and, in combination
with fog, create visibility reductions that cause
roadway accidents.  Public outcry regarding
problem smoke usually occurs before smoke
exposures increase to levels that violate air
quality standards.  With careful planning and
knowledge of local conditions, the fire manager
can usually avoid problematic smoke intrusions
on the public.
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Smoke Exposure Among
Fireline Personnel

Roger D. Ottmar

Timothy R. Reinhardt

Wildland firefighting presents many hazards to
fireline workers, including inhalation exposure
to smoke (Sharkey 1998; Reinhardt and Ottmar
1997; Sharkey 1997).  Many experienced
fireline personnel consider this to be only an
inconvenience, occasionally causing acute cases
of eye and respiratory irritation, nausea and
headache.  Others express concern about long-
term health impacts, especially when large-
scale fires occur in terrain and atmospheric
conditions that force fireline workers to work
for many days in smoky conditions.  At the
present time, no one can say whether there are
long-term adverse health effects from occupa-
tional smoke exposure.  This is because there
have been no epidemiological studies to track
the health of fireline personnel and compare it
with other workers to see if fireline personnel
have more or fewer health problems during and
after their careers.  Until such long-term data
are examined to tell us if a problem exists, we
can only assess the occurrence of relatively
short-term adverse health effects.  We can
measure fireline worker’s exposure to particles
and individual chemicals found in smoke and
compare these exposures to standards estab-
lished to protect worker health (Reinhardt and
Ottmar 2000; Reinhardt and others 2000;
Reinhardt and others 1999).  We can evaluate
the relative risk of disease among fireline

workers based on the exposure data and the
potency of the health hazards (Booze and
Reinhardt 1996).

Health Hazards in Smoke

Smoke from wildland fires is composed of
hundreds of chemicals in gaseous, liquid, and
solid forms (Sandberg and Dost 1990; Reinhardt
and Ottmar 2000; Reinhardt and others 2000;
Sharkey 1998; Sharkey 1997).  The chief inhala-
tion hazards for fireline personnel and to the
general public when they are exposed to smoke
appear to be carbon monoxide and respirable
irritants which include particulate matter, ac-
rolein, and formaldehyde.

Carbon Monoxide — Carbon monoxide (CO)
has long been known to interfere with the body’s
ability to transport oxygen.  It does this by
bonding with hemoglobin, the molecule in the
bloodstream which shuttles oxygen from the
lungs throughout the body, to form carboxyhe-
moglobin (COHb).  When people are exposed to
CO, the time until a toxic level of COHb results
can be predicted as a function of CO concentra-
tion, breathing rate, altitude, and other factors
(Coburn, Forster and Kane 1965).  The harder
the work and the higher the altitude, the more
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rapidly COHb forms at a given level of atmo-
spheric CO.  At the highest CO levels found in
heavy smoke, symptoms of excessive COHb can
result in 15 minutes during hard physical labor.

Carbon monoxide causes acute effects ranging
from diminished work capacity to nausea,
headache, and loss of mental acuity.  It has a
well-established mechanism of action, causing
displacement of oxygen from hemoglobin in the
blood and affecting tissues that do not stand the
loss of oxygen very well, such as the brain,
heart, and unborn children.  Fortunately, most of
these effects are reversible and CO is rapidly
removed from the body, with a half-life on the
order of 4 hours.  Some studies have linked CO
exposure to longer-term heart disease, but the
evidence is not clearcut.

Respirable Irritants — Experienced fireline
workers can attest to eye, nose and throat irrita-
tion at both wildfires and prescribed burns.
Burning eyes, runny nose, and scratchy throat
are common symptoms in smoky areas at
wildland fires, caused by the irritation of mu-
cous membranes.  These adverse health effects
are symptoms of exposure to aldehydes, includ-
ing formaldehyde, acrolein, as well as respirable
particulate matter (PM2.5)—very fine particles
less than a few micrometers (µm) in diameter—
composed mostly of condensed organic and
inorganic carbon (Dost 1991).  Other rapid
adverse health effects of aldehydes include
temporary paralysis of the respiratory tract cilia
(microscopic hairs which help to remove dust
and bacteria from the respiratory tract) and
depression of breathing rates (Kane and Alarie
1977), while over the long term, formaldehyde
is considered a potential cause of nasal cancer
(U.S. Department of Labor, Occupational Safety
and Health Administration 1987).

Adverse health effects of smoke exposure begin
with acute, instantaneous eye and respiratory
irritation and shortness of breath but can de-
velop into headaches, dizziness and nausea
lasting up to several hours.  The aldehydes, such
as acrolein and formaldehyde, and PM2.5 cause
rapid minor to severe eye and upper respiratory
tract irritation.  Total supsended particulate
(TSP) also irritates the eyes, upper respiratory
tract and mucous membranes, but the larger
particulates in TSP do not penetrate as deeply
into the lungs as the finer PM2.5 particles.
Longer-term health effects lasting days to
perhaps months have recently been identified
among fireline workers, including modest losses
of pulmonary function.  These include a slightly
diminished capacity to breathe, constriction of
the repsiratory tract, and hypersensitivity of the
small airways (Letts and others 1991; Reh and
others 1994).

A discussion of particulate inhalation hazards
faced by fireline personnel is incomplete with-
out mentioning crystalline silica, which can be
an additional hazard in the presence of smoke.
If crystalline silica is a component of the soil at
a site, dust stirred up by walking, digging, mop-
up, or vehicles may be a significant irritation
hazard, and the threat of silicosis (fibrous
scarring of the lungs decreasing oxygenation
capability) is a possibility.

Evaluation Criteria

On what basis do we decide whether smoke
exposure is safe or unsafe?  Workplace expo-
sures to health hazards must be evaluated with
care for several reasons.  First, people vary in
their sensitivity to pollutants.  Second, personal
habits and physical condition are important
factors.  For example, smokers already com-
monly experience 5% COHb because of the CO
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from their cigarettes, thus they may be at greater
risk of adverse health effects from additional
CO exposure at fires.  Assumptions are made by
regulatory agencies when establishing exposure
limits.  These assumptions may not be valid for
the wildland fire workplace.  For example, the
current CO standard was set to protect a seden-
tary worker in an 8-hour per day job over a
working lifetime, not a hard-working fireline
worker on a 12-hour/day job for a few summers.

Given these issues, how should we judge the
safety of smoke exposure?  At a minimum, a
fireline worker’s inhalation exposures must
comply with the occupational exposure limits,
called “Permissible Exposure Limits” (PEL’s),
by the Occupational Safety and Health Adminis-
tration (OSHA) (U.S. Department of Labor,
Occupational Safety and Health Administration
1994).  These limits are set at levels considered
feasible to attain, and necessary to protect most
workers from adverse health effects over their
working lifetime.  The more stringent expo-
sure limits recommended by the American
Conference of Governmental Industrial Hygien-
ists (ACGIH) are the “Threshold Limit Values”
(TLVs) (American Conference of Governmental

Industrial Hygienists 2000).  These are also
established to prevent adverse health effects in
most workers, but without adjustment for
economic feasibility.  The ACGIH limits are
periodically updated to incorporate the latest
scientific knowledge where as many of the
PEL’s have not been revised since the 1960’s.
All exposure limits are expressed in terms of a
time-weighted average (TWA) exposure, which
is an average exposure over the workshift.  For
health hazards which quickly cause adverse
effects from acute exposures, the limits are
supplemented by short-term exposure limits
(STELs) for 15-minute periods in a workshift
and ceiling exposure limits (C), which are not to
be exceeded at any time.  These various expo-
sure limits are listed in table 3.4.1, along with a
third set of “Recommended Exposure Limits”
established by the National Institute for Occupa-
tional Safety and Health; these also incorporate
recent scientific evidence.  Depending on the
pollutant, the units of measure are either milli-
grams per cubic meter of air (mg/m3) or parts
per million by volume (ppm).  Without a more
detailed analysis of a given work/rest regime,
adhering to the ACGIH TLV limits should
provide reasonable protection for workers.

     
  

Table 3.4.1. Occupational exposure limitsa
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Smoke Exposure at Prescribed
Burns and Wildfires

Several studies (Reinhardt and Ottmar 1997)
have evaluated smoke exposure during pre-
scribed burns by obtaining personal exposure
samples, which are collected within a foot of a
worker’s face (the breathing zone) while they
are on the job (figure 3.4.1).  One study in
particular measured smoke exposure among
fireline workers at 39 prescribed burns in the
Pacific Northwest.  The study found that about
10% of firefighter exposures to respiratory
irritants and CO exceeded recommended occu-
pational exposure limits (Reinhardt and others
2000) and could pose a hazard.  The actual
incidence of illness and mortality among wild-
land fireline workers has not been systemati-
cally studied, but short-term adverse health
impacts have been observed among fireline
personnel at prescribed fires.  A study in 1992-
93 found small losses in lung function among 76

fireline personnel working at prescribed burns
(Betchley and others 1995).

Between 1992 and 1995 a study of smoke
exposure and health effects at wildfires in the
western United States found results similar to
those at prescribed fires.  Exposure to carbon
monoxide and respiratory irritants exceeded
recommended occupational exposure limits for
5 percent of workers (Reinhardt and Ottmar
2000).

At wildfires where fireline workers encounter
concentrated smoke, or moderate smoke over
longer times, there is a likelihood that many will
develop symptoms similar to those seen at
prescribed fires.  In 1988, engine-based
firefighters of the California Department of
Forestry and Fire Protection underwent lung
function testing before and after the fire season.
Small (0.3 to 2%) losses in lung function were
observed among the firefighters.  These losses

Figure 3.4.1. Bitterroot Hotshot crew member wearing backpack that obtains smoke
exposure samples collected within several inches of a worker’s face.
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were associated with the amount of recent
firefighting activity in the study period.  The
firefighters also reported increased eye and nose
irritation and wheezing during the fire season.

Monitoring Smoke Exposure of
Fireline workers

During prescribed fire and wildfire exposure
studies, it was found that exposure to respiratory
irritants could be predicted from measurements
of carbon monoxide (Reinhardt and Ottmar
2000).  Fire managers and safety officers con-
cerned with smoke exposure among fire crews
can use electronic carbon monoxide (CO)
monitors to track and prevent overexposure to
smoke (figure 3.4.2).  Commonly referred to as

dosimeters, these lightweight instruments
measure the concentration of CO in the air
thatfireline personnel breath.  Protocols have
been developed for sampling smoke exposure
among fireline workers with CO dosimeters.
These protocols and a basic template have been
outlined by Reinhardt and others (1999) for
managers and safety officers interested in
establishing their own smoke-exposure monitor-
ing program.

Respirator Protection

The Missoula Technology and Development
Center (MTDC) has the lead role in studying
respiratory protection for fireline workers
(Thompson and Sharkey 1966, Sharkey 1997).

Figure 3.4.2. Carbon monoxide exposure data from a electronic CO data recorder for a fireline worker
during a work-shift on a prescribed fire (Reinhardt and others 2000)
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Although respirators reduce work capacity, they
may have merit under certain circumstances to
minimize hazardous exposures.  Field evalua-
tions by MTDC found that disposable respira-
tors were acceptable for short-term use but they
deteriorated in the heat during several hours of
use (Sharkey 1997).  Maintenance free half-
mask devices were satisfactory, except for the
heat stress found with all facemasks.   Full-face
masks were preferred for the long-term use on
prescribed fires because of the eye protection
they provided, but workers often complained of
headaches, a sign of excess CO exposure since
respirators do not eliminate the intake of CO
(Sharkey 1997).  Full-face respirators protect the
eyes, removing eye irritation as an important
early warning of exposure to smoke. Any respi-
ratory protection program for fireline workers
would require employees to be instructed and
trained in the proper use and limitations of the
respirators issued to them.

Management Implications

Evidence to date suggests that fireline workers
exceed recommended exposure limits during
prescribed burns and wildfires less than 10
percent of the time (Reinhardt and others 2000;
Reinhardt and Ottmar 2000). The concept that
few fireline personnel spend a working lifetime
in the fire profession and should be exempt from
occupational exposure standards which are set
to protect workers over their careers is little
comfort to those who do, and irrelevant for
irritants and fast-acting hazards such as CO.
Most of the exposure limits that are exceeded
are established to prevent acute health effects,
such as eye and respiratory irritation, headache,
nausea and angina.  An exposure standard
specifically for fireline workers, and appropriate

respiratory protection, needs to be developed.
In addition, a long-term program to manage
smoke exposure at wildland fires is needed
(Sharkey 1997).  The program could include:
1) hazard awareness training; 2) implementation
of practices to reduce smoke exposure; 3)
routine CO monitoring with electronic dosim-
eters (Reinhardt and others 1999); 4) improved
record keeping on accident reports to include
separation of smoke related illness among
fireline workers and fire camp personnel; and 4)
implementing and training for an OSHA-
compliant respirator program to protect fireline
personnel from respiratory irritants and CO
when they must work in smoky conditions.
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Regulations For Smoke Management

Janice L. Peterson

Some of the components of smoke from pre-
scribed fire are regulated air pollutants.  And, as
with any other rule or regulation, fire managers
must understand and follow federal, state, and
local regulations designed to protect the public
against possible negative effects of air pollution.

Air pollution is defined as the presence in the
atmosphere of a substance or substances added
directly or indirectly by a human act, in such
amounts as to adversely affect humans, animals,
vegetation, or materials (Williamson 1973).  Air
pollutants are classified into two major catego-
ries:  primary and secondary.  Primary pol-
lutants are those directly emitted into the air.
Under certain conditions, primary pollutants can
undergo chemical reactions within the atmo-
sphere and produce new substances known as
secondary pollutants.

Emissions from prescribed fire are managed and
regulated through an often-complex web of
interrelated laws and regulations.  The over-
arching law that is the foundation of air quality
regulation across the nation is the Federal Clean
Air Act (Public Law 95-95).

Federal Clean Air Act

In 1955, Congress passed the first Federal Clean
Air Act with later amendments in 1967, 1970,

1977, and 1990.  The Clean Air Act is a legal
mandate designed to protect public health and
welfare from air pollution.  States develop
specific programs for implementing the goals of
the Clean Air Act through their State Implemen-
tation Plans (SIP’s).  States may develop pro-
grams that are more restrictive than the Clean
Air Act requires but never less.  Burners must
know the specifics of state air programs and
how fire emissions are regulated to responsibly
conduct a prescribed fire program.

Roles and Responsibilities

Although the Clean Air Act is a federal law and
therefore applies to the entire country, the states
do much of the work of implementation.  The
Act recognizes that states should have the lead
in carrying out provisions of the Clean Air Act,
since appropriate and effective design of pollu-
tion control programs requires an understanding
of local industries, geography, transportation,
meteorology, urban and industrial development
patterns, and priorities.

The Clean Air Act gives the Environmental
Protection Agency (EPA) the task of setting
limits on how much of various pollutants can be
in the air where the public has access1 (ambient
air).  These air pollution limits are the National
Ambient Air Quality Standards or NAAQS and

___________________________________

1   Note that the Occupational Safety and Health Administration (OSHA), rather than EPA, sets air quality standards
for worker protection.
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are intended to be established regardless of
possible costs associated with achieving them,
though EPA is allowed to consider the costs of
controlling air pollution during the implementa-
tion phase of the NAAQS in question.  In addi-
tion, EPA develops policy and technical
guidance describing how various Clean Air Act
programs should function and what they should
accomplish.  States develop State Implementa-
tion Plans (SIPs) that define and describe cus-
tomized programs that the state will implement
to meet requirements of the Clean Air Act.
Tribal lands are legally equivalent to state lands
and tribes prepare Tribal Implementation Plans
(TIPs) to describe how they will implement the
Clean Air Act.  The individual states and tribes
can require more stringent pollution standards,
but cannot weaken pollution goals set by EPA.
The Environmental Protection Agency must
approve each SIP/TIP, and if a proposed or active
SIP/TIP is deemed inadequate or unacceptable,

EPA can take over enforcing all or parts of the
Clean Air Act requirements for that state or tribe
through implementation of a Federal Implemen-
tation Plan or FIP (figure 4.1.1).

National Ambient Air
Quality Standards

The primary purpose of the Clean Air Act is to
protect humans against negative health or
welfare effects from air pollution.  National
Ambient Air Quality Standards (NAAQS) are
defined in the Clean Air Act as amounts of
pollutant above which detrimental effects to
public health or welfare may result.  NAAQS
are set at a conservative level with the intent of
protecting even the most sensitive members of
the public including children, asthmatics, and
persons with cardiovascular disease.  NAAQS

Figure 4.1.1. Role of EPA and the states and tribes in Clean Air Act implementation.
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have been established for the following criteria
pollutants:  particulate matter2 (PM10 and
PM2.5), sulfur dioxide (SO2), nitrogen dioxide
(NO2), ozone, carbon monoxide and lead (table
4.1.1).  Primary NAAQS are set at levels to
protect public health; secondary NAAQS are to
protect public welfare.  The standards are
established for different averaging times, for
example, annual, 24-hour, and 3-hour.

  
  

  
   
   

  
   
   

  
 
 
 
 

  
  
  

  
 
 

  
 

  
   

 

Table 4.1.1. National Ambient Air Quality Standards.

The major pollutant of concern in smoke from
wildland fire is fine particulate matter, both
PM10 and PM2.5.  Studies indicate that 90
percent of smoke particles emitted during
wildland burning are PM10 and about 90
percent of PM10 is PM2.5 (Ward and Hardy
1991).  The most recent human health studies
on the effects of particulate matter indicate that
it is fine particles, especially PM2.5, that are
largely responsible for health effects including

___________________________________

2  Particulate matter NAAQS are established for two aerodynamic diameter classes:  PM10 is particulate matter 10
micrometers or less in diameter, and PM2.5 is particulate matter that is 2.5 micrometers or less in diameter.
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mortality, exacerbation of chronic disease, and
increased hospital admissions (Dockery and
others 1993, EPA 1996).

An area that is found to be in violation of a
primary NAAQS is labeled a non-attainment
area (figure 4.1.2).  An area once in non-attain-
ment but recently meeting NAAQS, and with
appropriate planning documents approved by
EPA, is a maintenance area.  All other areas are
attainment or unclassified (due to lack of moni-
toring).  State air quality agencies can provide

up-to-date locations of local non-attainment
areas3.  States are required through their SIP’s to
define programs for implementation, mainte-
nance, and enforcement of the NAAQS within
their boundaries.  A non-attainment designation
is a black mark on the states air agency’s ability
to protect citizens from the negative effects of
air pollution so states generally develop aggres-
sive programs for bringing non-attainment areas
into compliance with clean air goals.  Wildland
fire in and near non-attainment areas will be
scrutinized to a greater degree than in attain-

Figure 4.1.2.  PM10 nonattainment areas as of August 2001. See the EPA AIRData web page for
current nonattainment status for PM10 and al other criteria pollutants
(http://www.epa.gov/air/data/mapview.html).

___________________________________

3  PM2.5 is a newly regulated pollutant so attainment/non-attainment status has not yet been determined.   Monitoring
must take place for at least 3 years before a designation can be made.
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ment areas (and may be subject to General
Conformity rules, see section 4.3:  Federal Land
Management-Special Requirements).  Extra pre-
planning, documentation, and careful scheduling
of wildland fires will likely be required to
minimize smoke effects in the non-attainment
area to the greatest extent possible.  In some
cases, the use of fire may not be possible if
significant impacts to a non-attainment area are
likely.

Natural Events Policy

PM10 NAAQS exceedences caused by natural
events are not counted toward non-attainment
designation if a state can document that the
exceedance was truly caused by a natural event
and if the state then prepares a Natural Events
Action Plan (NEAP) to address human health
concerns during future events4.  Natural events
are defined by this policy as wildfire, volcanic
and seismic events, and high wind events.
Prescribed fires used to mimic the natural role
of fire in the ecosystem are not considered
natural events under this policy.  In response to
this potential conflict of terms, the Interim Air
Quality Policy on Wildland and Prescribed Fires
(EPA 1998) states that EPA will exercise its
discretion not to redisignate an area as non-
attainment if the evidence is convincing that
fires managed for resource benefits caused or
significantly contributed to violations of the
daily or annual PM2.5 or PM10 standards and
the state has a formal smoke management
program (see Section 4.2:  State Smoke Man-
agement Programs for more information).

A NEAP is developed by the state air pollution
control agency in conjunction with the stake-

holders affected by the plan.  States should
include input from Federal, state, and private
land managers in areas vulnerable to fire when
developing a wildland fire NEAP.  Also, agen-
cies responsible for suppressing fires, local
health departments, and citizens in the affected
area should be involved in developing the plan.
The NEAP should include documented agree-
ments among stakeholders as to planned actions
and the parties responsible for carrying out
those actions.

A wildfire NEAP should include commitments
by the state and stakeholders to:

1. Establish public notification and education
programs.

2. Minimize public exposure to high concen-
trations of PM10 due to future natural
events such as by:

- identifying the people most at risk,

- notifying the at-risk public that an event
is active or imminent,

- recommending actions to be taken by the
public to minimize their pollutant expo-
sure,

- suggesting precautions to take if expo-
sure cannot be avoided.

3. Abate or minimize controllable sources of
PM10 including the following:

- prohibition of other burning during
pollution episodes caused by wildfire,

- proactive efforts to minimize fuel load-
ings in areas vulnerable to fire,

- planning for prevention of  NAAQS
exceedances in fire management plans.

___________________________________

4   Nichols, Mary D. 1996.  Memorandum dated May 30 to EPA Regional Air Directors.  Subject: Areas Affected by
PM10 Natural Events.  Available from the EPA Technology Transfer Network, Office of Air and Radiation Policy and
Guidance at http://www.epa.gov/ttn/oarpg.
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4. Identify, study, and implement practical
mitigating measures as necessary.

5. Periodic reevaluation of the NEAP.

Preparation of a NEAP provides the opportunity
for land managers to formally document, in
cooperation with state air agencies, that it is
appropriate to consider prescribed fire a preven-
tion, control, and mitigation measure for wild-
fire (see item 4 above).  Prescribed fire can be
used to minimize fuel loadings in areas vulner-
able to fire so that future wildfires can be con-
tained in a smaller area and will produce less
emissions.  This can lead to a greater under-
standing by state air agencies of the potential air
quality benefits from some types of prescribed
fire in certain ecosystems.  A recent NEAP
prepared for the Chelan county area of Washing-
ton State accomplished this goal5.  The Chelan
County NEAP recognizes planned efforts by the
Wenatchee National Forest to reduce fuel
loadings through thinning, pruning of lower
branches, and careful use of prescribed fire as
ways to minimize public exposure to particulate
matter during wildfire season.

Hazardous Air Pollutants

Hazardous air pollutants or (HAPs) are identi-
fied in Title III of the Clean Air Act Amend-
ments of 1990 (Public Law 101-549) as 188
different pollutants “which present, or may
present, through inhalation or other routes of
exposure, a threat of adverse human health or
environmental effects whether through ambient
concentrations, bioaccumulation, deposition, or

other routes.”  The listed HAPs are substances
which are known or suspected to be carcino-
genic, mutagenic, teratogenic, neurotoxic, or
which cause reproductive dysfunction.  Criteria
pollutants (the six pollutants that are regulated
through established National Ambient Air
Quality Standards) are excluded from the list of
HAPs.

De minimis Emission Levels

Air quality regulations allow omission of certain
pollution sources in air quality impact analyses
if they are considered very minor and are certain
to have no detrimental effects.  These sources
are considered to emit pollutant amounts below
de minimis levels.  For example, burning a slash
pile with less than 100 tons of material is not
subject to permit or regulation in some areas.
Emissions below de minimis levels are often
excluded from air quality regulations so this is
an important concept to define in reference to
wildland fire.  De minimis levels have been
defined for many industrial sources but little
guidance is available for many wildland activi-
ties including prescribed fire.  Some states have
locally defined de minimis levels for example in
Utah, fires less than 20 acres per day in size and
emitting less than 0.5 ton of total particulate per
day are considered de minimis and can be
ignited without permit if burners register the
project and comply with clearing index proce-
dures.  Definition of de minimis levels is a topic
that needs further discussion between wildland
fire managers and regulatory agencies so guid-
ance can be developed at the local and/or na-
tional level.

___________________________________

5  Washington Department of Ecology. June 1997. Natural event action plan for wildfire particulate matter in Chelan
County, Washington. 21p. Available from the Washington Department of Ecology, PO Box 47600, Olympia, WA 98504-
7600.
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Prevention of Significant
Deterioration

Another provision of the Clean Air Act that
sometimes comes up when discussing wildland
burning activities is the Prevention of Signifi-
cant Deterioration provisions or PSD.  The goal
of PSD is to prevent areas that are currently
cleaner than is allowed by the NAAQS from
being polluted up to the maximum ceiling
established by the NAAQS.  States and tribes
use the permitting requirements of the PSD
program to manage and limit air pollution
increases over a baseline concentration.  A PSD
baseline is the pollutant concentration at a point
in time when the first PSD permit was issued for
the airshed.   New or modified major air pollu-
tion sources must apply for a PSD permit prior
to construction and test their proposed emissions
against allowable PSD increments.

Three air quality classes were established by the
Clean Air Act, PSD provisions, including Class
I, Class II, and Class III.  Class I areas are
subject to the tightest restrictions on how much
additional pollution, or increment, can be added
to the air.  Class I areas include Forest Service
wildernesses and national memorial parks over
5000 acres, National parks exceeding 6000
acres, and international parks, all of which must
have been in existence as of August 7, 1977,
plus later expansions to these areas (figure
4.1.3).  These original Class I areas are declared
“mandatory” and can never be redesignated to
another air quality classification.  In addition, a
few Indian tribes have redesignated their lands
to Class I.  Redesignated Class I areas are not
mandatory Class I areas so are not automatically
protected by all the same rules as defined by the
Clean Air Act unless a state or tribe chooses,
through a SIP or TIP, to do so.  Since no areas
have ever been designated Class III, all other
lands are Class II, including everything from
non-Class I wildlands to urban areas.

Historically, EPA has regarded smoke from
wildland fires as temporary and therefore not
subject to issuance of a PSD permit, but whether
or not wildland fire smoke should be considered
when calculating PSD increment consumption
or PSD baseline was not defined.  EPA recently
reaffirmed that states could exclude managed
fire emissions from increment analyses, pro-
vided the exclusion does not result in permanent
or long-term air quality deterioration (EPA
1998).  States are also expected to consider the
extent to which a particular type of burning
activity is truly temporary, as opposed to an
activity that can be expected to occur in a
particular area with some regularity over a
period of time.  Oregon is the only state that has
thus far chosen to include prescribed fire emis-
sions in PSD increment and baseline calcula-
tions.

Visibility

The 1977 amendments to the Clean Air Act
established a national goal of “the prevention of
any future, and the remedying of any existing,
impairment of visibility in mandatory class I
Federal areas which impairment results from
manmade air pollution” (Public Law 95-95).
States are required to develop implementation
plans that make “reasonable progress” toward
the national visibility goal.

Atmospheric visibility is influenced by scatter-
ing and absorption of light by particles and
gases.  Particles and gases in the air can obscure
the clarity, color, texture, and form of what we
see.  The fine particles most responsible for
visibility impairment are sulfates, nitrates,
organic compounds, elemental carbon (or soot),
and soil dust.  Sulfates, nitrates, organic carbon,
and soil tend to scatter light, whereas elemental
carbon tends to absorb light.  Wildland fire
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smoke is primarily made up of elemental car-
bon, organic carbon, and particulate matter.
Fine particles (PM2.5) are more efficient per
unit mass than coarse particles (PM10 and
larger) at causing visibility impairment.  Natu-
rally occurring visual range in the East is esti-
mated to be between 60 and 80 miles, while
natural visual range in the West is between 110-
115 miles (Trijonis and others 1991).  Currently,
visual range in the Eastern US is about 15 to 30
miles and about 60 to 90 miles in the Western
US (40 CFR Part 51).  The theoretical maximum
visual range with nothing in the air except air
molecules is about 240 miles.

Federal Land Managers (FLMs) have somewhat
conflicting roles when it comes to protecting
visibility in the Class I areas they manage.  On
the one hand, FLMs are given the responsibility
by the Clean Air Act for reviewing PSD permits
of major new and modified stationary pollution
sources and commenting to the state on whether
there is concern for visibility impacts (or other
resource values) in Class I areas downwind of
the proposed pollution source.  In this case
FLMs play a proactive role in air pollution
prevention.  On the other hand, however, FLMs
also use wildland fire, which emits visibility-
impairing pollutants.  In this case the FLM is the
polluter and is often in the difficult position of
trying to explain why wildland burning smoke
may be acceptable in wilderness whereas other
types of air pollution are not.  The answer to this
dilemma is that wildernesses are managed to
preserve and protect natural conditions and
processes.  So in this context, smoke and visibil-
ity impairment from wildland fire that closely
mimics what would occur naturally is generally
viewed as acceptable under wilderness manage-
ment objectives, whereas visibility impairment
from “unnatural” pollutants and “unnatural”
pollution sources is not.

The key to successfully promoting this distinc-
tion is an honest and scientific definition of how
much, and what types, of fire are “natural” that
FLMs, air quality regulators, and the public can
agree upon.  This is a critical area of future
cooperation in smoke management and air
quality regulation.

Regional Haze

Regional haze is visibility impairment produced
by a multitude of sources and activities that emit
fine particles and their precursors, and are
located across a broad geographic area.  This
contrasts with visibility impairment that can be
traced largely to a single, very large pollution
source.  Until recently, the only regulations for
visibility protection addressed impairment that
is reasonably attributable to a permanent, large
emission source or small group of large sources.
Recently, EPA issued regional haze regulations
to manage and mitigate visibility impairment
from the multitude of diverse regional haze
sources (40 CFR Part 51).  The regional haze
regulations call for states to establish goals for
improving visibility in Class I national parks
and wildernesses and to develop long-term
strategies for reducing emissions of air pollut-
ants that cause visibility impairment.  Wildland
fire is one of the sources of regional haze cov-
ered by the new rules.

Current data from a national visibility monitor-
ing network (Sisler and others 1996) do not
show fire to be the predominant source of
visibility impairment in any Class I area (40
CFR Part 51).  Emissions from fire are an
important episodic contributor to atmospheric
loading of visibility-impairing aerosols, includ-
ing organic carbon, elemental carbon, and
particulate matter.  Certainly the contribution to
visibility impairment from fires can be substan-
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tial over short periods of time, but fires in
general, occur relatively infrequently and thus
have a lesser contribution to long-term averages.
Fire events contribute less to persistent visibility
impairment than sources with emissions that are
more continuous.

Reasonable Progress

The visibility regulations require states to make
“reasonable progress” toward the Clean Air Act
goal of “prevention of any future, and the
remedying of any existing, impairment of
visibility…”.  The regional haze regulations did
not define visibility targets, but instead gave the
states flexibility in determining reasonable
progress goals for Class I areas.  States are
required to conduct analyses to ensure that they
consider the possibility of setting an ambitious
reasonable progress goal, one that is aimed at
reaching natural background conditions in 60
years.  The rule requires states to establish goals
for each affected Class I area to 1) improve
visibility on the haziest 20 percent of days and
2) ensure no degradation occurs on the clearest
20 percent of days over the period of each
implementation plan.

The states are to analyze and determine the rate
of progress needed for the implementation
period extending to 2018 such that, if main-
tained, this rate would attain natural visibility
conditions by the year 2064.  To calculate this
rate of progress, the state must compare
baseline visibility conditions to estimate natural
visibility conditions in Class I areas and deter-
mine the uniform rate of visibility improvement
that would need to be maintained during each
implementation period in order to attain natural
visibility conditions by 2064.  Baseline visibil-
ity conditions will be determined from data
collected from a national network of visibility
monitors representing all Class I areas in the

country for the years 2000 to 2004.  The state
must determine whether this rate and associated
emission reduction strategies are reasonable
based on several statutory factors.  If the state
finds that this rate is not reasonable, it must
provide a demonstration supporting an alterna-
tive rate.

Regional Visibility
Protection Planning

Regional haze is, by definition, from wide-
spread, diverse sources.  The regional haze rule
encourages states to work together to improve
visibility.  The Environmental Protection
Agency (EPA) has encouraged the 48 contigu-
ous states to engage in regional planning to
coordinate development of strategies for con-
trolling pollutant emissions across a multi-state
region.  This means that groups of states will be
addressing groups of “Class I” areas through
established organizations.  In the West, the
Western Regional Air Partnership, sponsored
through the Western Governors’ Association and
the National Tribal Environmental Council is
coordinating regional planning and needed
technical assessments.  In the Eastern U.S., four
formal groups address regional planning issues:
CENRAP (Central States Response Air Partner-
ship), OTC (Ozone Transport Commission), and
VISTAS (Visibility Improvement State and
Tribal Association of the Southeast) and the
Midwest Regional Planning Organization
(figure 4.1.4).

Natural Visibility

Air quality regulations often distinguish be-
tween human-caused and natural sources of air
pollution.  Natural sources of air pollution
generally are not responsive to control efforts,
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Figure 4.1.4. Regional air quality planning groups.

and state air regulatory agencies manage and
monitor them in a manner different from hu-
man-caused air pollution.  The definition of
natural sources of air pollution includes volca-
noes, dust, and wildfires.  The regional haze
regulations propose to measure progress to-
wards achieving natural visibility conditions,
but how do we define natural visibility impair-
ment when considering wildland fires as a
source?

In most parts of the country, much less fire
occurs today than historically.   Should natural
visibility consider the contribution to haze from
these historic, natural fires?  And if so, how will
we reconcile a definition of natural visibility

that includes historic levels of smoke with the
need to improve air quality and meet the na-
tional visibility goal?  Previously, wildfires have
been considered natural sources while pre-
scribed fires have generally been classified as
human-caused for the purpose of air regulation.
That classification is proving to be unsatisfac-
tory because aggressive wildfire suppression
and land use changes have made the current
pattern of wildfires anything but natural.  Are
some prescribed fires destined to be categorized
as natural emission sources along with the
resulting visibility impairment, and how much
prescribed burning should be considered
natural?
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How Much Smoke is Natural?

Few wildlands in the United States are without
significant modification by humans, whether by
resource utilization, fire suppression, or invasion
of exotic species.  So in defining natural emis-
sions some possible definitions of natural fire
may include:  1) historic fire frequency in
vegetation types present on wildlands today, 2)
historic fire frequency only on wildlands where
the current overriding management goal is to
maintain natural ecosystem processes, 3) hu-
man-defined fire needed on wildlands to main-
tain natural ecosystem processes, 4) human-
defined fire needed to maximize wildfire con-
trollability, and 5) prescribed fire needed to
minimize the sum of prescribed fire and wildfire
emissions.6

Most any approach to estimating natural emis-
sions from fire will look to historic fire frequen-
cies for preliminary guidance.  Historic fire
frequency can be defined in numerous ways and
called by various terms (fire frequency, fire
return interval, natural fire rotation, ecological
fire rotation).  Fire frequency can vary greatly
by vegetative cover type, site-specific meteorol-
ogy, stand age, aspect, and elevation.  Fire
frequency is often defined as a range that re-
flects site variation.  For example, a given area
of ponderosa pine ecosystem may have a de-
fined fire rotation of 7 to 15 years.  The drier
southwestern slopes will have an average fire
rotation of approximately 7 years, whereas the
northern slopes will have an average fire rota-
tion of approximately 15 years.  Even within the
average site fire rotation interval there can be
significant temporal variation depending on
weather and ignition potential.

Any change in fire frequency will eventually be
expressed by change in the ecosystem.  The

natural fire regime for an ecosystem may not be
the same as the historic fire regime, because
neither the current fuel condition nor the climate
is the same as in the past.  Nor will they be the
same in the future.

Wildland fire is highly variable in place and
time.  Historic fire regimes are well known and
described for most major ecosystem types.
These historic frequencies can be used as a
starting point for definition of natural emissions
although, in many parts of the country,historic
fire frequency would likely result in much more
emissions than would be acceptable in today’s
society (figure 4.1.5).  Prescribed burning in the
southeastern US is, in some cases, near the
natural rotation and the public has been largely
tolerant of the smoke.  Burning to maintain
natural ecosystem conditions may not need to
occur any more frequently than the middle to
upper end of the historical average fire fre-
quency.  Some areas may be maintained ad-
equately even if the infrequent end of the
natural fire frequency range is increased al-
though potential long-term effects of this sort of
ecological manipulation are uncertain.  On the
other hand, the environment is not static.  Cli-
mate change, for example, may change the
frequency of fire necessary to maintain any
given ecosystem in the future or make retention
of the present ecosystem impossible.

Conclusions

Because smoke from fire can cause negative
effects to public health and welfare, air quality
protection regulations must be understood and
followed by responsible fire managers.  Like-
wise, air quality regulators need an understand-
ing of how and when fire use decisions are

___________________________________

6   Peterson, Janice; Sandberg, David, Leenhouts, Bill.  1998.  Estimating natural emissions from wildland and
prescribed fire. An unpublished technical support document to the EPA Interim Air Quality Policy on Wildland and Pre-
scribed Fires.  April 23, 1998.  (Available from the author).
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Figure 4.1.5.  Estimates of the range of annual area burned in the conterminous United States pre-
European settlement (Historic), applying presettlement fire frequencies to present land cover types
(Expected), and burning (wildland and agriculture) that has occurred during the recent past (Current).
Source: Leenhouts (1998).

  

    

    

    

Table 4.1.2.  Recommended cooperation between wildland fire managers and air quality regulators depending
on air quality protection instrument.
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made and should become involved in fire and
smoke management planning processes, in-
cluding the assessment of when and how
alternatives to fire will be used.  Many fire and
air quality issues need further work including,
definition of de minimis emission levels from
fire, prescribed fire as BACM for wildfire,
clarification of the difference between visibility
impairment from fire vs. industrial sources,
amounts of smoke from natural ecosystem
burning that is acceptable to the public, and
definition of natural visibility.  Cooperation
and collaboration between wildland fire man-
agers and air quality regulators on these and
other issues is of great importance.  Table 4.1.2
contains recommendations for various types of
cooperation by these two groups depending on
the applicable air quality protection instrument.
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State Smoke Management Programs

John E. Core

Introduction

Smoke management programs establish a basic
framework of procedures and requirements for
managing smoke from prescribed fires.  The
purposes of a smoke management program are
to minimize smoke entering populated areas,
prevent public safety hazards (such as smoke
impairment on roadways or runways), avoid
significant deterioration of air quality and
National Ambient Air Quality Standards
(NAAQS) violations, and to avoid visibility
impacts in Class I areas.  Smoke management is
increasingly recognized as a critical component
of a state’s air quality program for protecting
public health and welfare, while still providing
for necessary wildland burning.  Sophisticated
programs for coordination of burning both
within a state and across state boundaries are
vital to obtain and continue public support of
burning programs.  States typically develop
these programs, with cooperation and participa-
tion from stakeholders.  Smoke management
programs developed through partnerships are
much more effective at meeting resource man-
agement goals, protecting public health, and
meeting air quality objectives.

Usually, either the state or tribal natural re-
sources agency or air quality agency is respon-
sible for developing and administering the
smoke management program.  Occasionally, a
program may be administered by a local agency

and apply to a subset of a state.  Generally the
administering agency will give daily approval or
disapproval of individual bums.  All burning
may be subject to permit, or only burning
exceeding an established de minimis level that
could be based on projections of acres burned,
tons consumed, or emissions.  Multi-day burns
may be subject to daily reassessment and
reapproval to ensure smoke does not violate
program goals.

An advanced smoke management program will
evaluate individual and multiple bums; coordi-
nate all prescribed fire activities in an area;
consider cross-boundary impacts; and weigh
burning decisions against possible health,
visibility, and nuisance effects.

With increasing use of fire for forest health and
ecosystem management, interstate and interre-
gional coordination of burning will be necessary
to prevent poor air quality episodes.  Every state
has unique needs and issues driving develop-
ment of smoke management programs so a
specific program cannot be defined that is
applicable to all.  State and land manager devel-
opment of, and participation in, an effective,
locally specific smoke management program
will go a long way to build and maintain public
acceptance of prescribed burning.
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EPA Interim Fire Policy -
Recommendations on
Smoke Management Programs

In the Interim Air Quality Policy on Wildland
and Prescribed Fires (EPA 1998), EPA urges
State and tribal air quality managers to collabo-
rate with wildland owners and managers to
mitigate the air quality impacts that could be
caused by the increase of fires managed to
achieve resource benefits.  The EPA especially
urges development and implementation of at
least basic smoke management programs when
conditions indicate that fires will adversely
impact the public.  In exchange for states and
tribes proactively implementing smoke manage-
ment programs, EPA intends to exercise its
discretion not to redesignate an area as
nonattainment if the evidence is convincing that
fires managed for resource benefits caused or
significantly contributed to violations of the
daily or annual PM2.5 or PM10 standards.
Rather, EPA will call on the state or tribe to
review the adequacy of the smoke management
program in collaboration with wildland owners
and managers and make appropriate improve-
ments to mitigate future air quality impacts.  The
state or tribe must certify in a letter to the EPA
Administrator that at least a basic program has
been adopted and implemented in order to
receive special consideration for NAAQS viola-
tions under this policy.

To be certifiable by EPA, a smoke management
program should include the following basic
components, some of which are the responsibil-
ity of the administering agency and some of
which are provided by the land manager:

1. Process for assessing and authorizing burns.

Reporting of burn plan information to admin-
istering agency (not mandatory for states to
be compliant with EPA recommendations for
a certified smoke management program, but
is highly recommended especially for fires

greater than a predefined de minimis size),
including the following information:

• location and description of the area to be
burned,

• personnel responsible for managing the
fire,

• type of vegetation to be burned,

• area (acres) to be burned,

• amount of fuel to be consumed (tons/
acre),

• fire prescription including smoke man-
agement components,

• criteria the fire manager will use for
making burn/no burn decisions, and

• safety and contingency plans addressing
smoke intrusions.

2. Plan for long-term minimization of emis-
sions and impacts, including promotion of
alternatives to burning and use of emission
reduction techniques.

3. Smoke management goals and procedures to
be described in burn plans (when burn plan
reporting is required):

• actions to minimize fire emissions,

• smoke dispersion evaluation,

• public notification and exposure reduction
procedures to be implemented during air
pollution episodes or smoke emergencies,
and

• air quality monitoring.

4. Public education and awareness.

5. Surveillance and enforcement of smoke
management program compliance.

6. Program evaluation and plan for periodic
review.
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7. Optional programs (for example, special
protection zones or buffers or performance
standards).

Smoke Management Programs

Prescribed burning programs across the nation
use both emission reduction methods and smoke
management techniques (avoidance and dilu-
tion) to minimize the impacts of smoke on air
quality as well as concerns about public expo-
sure to smoke.  The complexity of these pro-
grams varies greatly from state to state, ranging
from the comprehensive and well-funded pro-
grams found in Oregon and Washington to the
far simpler program found in Alaska.  While the
comprehensive programs gather detailed infor-
mation on all burning activity needed for burn
coordination, emission inventory calculation
purposes, and to assure compliance with air
quality regulations, many prescribed fire practi-
tioners work independently with mainly self-
imposed constraints.  In most cases, smoke
management programs focus primarily on
achieving land management objectives.  Other
issues in priority order are:  minimizing public
exposure to smoke, achieving and/or maintain-
ing healthful air quality, and achieving emission
reductions.  Often, emission reductions are only
an important side benefit of a burning technique
selected for another management purpose.  Few
existing smoke management programs quantify
emission reductions achieved either intention-
ally or unintentionally.  Table 4.2.1 summarizes
a few of the features of the smoke management
programs.  Significantly, only Oregon and
Washington have active, on-going programs to
calculate pollutant emissions and pollutant
emission reductions on a daily basis for each
burn.  The Utah program has been certified
under the EPA Interim Air Quality Policy on
Wildland and Prescribed Fire; Nevada and
Florida have incorporated the Policy into the

design of their programs.  Oregon and Wash-
ington have adopted special provisions for
prescribed burning for forest health restoration
purposes.  The Oregon program includes an
emissions cap and offset program for Eastern
Oregon burning.  Although most state air agen-
cies estimate annual emissions from land man-
ager records, only those states that calculate
emissions on a daily basis, burn-by-burn, are
listed as having an emissions calculation pro-
gram.  The adequacy of each program to the
specific state situation is not addressed in table
4.2.1.  That issue is best addressed by the
stakeholders of each program and the citizens of
the state.

A summary of smoke management program
reporting attributes related to emissions tracking
is shown in table 4.2.2.

As an example, in the Colorado program, field
personnel collect pre-burn acreage, predominate
fuel type and fuel loading information annually
before the burning season begins.  A generalized
emissions estimate is reported on the SASEM
output they submit with their permit application
(see Chapter 9 for information on SASEM and
other models).  Post-burn information including
acreage actually burned, fuel types, fuel loading,
and fuel consumption is collected in the field at
the end of the season.  If the project is classified
as “High Risk for Smoke Impacts,” the central
office Program Coordinator compiles the end-
of-year acreage actually burned and fuel actu-
ally consumed from all cooperating agencies.
The program office then uses this information to
calculate annual emissions.  The program office
has no responsibilities related to fuel type data.
The Colorado smoke management program is
fairly basic compared to some more complex
programs, but is appropriate to the specifics of
the state burning programs and their potential
impacts to air quality.
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Table 4.2.1. Smoke Management Program features. Smoke Management programs are periodically reviewed
and revised; the features listed here reflect program status in 2001.

Page 240 of 644



– 79 –

2001 Smoke Management Guide 4.2 – State Programs

 

Ta
bl

e 
4.

2.
2.

  S
el

ec
te

d 
S

m
ok

e 
M

an
ag

em
en

t P
ro

gr
am

 E
m

is
si

on
 In

ve
nt

or
y 

R
ep

or
tin

g 
A

ttr
ib

ut
es

.

Page 241 of 644



Chapter 4 – Regulations 2001 Smoke Management Guide

– 80 –

Literature Citations
Environmental Protection Agency.  1998.  Interim air

quality policy on wildland and prescribed fires.
Office of Air Quality Planning and Standards,
Research Triangle Park, NC 27711. 39p.

Page 242 of 644



– 81 –

2001 Smoke Management Guide 4.3 – Federal Requirements

Federal Land Management–
Special Requirements

Janice L. Peterson

Federal agencies are subject to certain laws and
requirements that are not necessarily applicable
to states or private entities in the same manner
or at all.  Federal agencies are required to do
long-range planning for management of the
lands they manage through numerous agency-
specific planning mandates.  The National
Environmental Policy Act (NEPA) requires
Federal agencies to examine and disclose
potential impacts of their actions on the environ-
ment.  The General Conformity regulations
require federal agencies to examine the effect of
their actions on the ability of a state to reach air
quality goals and modify their actions if air
quality targets would be delayed.  Federal
agencies also manage wilderness areas and the
Wilderness Act contains language with implica-
tions for air quality protection.

Land Management Planning

Each Federal land management agency has
some sort of overarching planning mandate.
These broad scale, long-term plans define how
Federal lands will be managed for many years
into the future.  For the USDA Forest Service,
the National Forest Management Act (NFMA)
(Public Law 94-588) requires National Forests
to prepare plans for land management that
address a long-term planning perspective and
provide the opportunity for other agencies and

the public to comment on decisions on how
these public lands are managed.  Forest Plans
are to address protection, management, im-
provement, and use of renewable resources on
the National Forests and should “recognize the
fundamental need to protect and, where appro-
priate, improve the quality of soil, water, and air
resources.”  Forest Plans must be updated and
revised at least every 15 years and many Na-
tional Forests are in the process of, or have
recently completed this task.  Other federal
agencies have similar land management plan-
ning mandates. For the U.S. Department of the
Interior, the Bureau of Land Management has
the Integrated Resource Management Plan; the
National Park Service has the Resource Man-
agement Plan; and the Fish and Wildlife Service
has the Comprehensive Conservation Plan.

In some parts of the country, resource manage-
ment agencies have fairly recently recognized
the importance of fire as an ecological process
in the maintenance of sustainable ecosystems.
Therefore, existing federal land management
plans do not always adequately address this
topic.  Planning revisions provide the opportu-
nity to define and resolve issues that involve
wildland fire, its relationship to forest health,
and its environmental costs and benefits.  Revi-
sions should address the fact that smoke knows
no boundaries and alternative management
scenarios must be analyzed in this same context.
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A Forest Service Example

Forest Plans provide the long-term, big picture
view of goals for management of a National
Forest.  Specific projects are planned at a later
date to fit the goals and framework of the Forest
Plan and to meet more short term planning
horizons.  For example, the philosophy of how
fire will be used to manage various ecosystems
on a National Forest and the general effects of
this fire on air quality will be described in the
Forest Plan whereas specific prescribed fire
projects and specific air quality effects will be
defined at a later date.  The environmental
consequences of specific projects are analyzed
through the National Environmental Policy Act
(NEPA) planning process.

Recent Forest Service internal guidance1 advises
that air quality status within 100km of the Forest
boundary be assessed for attainment/non-
attainment status, Class I or Class II, availability
of monitoring data, and identification of special
smoke sensitive areas (such as airports, hospi-
tals, etc.).  The complexity of the subsequent
Forest Plan air quality analysis will be deter-
mined by what is found in this initial assessment
and can range from preparation of a simple
emissions inventory and development of stan-
dards and guidelines for smoke management if
the complexity is low; up to a detailed emissions
inventory, standards and guidelines for smoke
management including visibility protection,
modeling to estimate mitigation benefits and/or
consequences, worst case emissions analysis,
and identification of possible emissions offsets
if complexity is high.

National Environmental Policy Act

The National Environmental Policy Act (NEPA)
(Public Law 91-190) directs all federal agencies
to consider every significant aspect of the
environmental impacts of a proposed action.  It
also ensures that an agency will inform the
public that it has considered environmental
concerns in its decision-making process.  NEPA
does not require agencies to elevate environ-
mental concerns over other appropriate consid-
erations; only that agencies fully analyze,
understand, and disclose environmental conse-
quences before deciding to take an action.
NEPA is a procedural mandate to federal agen-
cies to ensure a fully informed decision where
short- and long-term environmental conse-
quences are not forgotten.

An analysis of possible air quality impacts may
be needed in a NEPA analysis if the project:

• raised air quality as a significant issue in
scoping2,

• includes burning,

• includes significant road construction,
road use, or other soil disturbing proce-
dures where fugitive dust may be a con-
cern,

• includes significant machinery operation
in close proximity to publicly accessible
areas,

• may have any impact on air quality in a
Class I area,

• may have any impact on sensitive vistas or
visibility in a Class I area,

___________________________________

1  USDA Forest Service. 1999.  Draft desk guide for integrating air quality and fire management into land manage-
ment planning. USDA Forest Service guidance document.  Available at: http://www.fs.fed.us/clean/air/

2  Scoping is the process of determining the issues to be included in NEPA analysis and for identifying any signifi-
cant issues that will need to be addressed in depth.  Scoping requires the lead agency to invite participation of affected
Federal, State, and local agencies, any affected Indian tribe, the proponent of the action, and other interested persons
(including those who might not be in accord with the action on environmental grounds).
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• is in close proximity to a non-attainment
area,

• will make a significant amount of firewood
available to the public.

The appropriate level of analysis for each
project will vary with the size of the project.
For example, a small project will likely have a
brief analysis and a large project will require a
detailed analysis.  The complexity and potential
effects of the project will determine whether an
environmental impact statement (EIS), an
environmental assessment (EA), a biological
evaluation (BE), or a categorical exclusion (CE)
is the appropriate NEPA tool.  If an air quality
analysis is deemed unnecessary, the NEPA
document should state that potential air quality
impacts were considered but were determined to
be inconsequential.  In this case, a justification
for this determination must be included.

A project NEPA analysis is where specific
environmental effects from specific projects are
analyzed and assessed.  This process provides a
good opportunity for fire managers and air
quality regulators to come to a common under-
standing of how smoke from prescribed fire
projects will be managed and reduced.  Section
309 of the 1977  Clean Air Act Amendments
(Public Law 95-95) gives EPA a role in review-
ing NEPA documents and making those reviews
public.  How actively EPA pursues this role
tends to vary between EPA regions and with the
complexity and potential environmental risk
from the project.

A complete disclosure of air quality impacts in a
NEPA document should include the following
information:

1. Description of the air quality environment
of the project area

2. Description of alternative fuel treatments
considered and reasons why they were not
selected over prescribed fire.

3. Quantification of the fuels to be burned
(areas, tons, types).

4. Description of the types of burning
planned (broadcast, piles, understory, etc.).

5. Description of measures taken to reduce
emissions and emission impacts.

6. Estimation of the amount and timing of
emissions to be released.

7. Description of the regulatory and permit
requirements for burning (for example,
smoke management permits).

8. Modeled estimates of where smoke could
go under certain common and worst case
meteorological scenarios and focusing on
new or increased impacts on down wind
communities, visibility impacts in Class I
wildernesses, etc.  In some areas and for
some fuel types, an appropriate dispersion
model is not available.  In this situation,
qualitative analysis will need to suffice.
Qualitative analysis can also be used for
simple projects with little risk of air
quality impact.

Conformity

“No department, agency, or instrumen-
tality of the Federal Government shall
engage in, support in any way or provide
financial assistance for, license or
permit, or approve, any activity which
does not conform to a State Implementa-
tion Plan.”

Clean Air Act Amendments of 1990
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The 1990 Clean Air Act Amendments (Public
Law 101-549) require planned federal actions to
conform to state or tribal implementation plans
(SIPs/TIPs).  EPA’s General Conformity rule
established specific criteria and procedures for
determining the conformity of planned federal
projects and activities.  In so doing, EPA chose
to apply general conformity directly to non-
attainment and maintenance areas only.  EPA
continues to consider application of general
conformity rules to attainment areas but at
present has not done so, although an activity in
an attainment area that causes indirect emission
increases within a non-attainment area may have
to be analyzed for conformity.  Federal agencies
have the responsibility for making conformity
determinations for their own actions.

General conformity rules prohibit federal agen-
cies from taking any action within a non-attain-
ment or maintenance area that causes or
contributes to a new violation of air quality
standards, increases the frequency or severity of
an existing violation, or delays the timely
attainment of a standard as defined in the appli-
cable SIP or area plan.  If a proposed federal
project (non-temporary) were projected to
contribute pollution to a non-attainment area the

project would likely be canceled or severely
modified.  Temporary proposed federal projects
that could impact a non-attainment area must
also pass a conformity determination.

Federal activities must not:

1. Cause or contribute to new violations of
any standard.

2. Increase the frequency or severity of any
existing violations.

3. Interfere with timely attainment or mainte-
nance of any standard.

4. Delay emission reduction milestones.

5. Contradict SIP requirements.

A conformity determination is required for each
pollutant where the total of direct and indirect
emissions caused by an agency’s actions would
equal or exceed conformity de minimis levels
(table 4.3.1), or are regionally significant.
Regionally significant is defined as emissions
representing 10 percent or more of the total
emissions for the area.

Table 4.3.1. Particle and carbon monoxide de minimis levels for general conformity.
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The general conformity rule covers direct and
indirect emissions of criteria pollutants or their
precursors that are caused by a Federal action,
reasonably foreseeable, and can practicably be
controlled by the Federal agency through its
continuing program responsibility.  In general, a
conformity analysis is not required for wildland
fire emissions at the Forest Plan level because
specifics of prescribed fire timing and locations
are not known, so at this planning level the
reasonably foreseeable trigger is not met.  A
conformity determination will likely be required
at a later date when planning specific projects
under NEPA.

Wilderness Act

The Wilderness Act (Public Law 88-157) (and
subsequent Acts designating individual Wilder-
ness Areas) was enacted to preserve and protect
wilderness resources in their natural condition.
Wildernesses are to be administered for “the use
and enjoyment of the American people in such
manner as will leave them unimpaired for future
use and enjoyment as wilderness, and so as to
provide for the protection of these areas, the
preservation of their wilderness character, and
for the gathering and dissemination of informa-
tion regarding their use and enjoyment as
wilderness…”  Although air quality is not
directly mentioned in the Wilderness Act, the

Act requires wilderness managers to minimize
the effects of human use or influence on natural
ecological processes and preserve “untram-
meled” the earth and its community of life.
Federal agencies have interpreted the goals of
the Wilderness Act to mean that wilderness
character and ecosystem health should not be
impacted by unnatural, human-caused air
pollution.  Most Class I areas are entirely wil-
derness although some Class I National Parks
contain areas that are not wilderness.

Literature Citations
U.S. Laws, Statutes, etc.; Public Law 88-157.

Wilderness Act of Sept. 3, 1964. 78 Stat. 890;
16 U.S.C. 1131-1136.

U.S. Laws, Statutes, etc.; Public Law 91-190. [S.
1075], National Environmental Policy Act of
1969.  Act of Jan. 1, 1970. In its: United States
statutes at large, 1969. 42 U.S.C. sec. 4231, et
seq. (1970). Washington, DC: U.S. Government
Printing Office: 852-856. Vol. 83.

U.S. Laws, Statutes, etc.; Public Law 94-588.
National Forest Management Act of 1976. Act
of Oct. 22, 1976. 16 U.S.C. 1600 (1976).

U.S. Laws, Statutes, etc.; Public Law 95-95. Clean
Air Act as Amended August 1977. 42 U.S.C.
1857 et seq.

U.S. Laws, Statutes, etc.; Public Law 101-549. Clean
Air Act as Amended Nov. 1990. 104 Stat. 2399.
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SMOKE SOURCE CHARACTERISTICS

Chapter 5
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Smoke Source Characteristics

Roger D. Ottmar

Whether you are concerned with particulate
matter, carbon monoxide, carbon dioxide, or
hydrocarbons, all smoke components from
wildland fires are generated from the incomplete
combustion of fuel.  The amount of smoke
produced can be derived from knowledge of
area burned, fuel loading (tons/acre), fuel
consumption (tons/acre), and pollutant-specific
emission factors.  Multiplying a pollutant-
specific emission factor (lbs/ton) by the fuel
consumed, and adding the time variable to the
emission production and fuel consumption
equations results in emission and heat release
rates that allow the use of smoke dispersion
models (figure 5.1).  This section discusses the
characteristics of emissions from wildland fire

and the necessary inputs to obtain source
strength and heat release rate for assessing
smoke impacts.

Prefire Fuel Characteristics

Fuel consumption and smoke production are
influenced by preburn fuel loading categories
such as grasses, shrubs, woody fuels, litter,
moss, duff, and live vegetation; condition of the
fuel (live, dead, sound, rotten); fuel moisture;
arrangement; and continuity.  These characteris-
tics can vary widely across fuelbed types (figure
5.2) and within the same fuelbed type (figure

Figure 5.1. Combustion and emission processes.
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Figure 5.2. The preburn fuel loading (downed, dead woody, grasses, shrubs, litter, moss, and duff) can
vary widely between fuel types as shown in (A) midwest grassland, 2.5 tons/acre;  (B) longleaf pine, 4
tons/acre; (C) southwest sage shrubland, 6 tons/acre; (D) California chaparral, 40 tons/acre; (E) western
mixed conifer with mortality, 67 tons/acre; and (F) Alaska black spruce, 135 tons/acre.
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5.3).  For instance, fuel loadings range consider-
ably: less than 3 tons/acre for perennial grasses
in the Midwest with no rotten material or
duff  (Ottmar and Vihnanek 1999); 4 tons per
acre of mostly grass and a shallow litter and duff
layers for a southern pine stand treated regularly
with fire (Ottmar and Vihnanek 2000b); 6 tons/
acre in a Great Basin sage shrubland (Ottmar
and others 2000a); 40 tons per acre in a mature
California chaparral shrubland (Ottmar and
others 2000a); 67 tons per acre of 80 percent of
which is rotten woody fuels, stump, snags, and
deep duff in a multi-story, ponderosa pine and
Douglas-fir forest with high mortality from
disease and insects  (Ottmar and others 1998); to
167 tons/acre in a black spruce forest in Alaska
with a deep moss and duff layer (Ottmar and
Vihnanek 1998).  The heaviest fuel loadings

encountered are normally associated with
material left following logging, unhealthy
forests, mature brush and tall grasses, or deep
layers of duff, moss or organic  (muck) soils.
The large variation in potential fuel loading can
contribute up to 80 percent of the error associ-
ated with estimating emissions (Peterson 1987,
Peterson and Sandberg 1988).

Higher fuel loading generally equates to more
fuel consumption and emissions if the combus-
tion parameters remain constant.  For example, a
frequently burned southern or western pine
stand may have a fuel loading of 12 tons per
acre while a recently harvested pine stand with
logging slash left on the ground may have a fuel
loading of 50 tons per acre.  Prescribed burning
under a moderately dry fuel moisture situation

Figure 5.3. Variability of fuel loading across several fuelbed types. Sources are referenced in the text.
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would achieve 50 percent biomass consumption
equating to 3 tons per acre consumed in the
unlogged pine stand and 25 tons/acre consumed
in the logged stand.

There are several techniques available for
determining fuel loading (U.S. Department of
Interior 1992).  Collecting and weighing the fuel
is the most accurate method but is impractical
for many fuel types except grasses and small
shrubs.  Measuring some biomass parameter and
estimating the biomass using a pre-derived
equation is less accurate but also less time
consuming (Brown 1974).  Ongoing develop-
ment of several techniques including the natural
fuels photo series (Ottmar and others 1998,
Ottmar and Vihnanek 2000a) and the Fuel
Characteristic Class system (FCC) (Sandberg
and others 2001) will provide managers new
tools to better estimate fuel loadings and reduce
the uncertainty that currently exist with assign-
ing fuel characteristics across a landscape.  The
photo series is a sequence of single and stereo
photographs with accompanying fuel character-
istics.  Over 26 volumes are available for log-
ging and thinning slash and natural fuels in
forested, shrubland, and grassland fuelbed types
throughout the United States.  The Fuel Charac-
teristic Class System is a national system being
designed for classifying wildland fuelbeds
according to a set of inherent properties to
provide the best possible fuels estimates and
probable fire parameters based on available site-
specific information.

Fuel moisture content is one of the most influen-
tial factors in the combustion and consumption
processes.  Live fuel moisture content can vary
by temperature, relative humidity, rainfall, soil
moisture, seasonality and species.  Dead fuel
moisture content varies by temperature, relative
humidity, rainfall, species, material size, and
decay class.  Fuel moisture content affects the
flame temperature that in turn influences the

ease of ignition, the amount and rate of con-
sumption, and the combustion efficiency (the
ratio of energy produced compared to energy
supplied).  In other words, higher fuel moisture
content requires more energy to drive off the
water, enabling fuel to reach a point where
pyrolysis can begin.  Generally, fuels with low
fuel moisture content burn more efficiently and
produce fewer emissions per unit of fuel con-
sumed.  On the other hand, even though emis-
sions per unit of fuel burned will be greater at
higher fuel moistures because of a less efficient
combustion environment, total emissions may
be less if some fraction of the fuels do not
totally burn—typically the large wood fuels and
forest floor.

Since combustion generally takes place at the
fuel/atmosphere interface, the time necessary to
ignite and consume an individual fuel particle
with a given fuel moisture content depends upon
the smallest dimension of the particle.  The
surface area to volume ratio of a particle is often
used to depict a particle’s size—the greater the
ratio, the smaller the particle.  Small twigs and
branches have a much larger surface to volume
ratio than large logs and thus a much greater
fuel surface exposed to the atmosphere.  Conse-
quently, fine fuels will have a greater probability
of igniting and consuming for a given fuel
moisture.

The arrangement of the particles is also impor-
tant.  The structuring of fuel particles and air
spaces within a fuel bed can either enhance or
retard fuel consumption and affect combustion
efficiency.  The packing ratio (the fraction of the
fuel bed volume, occupied by fuel) is the mea-
sure of the fuel bed porosity.  A loosely packed
fuel bed (low packing ratio) will allow plenty of
oxygen to be available for combustion, but may
result in inefficient heat transfer between burn-
ing and adjacent unburned fuel particles.  Many
particles cannot be preheated to ignition tem-

Page 254 of 644



– 93 –

2001 Smoke Management Guide 5.0 – Source Characteristics

perature and are left unconsumed.  On the other
hand, a tightly packed fuel bed (high packing
ratio) allows efficient heat transfer between the
particles, but may restrict oxygen availability
and reduce consumption and combustion effi-
ciency.   An efficiently burning fuel bed will
have particles close enough for adequate heat
transfer while at the same time large enough
spaces between particles for oxygen availability.

Fuel discontinuity—both horizontal and verti-
cal—isolates portions of the fuel bed from pre-
ignition heating and subsequent ignition.
Sustained ignition, and combustion will not
occur when the spacing between the fuel par-
ticles is too large.

Biochemical differences between species also
play a role in combustion.  Certain species such
as hoaryleaf ceanothus (Ceanothus crassifolius),
palmetto (Serenoa repens) and gallberry (Ilex
glabra) contain volatile compounds that make
them more flammable than species such as
Carolina azalea (Rhododendron carolinianum)
under similar live moisture contents.

Fire Behavior

Fire behavior is the manner in which fire reacts
to the fuels available for burning (DeBano and
others 1998) and is dependent upon the type,
condition, and arrangement of smaller woody
fuels, local weather conditions, topography and
in the case of prescribed fire, lighting pattern
and rate.  Two aspects of fire behavior include
fire line intensity (the amount of heat released
per unit length of fire line) and rate of spread
(activity of the fire in extending its horizontal
dimensions).  These aspects influence combus-
tion efficiency of consuming biomass and the
resultant pollutants produced from wildland
fires.  During fires with rapid rates of spread and
high intensity but relatively short duration, a

majority of the biomass consumed will be
smaller woody fuels and will occur during the
more efficient flaming period resulting in less
smoke.  Burning dry grass and shrublands,
forestlands with high large woody and duff fuel
moisture contents, clean, dry piles, and rapidly
igniting an area with circular or strip-head fires
will produce these characteristics.  In simple,
uniform fuelbeds such as pine and leaf litter
with only shallow organic material beneath, a
backing fire with lower rates of spreads and
intensities may consume fuels very efficiently
producing less smoke.  In more complex
fuelbeds, the backing flame may become more
turbulent and this combustion efficiency may
lessen.  During wildland fires with a range of
fire intensities and spread rates but long burning
durations, a large portion of the biomass con-
sumed will occur during the less efficient
smoldering phase, producing more smoke
relative to the fuel consumed.  Smoldering fires
often occur during drought periods in areas with
high loadings of large woody material or deep
duff, moss, or organic soils.  The Emissions
Production Model (EPM) (Sandberg and
Peterson 1984, Sandberg 2000) and FARSITE
(Finney 2000) take into account fire behavior
and lighting pattern to estimate emission pro-
duction rates.

Fuel Consumption

Fuel consumption is the amount of biomass
consumed during a fire and is another critical
component required to estimate emissions
production from wildland fire.  Fuels are con-
sumed in a complex combustion process that
adds to a variety of combustion products includ-
ing particulate matter, carbon dioxide, carbon
monoxide, water vapor and a variety of various
hydrocarbons.  Biomass consumption varies
widely among fires and is dependent on the fuel
type (e.g. grass versus woody fuels), arrange-
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ment of the fuel (e.g. piled versus non-piled
woody debris), condition of the fuel (e.g. high
fuel moisture versus low fuel moisture) and the
way the fire is applied in the case of a pre-
scribed fire (e.g. a helicopter or fixed wing
aircraft ignited high intensity, short duration
mass fire versus a slow, low intensity hand
ignition).  As with fuel characteristics, extreme
variations associated with fuel consumption can
contribute errors of 30 percent or more when
emissions are estimated for wildland fires
(Peterson 1987; Peterson and Sandberg 1988).

In the simplest terms, combustion of vegetative
matter (cellulose) is a thermal/chemical reaction
where by plant material is rapidly oxidized
producing carbon dioxide, water, and heat
(figure 5.4).  This is the reverse of plant photo-
synthesis where energy from the sun combines
with carbon dioxide and water, producing
cellulose (figure 5.4).

In the real world, the burning process is much
more complicated than this.  Burning fuels is a
two-stage process of pyrolysis and combustion.
Although both stages occur simultaneously,
pyrolysis occurs first and is the heat-absorbing
reaction that converts fuel elements such as
cellulose into char, carbon dioxide, carbon
monoxide, water vapor, and highly combustible
hydrocarbon vapors and gases, and particulate
matter.  Combustion follows as the escaping

hydrocarbon vapors released from the surface of
the fuels burn.  Because combustion efficiency
is rarely 100 percent during wildland fires,
hundreds of chemical compounds are emitted
into the atmosphere, in addition to carbon
dioxide and water.  Pyrolsis and combustion
proceed at many different rates since wildland
fuels are often very complex and non-homoge-
neous (DeBano and others 1998).

It has been recognized that there are four major
phases of combustion when fuel particles are
consumed (figure 5.5) (Mobley 1976, Prescribed
Fire Working Team 1985).  These phases are:
(1) pre-ignition; (2) flaming; (3) smoldering;
and (4) glowing (figure 5.4).  During the pre-
ignition phase, fuels ahead of the fire front are
heated by radiation and convection and water
vapor is driven to the surface of the fuels and
expelled into the atmosphere.  As the fuel’s
internal temperature rises, cellulose and lignin
begin to decompose, releasing combustible
organic gases and vapors (Ryan and McMahon
1976).  Since these gases and vapors are ex-
tremely hot, they rise and mix with oxygen in
the air and ignite at temperatures between 6170 F
and 6620 F leading to the flaming phase
(DeBano and others 1998).

In the flaming phase, the fuel temperature rises
rapidly.  Pyrolysis accelerates and is accompa-
nied by flaming of the combustible gases and

CELLULOSE + O2                                                                          CO2 + H20 + ENERGY

Heat/chemical energy

CELLULOSE + O2                                                    CO2 + H20 + ENERGY

Sun/thermal energy

Figure 5.4. The energy flow for combustion is reverse to that for photosynthesis.
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vapors.  The combustion efficiency during the
flaming stage is usually relatively high as long
as volatile emissions remain in the vicinity of
the flames.   The predominant products of
flaming combustion are carbon dioxide (CO2)
and water vapor (H2O).  The water vapor is a
product of the combustion process and also
derives from moisture being driven from the
fuel.  Temperatures during the flaming stage
range between 9320 F to 25520 F (Ryan and
McMahon 1976).  During the flaming period,
the average exterior diameter reduction of round
wood material occurs at a rate of 1 inch per 8
minutes (Anderson 1969).  For example, a dry
limb 3 inches in diameter would take approxi-
mately 24 minutes to completely consume if
flaming combustion was sustained during the
entire time period.

During the smoldering phase, emissions of
combustible gases and vapors above the fuel is
too low to support a flaming combustion result-
ing in a fire spread decrease and significant

temperature drop.  Peak smoldering tempera-
tures range from 572oF  to 1112oF (Agee 1993).
The gases and vapors condense, appearing as
visible smoke as they escape into the atmo-
sphere.  The smoke consists mostly of droplets
less than a micrometer in size.  The amount of
particulate emissions generated per mass of fuel
consumed during the smoldering phase is more
than double that of the flaming phase.

Smoldering combustion is more prevalent in
certain fuel types (e.g. duff, organic soils, and
rotten logs) due to the lack of oxygen necessary
to support flaming combustion. Smoldering
combustion is often less prevalent in fuels with
high surface area to volume ratios (e.g. grasses,
shrubs, and small diameter woody fuels)
(Sandberg and Dost 1990).  Since the heat
generated from a smoldering combustion is
seldom sufficient to sustain a convection col-
umn, the smoke stays near the ground and often
concentrates in nearby valley bottoms, com-
pounding the impact of the fire on air quality.

Figure 5.5.  The four phases of combustion.

Pre-ignition

Flaming

Smoldering

Glowing
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Near the end of the smoldering phase, the
pyrolysis process nearly ceases, leaving the fuel
that did not completely consume with a layer of
black char, high in carbon content.

In the glowing phase, most volatile gases have
been driven off.  Oxygen in the air can now
reach the exposed surface of char left from the
flaming and smoldering phase and the remain-
ing fuels begin to glow with the characteristic
orange color.  Peak temperatures of the burning
fuel during the glowing phase are similar to
those found in the smoldering phase and range
from 572oF   to 1117oF  (DeBano and others
1998).  There is little visible smoke.  Carbon
dioxide, carbon monoxide, and methane are the
principal products of glowing combustion.  This
phase continues until the temperature of the fuel
drops or until only noncombustible, mineral
gray ash remains.

The combustion phases occur both sequentially
and simultaneously as a fire front moves across
the landscape.   The efficiency of combustion
that takes place in each combustion phase is not
the same, resulting in a different set of chemical
compounds being released at different rates into
the atmosphere.  Understanding the combustion
process of each phase will assist managers in
employing various emission reduction tech-
niques.   Fuel type, fuel moisture content,
arrangement, and the way the fuels are ignited
in the case of prescribed fires, can affect the
amount of biomass consumed during various
combustion stages.  Between 20 and 90 percent
of the biomass consumed during a wildland fire
occurs during the flaming stage, with the re-
mainder occurring during the smoldering and
glowing  stages (Ottmar and others [in prepara-
tion].    The flaming stage has a high combus-
tion efficiency; that is it tends to emit the least
emissions relative to the mass of fuel consumed.
The smoldering stage has a low combustion
efficiency and produces more smoke relative to
the mass of fuel consumed.

Biomass consumption of the woody fuels, piled
slash, and duff in forested areas has become
better understood in recent years (Sandberg and
Dost 1990, Sandberg 1980, Brown and others
1991, Albini and Reinhardt 1997, Reinhardt and
others 1997, Ottmar and others 1993, Ottmar
and others [in preparation]).  Large woody fuel
consumption generally depends on moisture
content of the woody fuel and duff.  Approxi-
mately 50 percent of the consumption occurs
during the flaming period.  Duff consumption
depends on fire duration of woody fuels and
duff moisture content.  Consumption occurs
primarily during the smoldering stage when duff
moisture is low.  Consumption of tree crowns in
forests and shrub crowns in shrublands are
poorly understood components of biomass
consumption and research is currently underway
(Ottmar and Sandberg  2000) to develop or
modify existing consumption equations for
these fuel components.

Since consumption during the flaming phase is
more efficient than during the smoldering phase,
separate calculations of flaming consumption
and smoldering consumption are required for
improved assessment of total emissions.  Equa-
tions for predicting biomass consumption by
combustion phase are widely available in two
major software packages including Consume 2.1
(Ottmar and others [in preparation]) and First
Order Fire Effects Model (FOFEM 5.0)
(Reinhardt and Keane 2000).

Consume 2.1 is a revision of Consume 1.0
(Ottmar and others 1993) and uses a set of
theoretical models based on empirical data to
predict the amount of fuel consumption from the
burning of logging slash, piled woody debris, or
natural forest, shrub, grass fuels.  Input variables
include the amount of fuel, woody fuel and duff
moisture content, and meteorological data.   The
software product incorporates the original Fuel
Characteristic System (Ottmar and others [in
preparation]) for assigning default fuel loadings.
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It also incorporates features that allow users to
receive credit for applying fuel consumption
reduction techniques.  FOFEM 5.0 (Reinhardt
and Keane 2000) is a revision of FOFEM 4.0
(Reinhardt and others 1997) and relies on
BURNUP. a new model of fuel consumption
(Albini and Reinhardt 1997).  The software
computes duff and woody fuel consumption for
many forest and rangeland systems of the
United States.  Both Consume 2.1 and FOFEM
5.0 packages are updated on a regular basis as
new consumption models are being developed.

Smoke Emissions

The chemistry of the fuel as well as the effi-
ciency of combustion governs the physical and
chemical properties of the resulting smoke from
fire.  Although smoke from different sources
may look similar to the eye, it is often quite
different in terms of its chemical and physical
properties.  Generally, the emissions we cannot
see are gas emissions and the emissions we can
see are particulate emissions.

Carbon dioxide and water—Two products of
complete combustion during fires are carbon
dioxide (CO2) and water (H2O) and generally
make up over 90 percent of the total emissions
from wildland fire.  Under ideal conditions
complete combustion of one ton of forest fuels
requires 3.5 tons of air and yields 1.84 tons of
CO2 and 0.54 tons of water (Prescribed Fire
Effects Working Team 1985).  Under wildland
conditions, however, inefficient combustion
produces different yields.  Neither carbon
dioxide nor water vapor are considered air
pollutants in the usual sense, even though
carbon dioxide is considered a greenhouse gas
and the water vapor will sometimes condense
into liquid droplets and form a visible white
smoke near the fire.  This fog/smoke mixture
can dramatically reduce visibility and create
hazardous driving conditions.

As combustion efficiency decreases, less carbon
is converted to CO2 and more carbon is avail-
able to form other combustion products such as
carbon monoxide (CO), hydrocarbons (HC),
nitrogen oxides(NOx), and sulfur oxides (SOx),
all of which are considered pollutants.

Carbon Monoxide—Carbon monoxide (CO) is
the most abundant emission product from
wildland fires.  Its negative effect on human
health depends on the duration of exposure, CO
concentration, and level of physical activity
during the exposure.  Generally, dilution occurs
rapidly enough from the source of the fire that
carbon monoxide will not be a problem for local
citizens unless a large fire occurs and inversion
conditions trap the carbon monoxide near rural
communities.  Carbon monoxide is always a
concern for wildland firefighters however, both
on the fire line at prescribed fires and wildfires,
and at fire camps (Reinhardt and Ottmar 2000,
Reinhardt and others 2000).

Hydrocarbons—Hydrocarbons (HC) are an
extremely diverse class of compounds contain-
ing hydrogen, carbon and sometimes oxygen.
Usually, the classes of hydrocarbon compounds
are identified according to the number of carbon
atoms per molecule.  Emission inventories often
lump all gaseous hydrocarbons together.  Al-
though a majority of the HC pollutants may
have no harmful effects, there are a few that are
toxic.  More research is needed to characterize
hydrocarbon production from fires.

Nitrogen Oxides—In wildland fires, small
amounts of nitrogen oxides (NOx) are produced,
primarily from oxidation of the nitrogen con-
tained in the fuel.  Thus the highest emissions of
Nox occur from fuels burning with a high
nitrogen content.  Most fuels contain less than 1
percent nitrogen.  Of that about 20 percent is
converted to NOx when burned.
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Hydrocarbons and possibly nitrogen oxides
from large wildland fires contribute to increased
ozone formation under certain conditions.

Particulate Matter—Particulate matter pro-
duced from wildland fires limits visibility,
absorbs harmful gases, and aggravates respira-
tory conditions in susceptible individuals (figure
5.6).  Over 90 percent of the mass of particulate
matter produced by wildland is less than 10

microns in diameter and over 80-90 percent is
less than 2.5 microns in diameter (figure 5.7).
These small particles are inhalable and respi-
rable.  Respirable suspended particulate matter
is that proportion of the total particulate matter
that, because of its small size has an especially
long residence time in the atmosphere and
penetrates deeply into the lungs.  Small smoke
particles also scatter visible light and thus
reduce visibility.

Figure 5.6.  Relative sizes of beach sand, flour, and a PM2.5 particle in smoke.
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Emission Factors

An emission factor for a particular pollutant of
interest is defined as the mass of pollutant
produced per mass of fuel consumed (i.e., lbs/
ton in the English system or g/kg as the metric
equivalent).  Multiplying an emission factor in
grams/kg by a factor of two will convert the
emission factor to English units (pounds/ton).

Emission factors vary depending on type of
pollutant, type and arrangement of fuel and
combustion efficiency.  The average fire emis-
sion factors have a relatively small range and
contributes approximately 16 percent of the total
error associated with predicting emissions
production (Peterson 1987; Peterson and
Sandberg 1988).  In general, fuels consumed by
flaming combustion produce less smoke than
fuels consumed by smoldering combustion.
Emission factors for several smoke compounds

are presented in table 5.1 for the flaming,
smoldering, and fire average for generalized fuel
types and arrangements.  Emission factors can
be used by air quality agencies to calculate local
and regional emissions inventories or by manag-
ers to develop strategies to mitigate downwind
smoke impacts.  Additional emission factors
have been determined for other fuel types and
will be available in the future.

Total Emissions, Source
Strength, and Heat Release Rate

Total emissions from a fire or class of fires (that
is, a set of fires similar enough to be character-
ized by a single emission factor) can be esti-
mated by multiplying that emission factor by the
biomass consumed and an accurate assessment
of the total acreage burned.  For instance,
assume that 10 tons/acre of fuels will be con-

Figure 5.7.  Particulate matter size-class distribution from typical wildland fire smoke.
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Table 5.1.  Forest and rangeland emission factors 1Ward and others 1989; 2Hardy and others 1996;
3Hardy and Einfield 1992).  

 
 

 
 

      
 

 
  

 

  
 

 

  

  
 

 

  

 
 

 

  

  

 

  

  
 

 

 

 

  

  
 

 

  

  
 

  
 

 

 

  

  

 

  

  

 

 

 

 

Page 262 of 644



– 101 –

2001 Smoke Management Guide 5.0 – Source Characteristics

sumed during a 200 acre landscape prescribed
burn in a ponderosa pine stand.  Following the
fire, ground surveys and aerial reconnaissance
indicate a mosaic fire pattern and only 100 acres
of the 200 acres within the fire perimeter actu-
ally burned.  Since the emission factor for
particulate matter 2.5 microns in diameter or
less (PM2.5) for pine fuels is approximately 22
lbs/ton, then total emission production would
be:

Managers can make better estimates of emis-
sions produced from a wildland fire if the
amount of fuel consumption in the flaming and
smoldering combustion period is known.   The
same general approach is used although it is
slightly more complicated.  The fuel consumed
during the flaming period and smoldering period
are multiplied by the appropriate flaming and
smoldering emission factor for a particular fuel
type, then summed.  Computer software such as
Consume 2.1 (Ottmar and others [in prepara-
tion]) and FOFEM 5.0 (Reinhardt and Keane
2000) use this approach to improve estimates of
total emissions produced from wildland fire as
compared with the fire average approach.  An
emission inventory is the aggregate of total
emissions from all fires in a given period for a
specific geographic area and requires total
emissions.

Modeling emissions from wildland fires requires
not only total emissions, but also source
strength.  Source strength is the rate of air
pollutant emissions in mass per unit of time or
in mass per unit of time per unit of area and is
the product of the rate of biomass consumption
and an emission factor for the pollutant(s) of
interest.  Source strength can be calculated by
the equation:

Emission rates vary by fuel loading, fuel con-
sumption, and emission factors.  Figure 5.8
graphically depicts general trend differences in
emission production rate and total emissions
production (area under each curve) for various
prescribed fire scenarios.   Mechanically treating
fuels before burning, mosaic burning, burning
under high fuel moisture contents, and burning
piles are specific ways emission rates can be
reduced to meet smoke management require-
ments.

The consumption of biomass produces thermal
energy and this energy creates buoyancy to lift
smoke particles and other pollutants above the
fire.  Heat release rate is the amount of thermal
energy generated per unit of time or per unit of
time per unit of area.  Heat release rate can be
calculated by the equation:

Both source strength and heat release rate are
required by all sophisticated smoke dispersion
models (Breyfogle and Ferguson 1996).  Disper-
sion models are used to assess the impact of
smoke on the health and welfare of the public in
cities and rural communities and on visibility in
sensitive areas such as National Parks, Wilder-
ness areas, highways, and airports.  The Emis-
sions Production Model (EPM) (Sandberg and
Peterson 1984; Sandberg 2000) is the only
model that predicts source strength and heat
release rate for wildland fires.  The EPM soft-
ware package imports fuel consumption predic-
tions from Consume 2.1 or FOFEM 5.0 and uses
ignition pattern, ignition periods, and burn area
components to calculate source strength, heat
release rate, and plume buoyancy.
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Figure 5.8a. Emission production rate over time for
PM2.5 during an underburn with and without fuels
mechanically removed.

Figure 5.8b. Emission production rate over time for
PM2.5 during a mosaic burn and a burn where fire
covers the entire area within the perimeter.

Figure 5.8c. Emission production rate over time for
PM2.5 during an underburn with low and high fuel
moisture content.

Figure 5.8d. Emission production rate over time for
PM2.5 during an underburn and a pile burn.
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Fire Use Planning

Tom Leuschen

Dale Wade

Paula Seamon

The success of a fire use program is in large part
dependent on a solid foundation set in clear and
concise planning.  The planning process results
in specific goals and measurable objectives for
fire application, provides a means of setting
priorities, and establishes a mechanism for
evaluating and refining the process to meet the
desired future condition.  It is an ongoing
process, beginning months or even years in
advance of actual fire use, with plans becoming
increasingly specific as the day of the burn
approaches.  Although details differ between fire
practitioners, the general planning process is
essentially the same.

Land and Resource
Management Planning

Fire use planning should begin as a component
of the overall land and resource management
planning for a site.  Consideration of the inten-
tional use of fire to achieve stated resource
management goals should be an integral part of
this process.  In deciding whether or not fire use
is the best option to accomplish a given objec-
tive, an analysis of potential alternative treat-
ments should be completed.  This analysis
should describe the risks associated with use of
a given treatment and include expected negative
as well as beneficial outcomes.  Care should be

exercised to separate statements that are sup-
ported by data (preferably local and ecosystem-
specific), from those only purported to be true.

Many private landowners do not have written
resource management plans, but most have a
vision of what natural resource attributes they
want to favor and what they want their lands to
look like.  We recommend they put this vision
on paper to provide guidance to themselves and
their heirs.

The plans should identify any barriers to imple-
menting a treatment judged best from a re-
source management standpoint, such as
regulations, cost, or insufficient resources.  If
such a treatment is not recommended because
of these barriers, the probable ecological ramifi-
cations of this decision should be documented.
On sites where fire is selected as the best
alternative to accomplish the desired resource
management objectives, the next step in fire use
planning is to develop a fire management plan.

The Fire Management Plan

The fire management plan addresses fire use at
the level of the administrative unit, such as a
forest, nature preserve, park, ranch or planta-
tion.  It ensures that background information
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about the area has been researched, legal con-
straints reviewed, and a burn program found to
be both justified and technically feasible.  It
proposes how fire will be applied to the land-
scape, both spatially and temporally.  When
managing for multiple resources (e.g., range,
wildlife, and timber) on a tract, guidance should
be provided regarding the allocation of benefits;
i.e., should benefits to the same resource always
be maximized on given burn units, or should the
focus be rotated among benefits on some, or all
burn units over time?

Items commonly addressed in the fire manage-
ment plan are:

• Background information on the area, such
as topography, soils, climate and fuels

• Applicable fire laws and regulations,
including any legal constraints

• Landowner policy governing fire use on
this tract of land

• Fire history of the area, including the
natural fire regime, and recent fire occur-
rence or use

• Justification for fire management

• Fire management goals for the area,
including a description of the desired
future condition. (Objectives for specific
burns are set in the burn unit plan, see
below.)

• Fire management scheduling, qualitatively
describing how fire will be applied to the
site over time to achieve stated resource
objectives. (Quantitative descriptions of
fireline intensity, fire severity, and season
of burn are set in the burn unit plan, see
below.)

• Species of special concern, wildlife habitat
issues, invasive species issues

• Definition and descriptions of treatment
units or burning blocks

• Air quality and smoke management
considerations

• Neighbor and community factors

• Maps illustrating fuels distribution, treat-
ment units, smoke sensitive areas, etc.

When complete, this document should enable
the resource manager to gain the support (both
internal and external) and identify the resources
needed to effectively and efficiently use fire as a
management tool.

Community involvement in the fire planning
process is crucial to public acceptance of fire
use.  At what stage to involve the public in the
process will depend on regional issues, regula-
tions, and organizational policy.  In general, the
earlier the public is involved, the easier it is to
reach agreement on any concerns.  Whenever it
is done, it is important to remember that public
support is key to the long-term success of a fire
management program.  Unexpected results,
including under-achievement and over-achieve-
ment of objectives, are bound to occur.  A full,
honest discussion of the potential for such
results, and their ramifications, can defuse
negative reaction to the occasional bad outcome,
especially if the public was involved early in the
planning process.

Further guidance for developing a fire manage-
ment plan is available from a number of federal
sources, including Wildland and Prescribed
Fire Management Policy: Implementation
Procedures Reference Guide (USDI and USDA
Forest Service 1998), and from The Nature
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Conservancy’s Fire Management Manual
(www.tncfire.org/manual).

The Burn Plan

Once the fire management plan is completed
and approved, the next step is implementation—
not an easy task.  Resource managers are usu-
ally faced with numerous constraints, such as
budget and staff limitations, equipment avail-
ability, timing of good burning conditions, and a
lack of information on potential effects.  A
successful prescribed fire program requires the
complete dedication of the fire management
staff, full cooperation of all personnel and
functional areas involved, and unwavering
support and commitment throughout the chain
of command.

Although the overall resource management
goals for an individual burn unit often remain
unchanged for long periods, the specific burn
objectives for a given unit will likely vary over
time, necessitating modifications to the unit plan
for each burn.  For example, the use of a head-
ing fire during the growing season to promote
biodiversity and flowering of ground layer
plants may be the current burn objective, while a
backing fire during the dormant season may
have been used to reduce hazardous fuels loads
the last time the unit was burned.

A written burn plan serves several important
purposes:

• It makes the planner think about what he/
she wants to achieve, and how it will be
accomplished.

• It allows the fire manager to prioritize
between burn units based on constraints
and objectives.

• It functions as the operational plan that
details how a burn will be safely and
effectively conducted.

• It serves as the standard by which to
evaluate the burn.

• It provides a record for use when planning
future burns (which makes it essential to
document any changes when the burn is
conducted, directly on the plan).

• It becomes a legal record of the intended
purpose and execution of the burn project.

There is no standard format for a burn unit plan;
numerous examples are available which can be
consulted for guidance.  Sources include state
and federal land management agencies, The
Nature Conservancy’s internet site
(www.tncfire.org), or publications such as A
Guide to Prescribed Fire in Southern Forests
(Wade and Lunsford, 1989), which is available
online from the Alabama Private Forest Man-
agement Team website (www.pfmt.org/
standman/prescrib.htm), and from the Florida
Division of Forestry (flame.fl-dof.com/Env/Rx/
guide/).

Although formats differ, certain components
should be included in all burn plans. They
should address at least the following 12 topics:

1. Assessment and Description of the Burn
Unit.  The first step in developing a burn
plan is to evaluate and document existing
conditions.  Factors to include depend on the
site itself, as well as the complexity of the
planned burn.  The information recorded here
will serve as the baseline from which success
of the burn will be determined, so parameters
used in the burn objectives should be as-
sessed and described.  Include details on the
unit size (broken into single-day burn units);
date of the last burn; overstory and under-
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story vegetation, density and size; fuel type,
density and size; soil type and topography;
threatened and endangered species present;
invasive species present; and current wildlife
use.

2.  Maps. Good maps of the treatment area are a
key component of the burn plan.  The map
scale should be adequate to show pertinent
information in meaningful detail.  Be careful
not to include too much information on a
single map, making it difficult to read.  The
burn plan should include a series of maps
showing the following: unit boundaries;
adjacent land ownerships, including contact
person and phone numbers; topography and
manmade obstacles such as canals, ditches,
and erosion gullies that would impede equip-
ment or people; natural and constructed fire
control lines; areas to be protected or ex-
cluded such as sawdust piles, utility poles
and sensitive vegetation areas; firing plan;
initial placement of equipment and holding
personnel, and; escape routes and safety
zones.  Every crew member should receive a
map with the information essential to person-
nel safety and burn operations.

3.  Measurable Burning Objectives.  Unit-
specific treatment objectives identify the
desired changes in affected resources from
the present to the future condition.    Treat-
ment objectives are prepared within the
context and intent of all resource manage-
ment objectives.  They are the measures
against which the success of a burn is deter-
mined.  Burn objectives make clear to every-
one involved what is expected - including the
burners, cooperators, managers, and the
public.  The objectives should be detailed
statements that describe what the treatment is
intended to accomplish, and as such, must be
specific and quantifiable.

4.  Weather and Fuel Prescription.  The
prescription defines the range of conditions
under which a fire is ignited and allowed to
burn to obtain given objectives.  Fuel mois-
ture (by size class) and weather conditions
(temperature, humidity, wind, drought,
dispersion index) are key factors in achieving
objectives because they in large part deter-
mine fire behavior (intensity and severity),
which in turn, governs ease of fire control
and effects.  These same parameters also
affect smoke production and transport.
Considerable care should therefore be taken
in defining the window of conditions under
which the projected burn may take place.
Although there may be an ideal set of condi-
tions that will maximize a single objective,
the likelihood of this set of conditions occur-
ring at the right time is typically extremely
low.  Therefore, a range of fuel and weather
conditions are usually specified in the burn
prescription that allow the skilled burner to
compensate between various parameters to
safely and efficiently conduct a successful
burn—a burn which meets both the resource
and smoke management objectives.

5.  Season and Time of Day.  The season of
burn influences many burn parameters.
Typically, acceptable burning conditions are
more predictable during certain seasons,
making it easier to plan and prepare for burns
days in advance, but not all burn objectives
may be achievable under those weather and
fuel conditions.  Regional effects are impor-
tant in decision-making for this factor.  For
example, in the southeast, dormant season
burns are generally more uniform in effects
while growing season burns are more likely
to be patchy.  Backing fires are much easier
to conduct during the dormant season when
ground layer herbaceous plants are dead and
burn readily, rather than green and succulent
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thereby retarding fire spread.  In the Pacific
Northwest, season of burn can be used to
reduce emissions.  Broadcast burning of
slash in the wet spring has been shown to
produce 50% fewer emissions when com-
pared to burning periods in the dry fall
(Sandberg and Dost 1990).  Selecting the
correct season to execute a burn will help
maximize the probability of achieving the
burn objectives.

The timing of ignition determines whether
the burn can be completed and mopped up as
scheduled during the burning period.  Timing
is also important when considering factors
such as: when solar radiation will break a
nighttime inversion or dissipate any dew
which formed during the night, when atmo-
spheric conditions will support adequate
transport and dissipation of smoke, when
surface winds may develop or change speed
or direction, or when a sea breeze front may
reach the unit.  Experienced burners become
familiar with the area, and learn how to
factor these time-sensitive influences into
their burn plans.

6.  Smoke Management.  Planning a fire use
project that has the potential to impact areas
sensitive to smoke requires assessment of
airshed and meteorological conditions that
influence both the movement and concentra-
tion of smoke.  The expected effects of wind
speed and direction, air stability, and night-
time inversions should be specifically out-
lined.  Specific regional issues should be
addressed, such as mountainous terrain, fog,
or sea breeze effects.  This information
normally will be developed by fire managers
using their personal experience and knowl-
edge of fire behavior, smoke transport and
dispersion in the area, along with more
formal emissions prediction and dispersion
modeling.

Sensitive areas downwind of the burn unit
should be identified and plotted on a map.
Information such as distance and direction
from the burn unit, the nature of the sensitiv-
ity, and when the area is considered sensitive
should be included.  Examples of smoke
sensitive areas include Class I areas (gener-
ally, international parks, and large national
parks and national wilderness areas), non-
attainment areas, communities or individual
residences,  airports, highways, and medical
facilities.  Several procedures for predicting
the potential impact of smoke on sensitive
areas are discussed in chapter 9.

Smoke dispersion in areas prone to inver-
sions, such as deep, mountainous valleys, is
especially problematic in fire use planning.
If the smoke remains trapped by the inver-
sion, all of the emissions produced will
remain trapped within the airshed.

The following smoke-related questions
should be addressed in every plan:

• What quantity of emissions will it take to
saturate this airshed?

• Where will the smoke concentrate if it
settles under an inversion?

• Do special arrangements need to be made
to protect populations impacted by these
emissions?

• How many burning projects will it take
cumulatively to exceed acceptable levels
within this airshed?

• How long will the airshed remain stable
and harbor the emissions?
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In instances where a burn may affect an area
especially sensitive to smoke, the use of air
quality monitors may be advisable to ensure
that an agreed-upon emission level or limit is
not exceeded.  Factors to consider in using
monitors include placement of the device,
personnel to operate the instrument, quality
checks, data analysis, and provisions for real-
time feedback if data is to be used in making
a decision to terminate a burn in progress.
Monitors are not commonly accessible and
are costly to use, so this option is chiefly
available to federal and state agencies.  Air
quality monitoring for evaluating a fire
management program is discussed in Chapter
10.

Smoke impacts to fireline personnel should
also be considered in a smoke management
plan.  The burn planner should consider
projected exposure when determining the
size of the burn crew and the duration of the
work shift.  More information on smoke
exposure to fireline personnel can be found
in Chapter 3.4.

Once an analysis of significant factors is
complete, the planner should set specific,
measurable smoke management objectives
for the burn.  These may include, for ex-
ample, minimum visibility standards for
roads or viewsheds, and an emissions limit if
air quality monitors are to be used.  Objec-
tives provide a common understanding for all
individuals involved in or affected by the
burn, of what constitutes acceptable smoke
impacts.  They also provide a tool for the
burn boss when deciding whether to termi-
nate a fire because of problematic smoke
behavior.  If the decision is made to termi-
nate a burn because of smoke problems, it
should be remembered that direct suppres-
sion often temporarily exacerbates smoke
problems.  If ignition has been completed,
the best strategy may be too let the fire burn
out.

The amount of air quality analysis required at
all levels of fire planning will be influenced
by air quality laws and smoke management
regulations.  Formal state smoke manage-
ment programs are becoming increasingly
common, but are not yet universal.  Some
states include only regulatory language
regarding “nuisance smoke.”  Complying
with all applicable laws and regulations is a
basic tenet of conscientious land stewardship,
but responsible fire use and air quality
planning include looking beyond the require-
ments of the law.  Communities likely to be
impacted by a fire-use program should be
involved in determining what their threshold
of acceptance is for smoke from wildland
fire.  Thorough attention to smoke manage-
ment planning can prevent future problems.

7.  Notification of Local Authorities and the
Public.  Early development of a notification
plan will assist in the necessary communica-
tion with local authorities and the public.  A
wide variety of methods have proven suc-
cessful, including distribution of pamphlets
or flyers, public meetings, newspaper and
radio announcements, and Internet postings.
The public should be notified well in ad-
vance of the proposed burn day, and again
within a few days of executing the burn.
Generally, there is a list of individuals to be
notified on the actual burn day.  This list is
often unit-specific, and should be included
along with telephone numbers in the burn
plan.

8.  Environmental and Legal Constraints.  If
constraints to the burn plan have not already
been addressed in a fire management plan for
the entire site, they should be addressed here
because they can limit or determine how a
burn is implemented.  These may include
environmental, economic, operational,
administrative, and legal constraints.
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9.  Operations.  The burn plan must describe in
detail how fire will be used.  This section of
the plan may take any number of formats, but
the topics to be addressed include:

• Safety.  What provisions will be made to
ensure the safety of the crew?

• Communications.  How will the crew
communicate with each other, and with
dispatch or emergency support?

• Equipment and Personnel.  What re-
sources are needed to effectively accom-
plish the burn and how will they be
deployed?

• Fire Lines.  What is the width and condi-
tion of existing fire lines?  How many
chains of fireline need to be prepared or
cleared?  How will this be accomplished?

• Ignition Pattern and Sequence.  How will
the burn be ignited?  Ignition duration and
firing patterns play an important role in
production and lofting of emissions.
Rapid ignition may reduce consumption,
therefore emissions, and be successful in
lofting a smoke column high into the
atmosphere.  Backing fires produce fewer
emissions than heading fires.  More
information on using ignition to manage
emissions production can be found in
Chapter 8, Techniques to Reduce Emis-
sions and Impacts.

• Holding.  How will the fire be kept within
its predetermined boundaries? How will
snags be dealt with?

• Mop-up.  How will the burn be extin-
guished?  What standard will be used to
consider the burn unit safe to leave?

10. Contingency Planning.  Contingency plans
outline procedures for dealing with a burn
gone awry.  They are a normal part of a burn
plan and should include provisions to deal
not only with escaped fire, but also with
unexpected smoke intrusions during an
otherwise controlled burn.  Some of the
issues to be addressed include safety of the
general public and the fire crew, sources of
assistance for fire control and smoke-related
problems, deployment of resources, actions
to be taken to rectify the problem, notifica-
tion of authorities and the public, and mea-
sures to mitigate smoke on roadways.  It
should be recognized that in some cases
where smoke problems dictate shutting
down a burn after ignition has been com-
pleted, the most prudent action may be to
allow the unit to burn out rather than to
immediately extinguish it, which can tempo-
rarily exacerbate smoke production.

11.  Preburn Checklist.  Every burn plan
should include a checklist to be reviewed
immediately prior to ignition.  The checklist
should include the factors essential to safe
execution of the burn project, and a list of
points to review with the crew during the
preburn briefing.  The use of the checklist
ensures that some detail does not slip by the
burn manager’s attention in the busy mo-
ments preceding a fire.

12.  Monitoring and Evaluation.  Monitoring
and evaluation of the burn are key to learn-
ing from the process and making refine-
ments for subsequent burns.  Where
appropriate and practical, monitoring and
post-fire evaluation protocols describing the
effects on soil, water, air, vegetation, and
wildlife should be included in the burn unit
plan.  Alternatively, the information can be
included in a post-burn evaluation report or
form, which is attached to the burn plan after
completion.
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• Documenting air quality conditions before,
during, and after a fire is useful in identi-
fying nuisance smoke thresholds and
assuring that air quality standards have not
been exceeded.  Additionally, monitoring
and documenting smoke transport, dilu-
tion, or concentrations in each airshed can
help develop local knowledge that is the
basis of predicting smoke impacts.  In
addition to environmental effects, the
following topics should be addressed:
adequacy of preburn treatments, fire
behavior, degree to which objectives were
achieved, discrepancies between planned
fuel and weather components and on site
measurements, observations, accidents or
near-accidents, slopovers, and recommend
changes for future burns.  A series of
photographs over time at permanent photo
points is an excellent inexpensive method
to document vegetation changes.

Fire Use Planning for Federal
Land Managers

The Wildland and Prescribed Fire Management
Policy: Implementation Procedures Reference
Guide (USDI and USDA Forest Service 1998)
represents an effort by Federal wildland fire
management agencies to establish standardized
procedures to guide implementation of the
policy described in the 1995 Federal Wildland
Fire Management Policy and Program Review.
It uses new terminology and definitions to
provide consistency and interpretation to
facilitate policy implementation, and describes
relationships between planning tiers to fire
management objectives, products, and
applications.

The federal process generally follows the plan-
ning process described above.  The flow of
information begins with the land and resource
management plan, variously called the Forest
Management Plan (FS), Integrated Resource
Management Plan (BIA), Resource Manage-
ment Plan (NPS), Comprehensive Conservation
Plan (FWS) and the Forest Management Plan
(FS).  This plan determines the availability of
land for resource management, predicts levels of
resource use and outputs, and provides for a
variety of resource management practices.

The next step is preparation of the Fire Manage-
ment Plan (FMP).  The FMP is the primary tool
for translating programmatic direction devel-
oped in the land management plan into on-the-
ground action.  The FMP must satisfy NEPA
requirements, or follow direction provided by a
Forest Plan that has been developed through the
NEPA process.  Comparisons between fire use
activities and no fire use should be described in
the NEPA process.  This includes implications
of wildland fire and prescribed fire use over
extended periods of time.

The most detailed step in the process involves
the tactical implementation of strategic objec-
tives for the wildland and prescribed fire man-
agement programs.  It is at this level where
specific plans are prepared to guide implementa-
tion of fire-related direction on the ground.  This
step includes Prescribed Fire Plans, Wildland
Fire Implementation Plans, and the Wildland
Fire Situation Analysis.

More information on the smoke management
requirements and federal planning process is
contained in Chapter 4.
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Smoke Management Meteorology

Sue A. Ferguson

Once smoke enters the atmosphere, its concen-
tration at any one place or time depends on
mechanisms of transport and dispersion.  By
transport, we mean whatever carries a plume
vertically or horizontally in the atmosphere.
Dispersion simply is the scattering of smoke.

Vertical transport is controlled by the buoyancy
of the smoke plume and stability of the atmo-
sphere.  Horizontal transport is controlled by
wind.  The larger the volume of space that
smoke is allowed to enter and the farther it can
be transported, the more disperse and less
concentrated it will become.  To begin under-
standing stability and wind that control transport
and dispersion, we begin with a few elemental
concepts.

Air Pressure

It is helpful to understand air pressure because
storms and stagnant air conditions are described
in terms of low pressure and high pressure,
respectively.  Lines of constant pressure are used
to illustrate the state of the atmosphere on
weather maps, and pressure influences the
expansion and contraction of smoke parcels as
they travel through the atmosphere.  Air pressure
is the force per unit area exerted by the weight
of the atmosphere above a point on or above the
earth’s surface.  More simply it can be thought
of as the weight of an overlying column of air.
Air pressure is greatest near the ground, where
the overlying column of air extends the full

height of the atmosphere.  Pressure decreases
with increasing altitude as the distance to the top
of the atmosphere shortens.

In a standard atmosphere, which represents the
horizontal and time-averaged structure of the
atmosphere as a function of height only, pres-
sure decreases approximately exponentially with
height.  With 1,013 millibars (mb) being the
standard atmospheric pressure at sea level, the
average height of the 850 mb pressure level
typically occurs at about 5,000 feet (~1,500 m),
the 700 mb pressure level typically occurs at
about 10,000 feet (~3,000 m), and the 500 mb
height averages around 20,000 feet (~6,000 m).
In the lowest part of the atmosphere (less than
about 8,000 feet) pressure decreases by approxi-
mately 30 mb per 1000 feet.  These are useful
values to remember when analyzing meteoro-
logical data and maps for smoke management.
Actual pressure is nearly always within about
30% of standard pressure.

Lapse Rates

Lapse rate is the decrease of temperature with
height.  Lapse rates help determine whether
smoke will rise from a fire or sink back to the
surface and are used to estimate atmospheric
stability.  When air is heated it expands, be-
comes less dense and more buoyant.  This
causes it to rise.  A parcel of air that is heated at
the ground surface by fire or solar radiation
becomes warmer than its surroundings, causing
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it to lift off the surface.   As it rises, it encoun-
ters lower pressure that causes further expan-
sion.  The more air expands, the cooler it
becomes.  If a parcel of air becomes cooler than
its surroundings, it will sink.

Cooling by expansion without an exchange of
heat at the parcel boundaries is called adiabatic
cooling.  In dry air, rising air parcels typically
cool at a rate of about 5.5 °F per 1,000 feet (~
10 °C/km).  This is called the dry adiabatic lapse
rate (DALR).  For example, on a clear day if a
heated parcel of air begins at sea level with a
temperature of 70 °F (~21 °C), it will cool dry-
adiabatically as it rises, reaching a temperature
of 53.5 °F (~12 °C) at 3,000 feet (~915 m).

Rising moist air (relative humidity greater than
about 70%) is said to undergo a saturation-
adiabatic process.  The saturated adiabatic lapse
rate (SALR) or moist adiabatic lapse rate is a
function of temperature and water content.  This
is because as moist air cools its water vapor
condenses, giving off latent heat in the conden-
sation process and causing a saturated parcel to
cool more slowly than a dry parcel.  Near the
ground in mid-latitudes the SALR can be ap-
proximated at a rate of about 3 °F per 1,000 feet
(~ 5.5 °C/km).  For example, on a humid or
rainy day, a heated parcel with a 70 °F (~21 °C)
initial temperature at sea level, will reach a
temperature of 61 °F (~16 °C) at 3,000 feet
(~915 m).

Lapse rates are determined by comparing
temperatures between different elevations.  The
temperature from a ridge-top weather station
can be subtracted from the temperature at a
nearby valley-located weather station to calcu-
late lapse rate.   More commonly, radiosonde
observations (raobs) are used to determine lapse
rates.  These balloon-mounted instruments

measure temperature, wind, pressure, and
humidity at several elevations from the ground
surface to thousands of feet.  Raobs are avail-
able from weather services or at several sites on
the Internet twice each day: at 0000 Universal
Time Coordinated (UTC)1 and 1200 UTC.

There are several ways of plotting raob data.
Typically a pseudo-adiabatic chart is used.  This
chart shows measured values of temperature vs.
pressure over lines of DALR and SALR.  Figure
7.1 illustrates how the above examples would
appear on a standard pseudo-adiabatic chart.
More recently, skew-T/log-P diagrams (skew-T
for short) have become popular.  Instead of
plotting temperature and pressure on linear,
orthogonal axes, skew-T diagrams plot the log
of pressure and skew the temperature axis by
45°.   The skew-T/log-P view of raob data
allows features of the atmosphere to be more
obvious than when plotted on a standard
pseudo-adiabatic chart.  Figure 7.2 illustrates the
above examples on a skew-T diagram.  On both
standard pseudo-adiabatic charts and skew-T
diagrams, elevation in meters or feet (corre-
sponding to the pressure of a standard atmo-
sphere) may be shown and wind direction and
speed with height is represented parallel to or
along the right-hand vertical axis.  Many other
features also may be included.

Atmospheric Stability

Atmospheric stability is the resistance of the
atmosphere to vertical motion and provides an
indication of the behavior of a smoke plume.
Full characterization of a smoke plume requires
a complete estimation of the atmosphere’s
turbulent structure that depends on the vertical
patterns of wind, humidity, and temperature,

1  Universal Time Coordinated (UTC) is Standard Time in Greenwich, England.  UTC is 9 hours ahead of Alaska
Standard Time (AST), where 0000 UTC = 1500 AST and 1200 UTC = 0300 AST.  UTC is 5 hours ahead of Eastern
Standard Time (EST), where 0000 UTC = 1900 EST and 1200 UTC = 0700 EST.
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Figure 7.1.  Standard pseudo-adiabatic chart.  Short-dashed lines show the saturated adiabatic lapse rate
(SALR) and long-dashed lines show the dry adiabatic lapse rate (DALR).  Point A marks a parcel of air at the
surface with a temperature of 21 °C (70 °F).  If the atmosphere is dry, the parcel will follow a DALR as it rises
and reach point B with a temperature of 12 °C (53.5 °F) at 915m (3000 ft).  If the atmosphere is saturated, the
parcel will follow a SALR as it rises and reach point C with a temperature of 16°C (61 °F) at 915m (3000 ft).

Figure 7.2.  Skew-T pseudo-adiabatic chart.  Short-dashed lines show the saturated adiabatic lapse rate
(SALR) and long-dashed lines show the dry adiabatic lapse rate (DALR).  Point A marks a parcel of air at the
surface with a temperature of 21 °C (70 °F).  If the atmosphere is dry, the parcel will follow a DALR as it rises
and reach point B with a temperature of 12 °C (53.5 °F) at 915m (3000 ft).  If the atmosphere is saturated, the
parcel will follow a SALR as it rises and reach point C with a temperature of 16°C (61 °F) at 915m (3000 ft).
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which are highly variable in space and time.
Because this can be a complex calculation, it
often is approximated by estimates of static
stability.  The static stability of the atmosphere
is determined by comparing the adiabatic lapse
rate with ambient, environmental lapse rates (as
would be measured from instruments on a rising
balloon).   By this approximation, an unstable
air mass is one in which the temperature of a
rising parcel of air remains warmer than its
surroundings.  In a stable air mass, a rising
parcel’s temperature is cooler than ambient and
a neutral air mass is one in which the ambient
temperature is equal to the adiabatic lapse rate.

The most common way of estimating static
stability is to note the slope of vertically mea-
sured temperature in relation to the slope of the
dry (or moist) adiabatic line from a pseudo-
adiabatic chart.  Figure 7.3 shows raob-mea-
sured dry-bulb and dew-point temperatures and

the theoretical trajectory of a parcel being lifted
from the surface.  The parcel trajectory begins at
the current surface temperature then follows a
DALR until it becomes saturated.  The point of
saturation is called the lifting condensation level
(LCL).  Its height in meters can be approxi-
mated as 120 x (T

0
 – T

d
), where T

0
 is the tem-

perature at the surface and T
d
 is the mean

dew-point temperature in the surface layers,
both in degrees Celsius.  From the LCL, the
parcel trajectory follows a SALR.

Throughout the depth of the diagram in figure
7.3, the slope of the measured temperature is
nearly always steeper than the slope of the
adiabatic temperature, suggesting that a lifted
parcel always will remain cooler than the ambi-
ent temperature, which is a sign of stability.  The
large distance between the measured tempera-
ture and the temperature of the theoretical parcel
trajectory also gives an indication of strong

Figure 7.3.  Skew-T plot of a stable atmosphere.  The thick black line on the right is the measured environmental dry-bulb
temperature.  The thick black line on the left is the measured environmental dew-point temperature.  The red line is a
theoretical parcel trajectory.  Short-dashed lines are the SALR and long-dashed lines are the DALR.
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stability.  In a stable atmosphere, smoke ema-
nating from relatively cool fires will stay near
the ground.  Hot fires may allow plumes to loft
somewhat through a relatively stable atmo-
sphere but fumigation of smoke near the ground
remains common.  Figure 7.4 shows smoke
from a vigorous wildfire under a stable atmo-
sphere.  Smoke plumes are trying to develop but
a strongly stable layer is trapping most smoke
just above the ridge tops.

Parcel trajectories in an unstable atmosphere
remain warmer than the measured environmen-
tal temperatures (figure 7.5).  During unstable
conditions, smoke can be carried up and away
from ground level.  Downwind of the source the
instability causes smoke plumes to develop a
looping appearance (figure 7.6).  Obviously
there are many variations between stable and
unstable atmospheres that cause various patterns
of lofting, fanning, coning, looping, and fumi-
gation.  Each situation shows characteristic

signatures on a pseudo-adiabatic chart but some
experience may be required to distinguish the
subtle differences.

Because upper-air observations and observations
from significantly different elevations are not
always available, Pasquill (1961 and 1974)
developed a scheme to estimate stability from
ground-based observations.  Not only is this
classification system used to estimate plume
characteristics; it also is used in many smoke
dispersion models as a proxy for atmospheric
turbulence.  Table 7.1 shows the Pasquill classi-
fication criteria as modified by Gifford (1962)
and Turner (1961, 1964, 1970).   In this ex-
ample, surface wind is measured at 10 meters
above open terrain.  With clear skies, the class
of incoming solar radiation is considered strong,
moderate, or slight if the solar altitude angle is
greater than 60°, between 35° and 60°, or less
than 35°, respectively.  If more than 50 per cent
opaque cloud cover is present and the cloud

Figure 7.4.  A smoke plume from a vigorous wildfire during stable atmospheric
conditions. Photo by Roger Ottmar.
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Figure 7.5.  Skew-T plot of an unstable atmosphere.  The thick black line on the right is the measured
environmental dry-bulb temperature.  The thick black line on the left is the measured environmental dew-point
temperature.  The red line is a theoretical parcel trajectory.  Short-dashed lines are the SALR and long-dashed
lines are the DALR.

Table 7.1.  Pasquill stability classification criteria, where A = extremely unstable, B = moderately unstable,
C = slightly unstable, D = neutral, E = slightly stable, and F= moderately stable.   See text for an
explanation of the incoming solar radiation classes.
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ceiling height is less than 7,000 feet (~2,100m),
the solar class is slight.  If ceiling height is
between 7,000 feet and 16,000 feet (~4,800m),
then the solar class is one step below what it
would be in clear sky conditions.  At night,
classification is based on the amount of sky that
is obscured by clouds.  An objective way of
determining stability classification is shown in
Lavdas (1986) and Lavdas (1997).

Mixing Height

Mixing height (also called mixing depth) is the
height above ground level through which rela-
tively vigorous vertical mixing occurs.   Low
mixing heights mean that the air is generally
stagnant with very little vertical motion; pollut-
ants usually are trapped near the ground surface.
High mixing heights allow vertical mixing
within a deep layer of the atmosphere and good
dispersion of pollutants.  As such, mixing
heights sometimes are used to estimate how far
smoke will rise.  The actual rise of a smoke
plume, however, considers complex interactions

between atmospheric stability, wind shear, heat
release rate of the fire, initial plume size, density
differences between the plume and ambient air,
and radiant heat loss.  Therefore, an estimate of
mixing height provides only an initial estimate
of plume height.

Mixing heights usually are lowest late at night
or early morning and highest during mid to late
afternoon.  This daily pattern often causes
smoke to be concentrated in basins and valleys
during the morning and dispersed aloft in the
afternoon.  Average morning mixing heights
range from 300 m (~980 ft) to over 900 m
(~2,900 ft) above ground level (Holzworth
1972).  The highest morning mixing heights
occur in coastal areas that are influenced by
moist marine air and cloudiness that inhibit
radiation cooling at night.  Average afternoon
mixing heights are typically higher than morn-
ing heights and vary from less than 600 m
(~2,000 ft) to over 1400 m (~4,600 ft) above
ground level.  The lowest afternoon mixing
heights occur during winter and along the
coasts.  Mixing heights vary considerably
between locations and from day to day.

Figure 7.6.  A smoke plume during unstable atmospheric conditions.
Photo by Roger Ottmar.
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Ferguson and others (2001) generated detailed
maps and statistics of mixing heights in the
United States.

Smoke plumes during the flaming stage of fires
often can penetrate through weak stable layers
or the top of mixed layers.  Once the plume
dynamics are lost, however, the atmosphere
retains control of how much mixing occurs.
Low-level smoke impacts increase once a
convective column collapses.

The depth of the mixed layer depends on com-
plex interactions between the ground surface
and the atmosphere in a region called the plan-
etary boundary layer (PBL).  As such, it is
difficult to measure exactly and there are many
ways in which it is calculated.  At times, it is
possible to estimate the mixing height by noting
the tops of cumulus clouds or the presence of an
upper-level inversion, which may appear as a
deck of strata-form clouds.

Typically, National Weather Service (NWS)
smoke management forecast products will
estimate the mixing height by the so-called
parcel method.  This method considers turbu-
lence related only to buoyancy.  When a parcel
is lifted adiabatically from the surface, the point
at which it intersects the ambient temperature
profile, or where it becomes cooler than its
surroundings, is the mixing height.   Usually the
maximum daily temperature is used as the
parcel’s starting temperature and its adiabatic
lapse rate is compared with the afternoon (0000
UTC) sounding profile.  Conversely, the mini-
mum daily temperature is used to compare with
the morning (1200 UTC) raob for calculating
morning mixing heights.  If an elevated inver-
sion (see next section) occurs before this height
is reached, the height of the inversion base
would determine the mixing height.  If a surface
inversion exists, then its top marks the mixing
height.  For example, the mixing height in figure

7.3 is at the top of the surface-based inversion at
about 750 mb (approximately 2,400 meters or
7,800 feet above ground level).

Instead of approximating a mixing depth,
physical calculations of the PBL are possible
through numerical meteorological models.
These calculations are more precise than the
parcel method because they consider turbulence
generated by wind shear as well as buoyancy.
Each prognostic model, however, may calculate
the PBL slightly differently as some functions
are approximated while others are explicitly
derived to enhance computational efficiency and
the vertical resolution, which varies between
models, affect PBL calculations.

Temperature Inversions

When the ambient temperature increases with
height, an inversion is said to be present.   It
usually marks a layer of strong stability.  When
a heated air parcel from the surface encounters
an inversion, it will stop rising because the
ambient air is warming faster than the expand-
ing parcel is cooling.  The parcel being cooler
than its surroundings will sink.  Although the
heat from some fires is enough to break through
a weak inversion, inversions often are referred to
as lids because of their effectiveness in stopping
rising air and trapping pollutants beneath it.
Smoke trapped under an inversion can substan-
tially increase concentrations of particles and
gases, aggravating respiratory problems and
reducing visibility at airports and along road-
ways.

There are three ways that surface-based inver-
sions typically form: (1) valley inversions are
very common in basins and valleys during clear
nights when radiation heat losses cause air near
the ground to rapidly cool: the cold surface air
flows from the surrounding slopes and collects
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in hollows and pockets, allowing warmer air to
remain aloft; (2) advective inversions are caused
by cold air moving into a region from a nearby
lake or ocean, usually during the afternoon when
onshore lake and sea breezes tend to form; and
(3) subsidence inversions can occur at any time
of day or night as cold air from high altitudes
subsides or sinks under a region of relatively
stagnant high pressure.  Valley inversions cause
tremendous problems when managing long-
duration fires that continue into the night.  Ad-
vective inversions can surprise smoke managers
who are unfamiliar with local lake- and sea-
breeze effects, creating poor dispersal conditions
in an afternoon when typically good dispersion is
expected.  Subsidence inversions are difficult to
predict even for a well-trained meteorologist.
Figure 7.7 shows smoke caught under a valley
inversion that is being transported by down-
valley winds in the early morning.

Surface inversions also occur in the gaps (passes
and gorges) of mountain ranges.  Approaching
storms usually have an associated center of low
pressure that causes a pressure gradient across
the range.  If cold air is on the opposite side of

the range, the gradient in pressure causes the
cold air to be drawn through the gap, creating an
inversion in the gap.  Gap inversions are most
common in winter but also are frequent during
spring and autumn.

In addition to surface-based inversions, tempera-
ture inversions also occur in layers of the atmo-
sphere that are above the ground surface, which
sometimes are called thermal belts.  Upper-level
inversions usually are associated with incoming
warm fronts that bring moisture and warmth to
high altitudes well ahead of a storm.  The
inversion lowers to the ground as the front
approaches.  Upper-level inversions also may be
associated with subsidence or surface-based
inversions that have been lifted, usually by
daytime heating.

Wind

Not only does smoke mix and disperse verti-
cally, the horizontal component of wind readily
transports and disperses pollutants.  The stron-

Figure 7.7.  A plume of smoke flowing out of a mountain valley with down-slope
winds during the early morning.  Photo by Roger Ottmar.
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ger the wind, the more scattered particles be-
come and the less concentrated they will be.
Strong winds at the surface, however, can
increase fire behavior and associated emission
rates.  Also, significant surface winds may “lay-
down” a plume, keeping smoke close to the
ground for long distances.

Friction with the ground causes winds to slow
down.  Therefore, wind speed usually increases
with height, causing a smoke column to gradu-
ally bend with height as it encounters increas-
ingly strong winds.  This pattern is complicated
in regions of complex terrain, however, and it is
common to find stronger surface winds in
mountain passes, saddles, and gorges as air is
squeezed and funneled through the gap.  Forest
clearings also allow surface winds to accelerate
because surface friction is lower in a clearing
than over a forest canopy.

Because smoke from different stages of a fire
rises to different levels of the atmosphere, it is
important to know wind speed and direction at
several different heights.  For example, smolder-
ing smoke at night responds to surface winds
while daytime smoldering and smoke from the
ignition and flaming phase of a fire will respond
to upper-level winds.  Depending on the buoy-
ancy of the smoke and stability of the atmo-
sphere, winds that influence the upper-level
smoke trajectories may be from just above a
forest canopy to 10,000 feet (about 3,000
meters) or more.  Because flaming heat can
create convective columns with strong vertical
motion, most smoke during the flaming portion
of a fire will be carried to at least the top of the
mixing height or an upper-level inversion height
before dispersing.  In this way, a fire hot enough
to pull itself into a single convection column can
reduce concentrations near the ground and
knowledge of winds at the top of the mixing

height or inversion level will determine smoke
trajectory and dispersion.   Smoldering smoke,
on the other hand, has very little forced convec-
tion so it often fumigates away from a fire as it
rises with daytime buoyancy.   Knowledge of
wind all the way from the surface to top of the
mixing height may be needed to determine
smoldering trajectories.

Storm Winds – Storms change the structure of
winds entirely.  Because storms often bring high
instability and good dispersion, it is common to
plan fires slightly ahead of an approaching
storm.  Knowing storm wind patterns can help
anticipate associated smoke impacts.  Figure 7.8
shows surface wind directions2 typically associ-
ated with a passing cyclonic storm.  Because air
flows from high pressure to low pressure (like
the rush of air from a punctured tire) and storms
usually have a center of low pressure at the
surface, surface winds ahead of a storm in the
northern hemisphere will be from the east or
southeast.  As the low center approaches, sur-
face winds will become southerly to southwest-
erly.  After the storm passes, surface winds may
become more westerly or northwesterly.  This
pattern can cause smoke to move toward the
west to northwest then north to northeast ahead
of a cyclonic storm, moving toward the east and
southeast following storm passage.

Each cyclonic storm usually contains at least
one front (a boundary between two different air
masses).  A typical storm has a warm front
aligned northwest to southeast ahead of the low
center, a cold front trailing northeast to south-
west near and closely behind the low, and an
occluded front (formed when a cold front
overtakes a warm front) to the north of the low.
Winds change direction most rapidly and be-
come gusty when fronts pass by.  Warm fronts
can bring increasing stability and cause upper-

2   Wind direction is the direction from which the wind is blowing.  For example, a west wind is coming from the west
and blowing toward the east.  If you face east, a west wind will hit your back.
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Figure 7.8.  Schematic of surface winds associated with a typical cyclonic storm in the Northern Hemisphere.
The letter, L, marks position of the surface low pressure center.  Thin lines represent isobars (constant pressure
contours that are labeled in millibars) at sea level.  The thick line marked with barbs represents a surface cold
front, marked with half-circles is a warm front, and marked with both is an occluded front.  East to southeast
surface winds are common ahead of a warm front, south to southwest winds are common ahead of a cold front,
and west to northwest winds are common following a cold front.

level inversions, while cold fronts usually are
associated with strong instability.  The stronger
the front, the more dramatic the wind shift and
the stronger the gusts.  Cold frontal passage
typically improves dispersion of smoke with
stronger winds and an unstable air mass that can
scour away existing inversions.  Smoke trajecto-
ries should be expected to change direction with
the passage of a storm front and storms can
cause significant changes in fire behavior and
resulting emission rates.  Storm fronts are not
always typical, however, and the number,
strength, and orientation of fronts are quite
variable.

Strong winds above the influence of the earth’s
surface experience forces associated with the
earth’s rotation in addition to pressure gradient
and other forces.  This causes winds in the upper

atmosphere to follow lines of constant pressure
instead of moving across lines of constant
pressure as surface or lower-speed winds do
when air flows from high pressure to low pres-
sure.  In the upper atmosphere the pressure
pattern of a typical storm is shaped like a trough
(figure 7.9).  As air follows the pressure con-
tours around the trough, southwesterly upper-
level winds occur ahead of the storm, becoming
westerly as the storm trough passes, and north-
westerly following the trough.   The upper-level
trough usually trails the surface low center in
most moving fronts, causing smoke trajectories
aloft to change directions sometime after trajec-
tories at the surface have changed following a
storm passage.

Thunderstorms, which are the result of strong
convection, create much different wind patterns
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than cyclonic storms.  Gusty, shifty winds are
common at times of strong convection.  Strong
down bursts of wind in a direction away from
the thunder cell may occur several minutes
ahead the storm, while winds around the cell
may be oriented towards it.  Although mixing
heights usually are quite high during thunder-
storms, allowing for well-lofted plumes, the
shifting wind directions and strong gusts can
cause variable and unpredictable smoke trajecto-
ries and fire behavior in close proximity to
thunderstorms.

Diurnal Winds – In the absence of storms,
diurnal wind patterns dominate trajectories of
smoke near the ground.  Diurnal patterns are

caused by differences between radiational
cooling at night and solar heating during the
day, and by different thermal properties of land
and sea surfaces that cause them to heat and
cool at different rates.  The differential heating
causes changes in surface pressure patterns that
control air movement.  Slope winds and sea and
lake breezes, all of which are common in wild-
land smoke management situations, typify
diurnal patterns.

Slope winds are caused by the same mecha-
nisms that cause valley and basin inversions.
When cold air from radiation cooling at night
drains into a valley or basin, it causes a
downslope wind.  The cold air, being denser

Figure 7.9.  Schematic of upper-level (700 mb) winds associated with a typical stormy trough pattern in the
Northern Hemisphere.  Thin lines represent pressure height contours that are labeled in tens of meters.  South
to southwest upper-level winds are common ahead of a 700 mb trough, westerly winds are common as the
trough passes, and northwesterly winds are common following an upper-level trough.
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than its surroundings, usually hugs the terrain in
such a way that smoke following a drainage
wind will follow contours of the terrain.  During
the day, heated air from the surface rises, caus-
ing upslope winds.  Because daytime heating
causes more turbulence than nighttime cooling,
the daytime winds do not follow terrain as
readily as nighttime winds, causing thermally-
induced upslope winds to be less noticeable than
downslope winds.

Downslope winds at night are notorious for
carrying smoke into towns and across roadways
(e.g., Achtemeier et al. 1988), especially where
roads and bridges cross stream channels or
when towns are located in valleys, basins, or
near outwash plains.  Downslope winds are
most likely to occur when skies are clear and
ambient winds are nearly calm.  The speed and
duration of a downslope wind is related to the
strength of its associated valley inversion.
Downslope winds usually begin around sunset
and persist until shortly before sunrise.

Sea and lake breezes usually occur during the
afternoon when land surfaces have had a chance
to heat sufficiently.  The heated air rises, as if
lifting the overlying column of air.  This causes
a region of low pressure at the surface.  Because
land heats more rapidly than water, the differen-
tial heating causes a pressure gradient to form.
Relatively cool air remaining over a lake or
ocean will flow into the low pressure formed
over heated land surfaces.   The sea or lake
breeze not only can change smoke trajectories
but the incoming cool air can cause surface
based inversions that will trap smoke at low
levels near the ground.  Also, strong sea breezes
can knock plumes down, causing increasing
smoke concentrations near the ground.

Terrain-Influenced Wind – Surface winds are
strongly influenced by small undulations in
terrain that channel, block, or accelerate air as it
tries to move around or over features.  For

example, if upper-level winds are oriented
perpendicular to a terrain barrier, surface winds
on the lee side of the barrier often are light and
variable.  Upper-level winds oriented in the
same direction as a valley will enhance upvalley
or downvalley winds.  Cross-valley winds will
be 90° different than those in the valley itself.

The combination of wind and atmospheric
stability determine whether smoke will collect
on the windward side of a terrain barrier, move
up, over and away, or traverse the barrier only to
accumulate on the leeward side.  Weak winds
and a stable atmosphere will enhance blocking
and windward accumulations of smoke.  Stron-
ger winds in a stable atmosphere may allow
accumulations of smoke in leeward valleys and
basins.  An unstable atmosphere allows smoke
to be lifted over and above the terrain.  The
height, steepness, and orientation of the terrain
to the wind direction determine how strong the
wind or unstable the atmosphere must be to
influence smoke trajectories.

Often very small-scale undulations in topogra-
phy can affect smoke trajectories, especially at
night when atmospheric stability keeps smoke
close to the ground.  Gentle saddles in ridges
may offer outflow of smoke from a valley.
Small streambeds can collect and transport
significant amounts of smoke even with only
shallow or weak downslope winds.  A simple
band of trees or brush may provide enough
barrier to block or deflect smoke.  As the urban-
wildland interface becomes increasingly com-
plex, the role of subtle topographic influences
becomes increasingly important.

Higher in the atmosphere, away from the earth’s
surface, topography plays a decreasing role in
controlling wind speed and direction.  Upper-
level winds above the influence of underlying
terrain are referred to as “free-air” winds and
tend to change slowly from one place to another,
except around fronts and thunderstorms.
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The Role of Inversions on Wind – Tempera-
ture inversions significantly influence wind
direction and speed.  Under many inversions
there is little or no transport wind and smoke
tends to smear out in all directions.  Some
inversions, such as advected inversions that are
associated with sea breezes and valley inver-
sions, may have significant surface wind but it
usually is in a different direction to winds aloft.
In these cases, surface smoke may be trans-
ported rapidly under the inversion in one direc-
tion while lofted smoke may be transported in
an opposite direction.

Wind Observations – Because surface winds
are strongly influenced by small undulations in
terrain, vegetation cover, and proximity to
obstacles and water bodies, it is important to
know where a surface wind observation is taken
in relation to the burn site.  For example, obser-
vations from a bare slope near the ridgeline will
give a poor indication of winds affecting surface
smoke trajectories if most of the burn area is on
a forested slope or in a valley, even if the two
sites are very close.  Also, if a burn site is in an
east-west oriented valley and the nearest obser-
vation is in a north-south oriented valley, ob-
served winds can be 90° different from those
influencing the fire and its related smoke.
Sometimes, a nearby Remote Automated
Weather Station (RAWS) will be less represen-
tative of burn-site conditions than one that is
farther away if the distant station is in a location
that better matches terrain effects expected at
the burn site.

There are four principle sources of surface wind
data: (1) on-site measurements with a portable
RAWS or hand-held anemometer, (2) observa-
tions that estimate winds using the Beaufort

wind scale3 or wind sock,4 (3) local measure-
ments with a standard RAWS, and (4) measure-
ments from NWS observing stations.   Because
stations vary in their surroundings, from small
clearings on forested slopes to open fields, and
different types of anemometers are used that are
mounted at different heights, wind data is very
difficult to compare between one site and
another.  Therefore, it is useful to become
familiar with measurements and observations
from reliable sites and understand local effects
that make data from that site unique.  Also,
smoke near the ground can be transported by
winds that are too light to spin the cups or
propeller of an anemometer or turn its tail.
Frequently light and variable wind measure-
ments actually are responding to very light
winds that have a preferred direction, often
influenced by surrounding topography or land
use.

Because free-air winds are above the influence
of topography, often it is possible to use an
upper-level observation from some point well
away from the burn site to estimate upper-level
smoke trajectories.  Also, surface RAWS that
are mounted on the tops of ridges or mountains
may compare well with free-air winds at a
similar elevation.  If clouds are in the area,
upper-level winds can be estimated by their
movement relative to the ground.  High clouds
look fibrous or bright white.  Because the base
of high clouds ranges between 5 km and 13 km
(about 16,000 to 45,000 feet) their movement
can indicate wind at those high levels.  Mid-
level clouds may have shades of gray or bulbous
edges with bases ranging from 2 km to 7 km
(about 6,6000 to 24,000 feet).  Mid-level clouds
often have a strata-form or layered appearance,
which may indicate the presence of an inversion.

3   The Beaufort wind scale estimates wind speed using observations of wind-effects in the landscape.  For example,
wind speeds of 1.6 to 3.3 m/s (4 to 7 mph) will cause leaves to rustle slightly.  If leaves move around vigorously then the
wind speed is approximately 3.4 to 5.4 m/s (8 to 12 mph).

4   Wind socks continue to be used at airports and are useful if trying to monitor winds on a nearby ridge that is
visible.
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Therefore, movement of these types of clouds
may closely approximate steering winds for a
rising smoke plume.

In addition to observations, it is becoming
increasingly common to have available the
output from wind models.  These data do not
provide the detail of a point observation the way
an individual site measurement does, but they do
provide a broad view of wind patterns over the
landscape.  Standard analyses from the NWS
use models to interpolate between observations.
These products help illustrate upper-level wind
patterns and typically are available for 850 mb,
700 mb, and 500 mb heights, either from a state,
federal, or private meteorological service, or a
variety of Internet sites.  For surface winds,
standard NWS analyses are helpful in regions of
flat or gently rolling terrain but mesoscale
meteorological models typically are needed to
resolve surface wind fields in regions of com-
plex topography.  Several regions throughout the
country are beginning to employ mesoscale
models (e.g.,  MM5, RAMS, and MASS)
producing wind maps with less than 15 km
horizontal spacing.  Local universities, research
labs, state offices, and consortia of local, state,
and federal agencies have undertaken mesoscale
modeling efforts.  Output usually can be found
on a local Internet site through the NWS fore-
cast office, a fire weather office, university, state
regulator, EPA office, or regional smoke man-
ager.   Also, many smoke dispersion models
have built-in wind models to generate surface
winds at very fine spatial resolutions (less than 5
km grid spacings) from inputs of surface and
upper-air observations or data from coarser
meteorological models.  Smoke dispersion
models and their related wind models may be
available through a regional smoke manager or
EPA office (see Chapter 9—Smoke Dispersion
Prediction Systems).

Atmospheric Moisture

Because water vapor in the atmosphere reduces
visibility, if smoke is added to an already humid
environment, visibility can be severely de-
graded.  Also, if the air is saturated with water
vapor, particles from smoke may act as conden-
sation nuclei causing water droplets to form.
This promotes the formation of clouds or fog,
which further degrades visibility.  Often a
deadly combination occurs during the darkness
of night as smoldering smoke drains down-
valley to encounter high humidities from con-
densing cold air under a valley inversion.  The
effect can be fatal, especially along transporta-
tion corridors (Achtemeier and others 1998).

Favorable conditions for fog occur when the
dew point temperature is within a few degrees of
the dry bulb temperature, wind is less than a few
meters per second, and there is a high content of
moisture in the soil.  Fog is most common at
night when temperatures often drop to near the
dew point value and winds are most likely to be
weak.  Common places for fog to form are over
lakes and streams and in the vicinity of bogs and
marshes.

There are times when atmospheric moisture can
improve visibility, however.   Smoke particles
can adhere to rain droplets, causing them to be
carried with the rain as it falls.   This  “scaveng-
ing” effect removes smoke particles out of the
atmosphere, reducing smoke concentrations and
improving visibility.

Weather Forecasts

Weather forecasts typically are produced twice
each day and become available within 3 to 6
hours after 0000 UTC and 1200 UTC observa-
tions are complete.  This is because prognostic
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models require input data from the 0000 UTC
and 1200 UTC upper-air observations and a few
hours of run-time on a super computer.  Prog-
nostic models (progs) form the basis of most
forecast products.  For example, the first fore-
cast of the day should be available by 7 am to 10
am local daylight time from Anchorage and by
10 am to 1 pm local standard time from Miami.
Earlier forecasts or forecasts updated throughout
the day are possible if the most recently avail-
able upper-air observations and prognostic
model outputs are combined with updated
surface observations.  While public forecasts
issued by the NWS and the media are useful,
they typically lack the detail needed for smoke
management.  For this reason, spot-weather
forecasts may be requested from state, federal,
or private weather services that provide predic-
tions of critical variables that influence smoke at
specified times and locations.

Even though there are increasing numbers of
numerical guidance tools, weather forecasting
still is an art, especially in places with few
observations or where there are complex local
interactions with terrain, water bodies, and
vegetation cover.  The primary source of smoke
weather forecasts remains the National Weather
Service.  Their rigorous training, fire weather
program, and state-of-the art equipment and
analysis tools help maintain a unique expertise.
Most NWS fire weather forecast offices now
issue special dispersion and transport forecasts.
In addition to NWS forecasters, many states
maintain a smoke management program with
highly skilled meteorologists.  Also, the number
of inter-agency fire weather offices and private
meteorological services is growing and can
provide reliable forecast products specifically
designed for smoke management.  Whatever the
source of a forecast, it is helpful to combine the
forecast with your own general understanding of
weather conditions by reviewing the many
satellite pictures, current observation summa-

ries, and prognostic model output products now
available on the World Wide Web.  In this way,
apparent trends and local influences can be
determined and the need for last minute changes
can be recognized more quickly.  For example,
increasing afternoon cloudiness in the forecast
may have indicated an approaching storm that
was predicted for the following morning. If
clouds do not increase when predicted, however,
it could be suspected that the storm has been
delayed or it was diverted elsewhere.  A check
with the forecaster or updated satellite picture
may confirm the suspicion and the management
plan may be altered.

Because the atmosphere behaves chaotically, the
accuracy of a weather forecast improves as time
to an event shortens.  For example, it is possible
to provide an indication of storminess within 30
to 90 days.  A storm passage, however, may not
be predicted until about 14 days in advance with
about 2 days accuracy.  Within 5 days, 1-day
accuracy on storm passage may be possible.
Increasing accuracy should be expected within
48 hours and the timing of storm passage within
1/2 hour may be possible with 12 hours advance
notice.  Spot weather forecasts usually are
available 24 to 48 hours in advance of a sched-
uled burn.  This allows a smoke manager to
anticipate a potential burning window well in
advance.  Specific timing, however, should not
be made before 2 days in advance if the situa-
tion is highly dependent on an accurate weather
forecast.

Our increasing knowledge of air-sea interactions
is making it possible to predict some aspects of
weather up to a year in advance as certain
regions of the country respond to the El Niño
Southern Oscillation (ENSO).  Precipitation and
temperature during winter and spring are most
strongly related to ENSO.  Relating key factors
for smoke management such as wind and mix-
ing height or stability is more difficult, espe-
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cially during summer.  Nevertheless, an ENSO-
based seasonal prediction gives prescribed
burners an idea of general weather conditions to
be expected, thereby helping prioritize sched-
uled burns and decide if marginal days or
weekends early in the burning season should be
used or whether a more optimum season will
ensue.

Climate

Climate simply describes the prevailing weather
of an area.  Understanding climate patterns can
help develop long-range smoke management
plans or adapt short-range plans.  For example,
afternoon mixing heights in most coastal regions
of the United States are typically lower than the
interior because moist, marine air is relatively
stable.  This means that there may be fewer days
with optimum dispersion along the coast than
interior.  It usually is windier along the coast,
however, and burns might be scheduled in the
early morning if offshore breezes are desired to
reduce smoke impacts on cities and towns.

It is possible to infer climate just by local
proximity to oceans, lakes, rivers, and moun-
tains.  Also, vegetation cover can give an indica-
tion of climate.  Desert landscapes, with a lot of
bare soil or sand, heat and cool rapidly, causing
them typically to have high daytime mixing
heights and very low nighttime mixing heights.
Natural landscapes of lush green forests tend to
absorb sunlight while transpiring moisture, both
of which help to modify heating and cooling of
the ground surface.  This can reduce daytime
mixing heights and keep nighttime heights
relatively high, with respect to deserts.  Also, the
structural deformation of trees often indicates
high winds, where the direction of branches or
flagging point away from prevailing wind
directions.

Quantitative summaries of climate can be
obtained from the state climatologist or Re-
gional Climate Center (RCC), many of whom
also maintain informative Internet sites and can
be reached through the National Climatic Data
Center (NCDC) <www.ncdc.noaa.gov>.  It is
most common to find temperature and precipita-
tion in climate summaries.  Monthly or annual
averages or extremes are readily available while
climate summaries of daily data are just begin-
ning to emerge.  For example, a recently gener-
ated climate database by Ferguson and others
(2001) provides information on twice-daily
variations in surface wind, mixing height, and
ventilation index over a 30-year period.

We know that there are year-to-year variations
in climate (e.g., ENSO) so at least 10 years of
weather data are needed to obtain a preliminary
view of climate in a particular area.  There also
are natural, “decadal” patterns in climate that
last from 7 to 20 years.  Therefore, it is appro-
priate to acquire 30 to 50 years of weather
observation data for any reliable climate sum-
mary.

Summary

Managing smoke in ways that prevent serious
impact to sensitive areas from single burns or
multiple burns occurring simultaneously re-
quires knowledge of the weather conditions that
will affect smoke emissions, trajectories, and
dispersion.  Not only is it necessary to anticipate
the weather ahead of time through the use of
climatology and forecasts, but it also is useful to
monitor conditions prior to and during the burn
with regional, local, and on-site observations.
On-site observations are helpful because air
movement, and therefore smoke movement, is
influenced by small variations in terrain and
vegetation cover, and proximity to lakes and

Page 299 of 644



Chapter 7 – Smoke Management Meteorology 2001 Smoke Management Guide

– 138 –

oceans, which off-site observations usually
cannot capture.  Also, forecasts are not always
accurate and last-minute changes in a burn or
smoke management plan may be needed.  To
gain more insight into the physical process of
weather in wildland areas and its effect on
biomass fires, refer to the Fire Weather hand-
book (Schroeder and Buck 1970).

In using weather observations, forecasts, and
climate summaries effectively for smoke man-
agement there are 3 general guidelines; (1)
become familiar with local terrain features that
influence weather patterns, (2) develop a dia-
logue with a reliable local weather forecaster,
and (3) ask for and use climate summaries of
wind and mixing height.  By combining your
knowledge of local weather effects, trust and
communication with an experienced forecaster,
and understanding of climate patterns, it is
possible to fine-tune or update forecasts to meet
your specific smoke management needs.
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Introduction

A land manager’s decision to use a specific
burning technique is influenced by many con-
siderations, only one of which is a goal to
reduce smoke emissions.  Other important
considerations include ensuring public and
firefighter safety, maintaining control of the fire
and keeping it within a given perimeter, comply-
ing with numerous environmental regulations,
minimizing nuisance and hazard smoke, mini-
mizing operational costs, and maximizing the
likelihood of achieving the land management
objective of the burn.  Often these other consid-
erations preclude the use of techniques that
reduce emissions.  In some cases, however,
smoke emission reductions are of great impor-
tance and are achieved by compromising other
goals.  Emission reduction techniques vary
widely in their applicability and effectiveness by
vegetation type, burning objective, region of the
country, and whether fuels are natural or activ-
ity-generated.

Emission reduction techniques (or best available
control measures–BACM) are not without
potential negatives and must be prescribed and
used with careful professional judgment and full

awareness of possible tradeoffs.  Fire behavior is
directly related to both fire effects and fire
emissions.  Emission reduction techniques alter
fire behavior and fire effects and can impair or
prevent accomplishment of land management
objectives.  In addition, emission reduction
techniques do not necessarily reduce smoke
impacts and some may, under certain circum-
stances, actually increase the likelihood that
smoke will impact the public.  Emission reduc-
tion techniques can cause negative effects on
other valuable resources such as through soil
compaction, loss of nutrients, impaired water
quality, and increased tree mortality; or they
may be dangerous or expensive to implement.

Land managers are concerned about the repeated
application of any resource treatment technique
that does not replicate the ecological role that
fire plays in the environment.  Such applications
may result in unintended resource damage,
which may only be known far in the future.
Some examples of resource damage that could
occur from the use of emission reduction tech-
niques include the loss of nutrients to the soil if
too much woody debris is removed from the
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site, or the effects of soil compaction associated
with mechanical processing (chipping, shred-
ding, or yarding) of fuels.  The application of
herbicides and other chemicals and/or the
effects on soils of the intense heat achieved
during mass ignition are also of concern.  These
issues are difficult to quantify but are of univer-
sal importance to land managers, who must
weigh the impact of their decisions on long-term
ecosystem productivity.

Multiple resource values must be weighted
along with air quality benefits before emission
reduction techniques are prescribed.  Flexibility
is key to appropriate application of emission
reduction techniques and use of particular
techniques should be decided on a case-by-case
basis.  Emission reduction goals may be targeted
but the appropriate mix of emission reduction
techniques to achieve those goals will require a
careful analysis of the short and long term
ecological and social costs and benefits.  Air
quality managers and land managers should
work together to better understand the effective-
ness, options, difficulties, applicability, and
tradeoffs of emission reduction techniques.

There are two general approaches to managing
the effects of wildland fire smoke on air quality:

1. Use techniques that reduce the emissions
produced for a given area treated.

2. Redistribute the emissions through meteo-
rological scheduling and by sharing the
airshed.

Although each method can be discussed inde-
pendently, fire practitioners often choose light-
ing and fuels manipulation techniques that
complement, or are consistent with, meteoro-
logical scheduling for maximum smoke disper-
sion and favorable plume transport.

Meteorological scheduling is often the most
effective way to prevent direct smoke impacts to
the public and some emission reduction tech-
niques may actually increase the likelihood of
smoke impacts by decreasing the energy in the
plume resulting in more smoke close to the
ground.  A few of the potential negative conse-
quences of specific emission reduction tech-
niques are mentioned in this chapter although
this topic is not addressed comprehensively.

Use of Smoke
Management Techniques

Much of the information presented in this
chapter was gathered from fire practitioners at
three national workshops held during the fall of
1999.  Practitioners were asked to describe how
(or if) they apply emission reduction techniques
in the field, how frequently these methods are
used, how effective they are, and what con-
straints limit their wider use.  The information
gained at each of the workshops was then
synthesized into a draft report that was distrib-
uted to the participants for further review and
comment.  Twenty-nine emission reduction and
emission redistribution methods within seven
major classifications were identified as currently
in use to reduce emissions and impacts from
prescribed burning.

The emission reduction methods described in
this document may be used independently or in
combination with other methods on any given
burn.  In addition, a number of different firing
methods potentially can be applied to any given
parcel of land depending on the objectives and
judgments made by the fire manager.  As a
result, no two burns are the same in terms of
pollutant emissions, smoke impacts, fuel con-
sumption, or other parameters.
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Significant changes in public land management
have occurred since EPA’s release of the first
document describing best available control
measures (BACM) for prescribed burning (EPA
1992).  Some of these changes have dramati-
cally impacted when and how emission reduc-
tion methods for prescribed fire can be applied.
On federally managed lands, the following
constraints apply to many of the emission
reduction techniques:  National Environmental
Policy Act (NEPA), Threatened and Endangered
Species (T&E) considerations, water quality and
impacts on riparian areas, administrative con-
straints imposed by Congress (eg, roadless and
wilderness area designations), impacts on
archaeological resources, smoke management
program requirements, and other state environ-
mental or forestry regulations.

The following emission reduction and emission
redistribution techniques are a comprehensive
compilation of the current state of the knowl-
edge.  Any one of these may or may not be
applicable in a given situation depending upon
specifics of the fire use objectives, project
locations, time and cost constraints, weather and
fuel conditions, and public and firefighter safety
considerations.

Reducing the Amount
of Emissions

Emissions from wildland fire are complex and
contain many pollutants and toxic compounds.
Emission factors for over 25 compounds have
been identified and described in the literature
(Ward and Hardy 1991; Ward and others 1993).
A simplifying finding from this research is that

all pollutants except nitrous oxide (NO
x
) are

negatively correlated with combustion effi-
ciency, so actions that reduce one pollutant
results in the reduction of all (expect NOx).
Nitrous oxide and CO

2
 (not considered a pollut-

ant) can increase if the emission reduction
technique increases combustion efficiency.

Emission reduction techniques may reduce
emissions from a given prescribed burn area by
as much as about 60 percent to as little as
virtually zero1.  Considering all burning nation-
ally, if emission reduction techniques were
optimally used, emissions could probably be
reduced by approximately 20-25 percent assum-
ing all other factors (vegetation types, acres,
etc.) were held constant and land management
goals were still met1.  Individual states or re-
gions may be able to achieve greater emission
reductions than this or much less depending on
the state’s or region’s biological decomposition
capability or ability to utilize available biomass.

In the context of air quality regulatory pro-
grams, current or future emissions are typically
measured against those that occurred during a
baseline period (annual, 24-hour, and seasonal)
to determine if reductions have or will occur in
the future.  Within this framework, land manag-
ers need to know their baseline emissions to
determine the degree of emission reduction that
a method described here will provide in order to
conform to a State Implementation Plan, State
Smoke Management Program, or local nuisance
standards.

Because of all these variables, wildland fire
emission models such as the First Order Fire
Effects Model (FOFEM) (Reinhardt and others
1997), Consume 2.1 (Ottmar and others [in

___________________________________

1  Peterson, J. and B. Leenhouts. 1997.  What wildland fire conditions minimize emissions and hazardous air pollut-
ants and can land management goals still be met? An unpublished technical support document to the EPA Interim Air
Quality Policy on Wildland and Prescribed Fires.  August 15, 1997.  (Available from the authors or online at http://
www.epa.gov/ttncaaa1/faca/pbdirs/emissi.pdf
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preparation]), and Emissions Production Model
(EPM) (Sandberg and Peterson 1984) can be
used to estimate particulate, gaseous and haz-
ardous pollutant emissions based on the specif-
ics of each burn.  There are seven general
categories that encompass all of the techniques
described in this document.  Each is described
below.

1.  Reduce the Area Burned

Perhaps the most obvious method to reduce
wildland fire emissions is to reduce the area
burned.  Area burned can be reduced by not
burning at all or by burning a subset of the area
within a designated perimeter.  Caution must be
applied though, and programs to reduce the area
burned must not ultimately result in just a delay
in the release of emissions either through pre-
scribed burning at a later date or as the result of
a wildland fire.  Reducing the area burned
should be accomplished by methods that truly
result in reduced emissions over time rather than
a deferral of emissions to some future date.

This technique can have detrimental effects on
ecosystem function in fire-adapted vegetation
community types and is least applicable when
fire is needed for ecosystem or habitat manage-
ment, or forest health enhancement.  In some
areas and some vegetation types, when fire is
used to eliminate an undesirable species or
dispose of biomass waste, alternative methods
can be used to accomplish effects similar to
what burning would accomplish.  Examples of
specific techniques include:

• Burn Concentrations.  Sometimes con-
centrations of fuels can be burned rather
than using fire on 100 percent of an area
requiring treatment.  The fuel loading of
the areas burned using this technique tend
to be high. The total area burned under
these circumstances can be very difficult
to quantify.

• Isolate fuels.  Large logs, snags, deep
pockets of duff, sawdust piles, squirrel
middens, or other fuel concentrations that
have the potential to smolder for long
periods of time can be isolated from
burning.  This can be accomplished by
several techniques including: 1) construct-
ing a fireline around the fuels of concern;
2) not lighting individual or concentrated
fuels; 3) using natural barriers or snow;  4)
scattering the fuels; and 5) spraying with
foam or other fire retardant material.
Eliminating these fuels from burning is
often faster, safer, and less costly than
mop-up, and allows targeted fuels to
remain following the prescribed burn.

• Mosaic burning.  Landscapes often
contain a variety of fuel types that are non-
continuous and vary in fuel moisture
content.  Prescribed fire prescriptions and
lighting patterns can be assigned to use
this fuel and fuel moisture non-homogene-
ity to mimic a natural wildfire and create
patches of burned and non-burned areas or
burn only selected fuels.  Areas or fuels
that do not burn do not contribute to
emissions.  For example, an area may be
continuously ignited during a prescribed
fire but because the fuels are not continu-
ous, patches within the unit perimeter may
not ignite and burn (figure 8.1).  Depres-
sional wetlands, swamps, and hardwood
stringers can be excluded by burning when
soil moisture is abundant.  Furthermore, if
the burn prescription calls for low humid-
ity and high live fuel moisture, continuous
burning in the dead fuels may occur while
the live fuels exceed the moisture of
extinction.  In both cases, the unburned
live fuels may be available for future
burning in a prescribed or wildland fire
during droughts or dormant seasons.
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2.  Reduce Fuel Load.

Some or all of the fuel can be permanently
removed from the site, biologically decom-
posed, and/or prevented from being produced.
Overall emissions can be reduced when fuel is
permanently excluded from burning.

• Mechanical removal.  Mechanically
removing fuels from a site reduces emis-
sions proportionally to the amount of fuel
removed.  This is a broad category and can
include such techniques as mechanical
removal of logging debris from clearcuts,
onsite chipping of woody material and/or
brush for offsite utilization, and mechani-
cal removal of fuels which may or may not
be followed by offsite burning in a more
controlled environment.  Sometimes
mechanical treatments (such as whole-tree
harvesting or yarding of unmerchantable
material [YUM]) may result in sufficient
treatment so that burning is not needed.
Mechanical treatments are applicable on
lands where this activity is allowable (i.e.,
non-wilderness, etc.), supported by an
access road network, and where there is an
economic market for disposal of the
removed fuel.  This technique is most
effective in forest fuel types and has some
limited applicability in shrub and grass
fuel types.  A portion of the emission
reduction gains from this technique may
be offset by increased fossil fuel and
particulate emissions from equipment used
for harvest, transportation, and disposal
operations.  Mechanical treatments may
cause undue soil disturbance or compac-
tion, stimulate alien plant invasion, remove
natural nutrient sources, or impair water
quality.

• Mechanical processing. Mechanical
processing of dead and live vegetation into

wood chips or shredded biomass is effec-
tive in reducing emissions if the material is
removed from the site or biologically
decomposed (figure 8.2).  If the biomass is
spread across the ground as additional
litter fuels, emission reductions are not
achieved if the litter is consumed either in
a prescribed or wildland fire.  Use of this
technique may eliminate the need to burn.

• Firewood sales.  Firewood sales may
result in sufficient removal of woody
debris making onsite burning unnecessary.
This technique is particularly effective for
piled material where the public has easy
access.  This technique is generally appli-
cable in forest types with large diameter,
woody biomass.  The emissions from
wildland fuels when burned for residential
heating are not assessed as wildland fire
emissions but as residential heating emis-
sions.  The impact of these emissions on
the human environment is not attributed to
wildland fire in the national or state
emissions inventories.

• Biomass for electrical generation.
Woody biomass can also be removed and
used to provide electricity in regions with
cogeneration facilities.  Combustion
efficiency in electricity production is
greater than open burning and emissions
from biomass fuel used offset fossil fuel
emissions.  Although this method of
reducing fuel loading is cost-effective
where there is a market for wood chips,
there are significant administrative, logisti-
cal, and legal barriers that limit its use.

• Biomass utilization.  Woody material can
be used for many miscellaneous purposes
including pulp for paper, methanol produc-
tion, wood pellets, garden bedding, and
specialty forest products.  Demand for
these products varies widely from place to
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Figure 8.1.  Mosaic burning creates patches of burned and unburned areas
resulting in reduced emissions.

Figure 8.2.  Mechanical processing of biomass.
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place and year to year.  Biomass utilization
is most  applicable in forest and shrub
types that include large diameter woody
biomass and where fuel density and
accessibility makes biomass utilization
economically viable.

• Ungulates.    Grazing and browsing live
grassy or brushy fuels by sheep, cattle, or
goats can reduce fuels prior to burning or
reduce the burn frequency.  Goats will
sometimes consume even small, dead
woody biomass.  However, ungulates are
selective, favoring some plants over others.
The cumulative effect of this selectivity
can significantly change plant species
composition and long-term ecological
processes on an area, eventually convert-
ing grass dominated areas to brush.  On
moderate to steep slopes, high populations
of ungulates contribute to increased soil
erosion.

3.  Reduce Fuel Production.

Management techniques can be used to shift
species composition to vegetation types that
produce less biomass per acre per year, or
produce biomass that is less likely to burn or
burns more efficiently with less smoke.

• Chemical treatments.  Broad spectrum
and selective herbicides can be used to
reduce or remove live vegetation, or alter
species diversity respectively.  This often
reduces or eliminates the need to use fire.
Chemical production and application have
their own emissions, environmental, and
public relations problems.  A NEPA
(National Environmental Policy Act)
analysis is generally required prior to any
chemical use on public lands and states
often require similar analyses prior to
chemical use on state or private lands.

• Site conversion.  Natural site productivity
can be decreased by changing the vegeta-
tion composition.  For example, frequent
ground fires in southern pine forests will
convert an understory of flammable shrubs
(such as palmetto and gallberry) to open
woodlands with less total fuel but also
with more grass and herbs.  Grass and
herbs tend to burn cleaner than shrubs.
Total fuel loading can also be reduced
through conversion to species that are less
productive.

• Land use change.  Changing wildlands to
another land use category may result in
elimination of the need to burn.  Conver-
sion of a wildland site to agriculture or an
urbanized use significantly alters the
ecological structure and function and
presents numerous legal and philisophical
issues.  This alternative is probably not an
option on Federally managed lands.

4.  Reduce Fuel Consumed.

Emission reductions can be achieved when
significant amounts of fuel are at or above the
moisture of extinction, and therefore unavailable
for combustion.  Burning when fuels are wet
may leave significant amounts of fuel in the
treated area only to be burned in the future.
This may not result in a real reduction in emis-
sions then, but rather a delay of emissions to a
later date.  Real emission reductions are
achieved only if the fuels left behind will bio-
logically decompose or be otherwise seques-
tered at a time of subsequent burning.  Even
though wet fuels burn less efficiently
and produce greater emissions relative to the
amount of fuel consumed, emissions from a
given event are significantly reduced because so
much less fuel is consumed.
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In the appropriate fuel types, the ability to target
and burn only the fuels necessary to meet
management objectives is one of the most
effective methods of reducing emissions.  When
the objective of burning is to reduce wildfire
hazard, removal of fine and intermediate diam-
eter fuels may be sufficient.  The opportunity to
limit large fuel and organic layer consumption
can significantly reduce emissions.

• High moisture in large woody fuels.
Burning when large-diameter woody fuels
(3+ inches in diameter or greater) are wet
can result in lower fuel consumption and
less smoldering.  When large fuels are wet
they will not sustain combustion on their
own and are extinguished by their own
internal moisture once the small twigs and
branch-wood in the area finish burning
(figure 8.3).  The large logs therefore
consume less in total, they do not smolder
as much, and they do not cause as much of
the organic layer on the forest floor to
burn.  This can be a very effective tech-
nique for reducing total emissions from a

prescribed burn area and can have second-
ary benefits by leaving more large-woody
debris in place for nutrient cycling.  This
technique can be effective in natural and
activity fuels in forest types.  When large
fuel consumption is needed, burning under
high moisture conditions is not a viable
alternative.

• Moist litter and/or duff.  The organic
layer that forms from decayed and par-
tially decayed material on the forest floor
often burns during the inefficient smolder-
ing phase.  Consequently, reducing the
consumption of this material can be very
effective at reducing emissions.  Con-
sumption of this litter and/or duff layer can
be greatly reduced if the material is quite
moist.  The surface fuels can be burned
and the organic layer left virtually intact.
The appropriate conditions for use of this
technique generally occurs within a few
days of a soaking rain or shortly after
snowmelt.  This technique is most effec-
tive in non-fire adapted forest and brush
types.  This technique may not be appro-
priate in areas where removal of the
organic layer is desired.  Burning litter
and/or duff to expose mineral soil is often
necessary in fire adapted ecosystems for
plant regeneration.

• Burn before precipitation.  Scheduling a
prescribed fire before a precipitation event
will often limit the consumption of large
woody material, snags, stumps, and or-
ganic ground matter, thus reducing the
potential for a long smoldering period and
reducing the fire average emission factor.
Sucessful application of this procedure
depends on accurate meteorological
forecasts for the area.

Figure 8.3.  Burning when large fuel moisture is high
can result in less total fuel consumption.
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• Burn before large fuels cure.  Living
trees contain very high internal fuel mois-
tures, which take a number of months to
dry after harvest.  If an area can be burned
within 3-4 drying months of timber har-
vest, many of the large fuels will still
contain a significant amount of live fuel
moisture.  This technique is generally
restricted to activity-generated fuels in
forest-types.

5.  Schedule Burning Before New Fuels
     Appear.

Burning can sometimes be scheduled for times
of the year before new fuels appear.  This may
interfere with land management goals if burning
is forced into seasons and moisture conditions
where increased mortality of desirable species
can result.

• Burn before litter fall.  When decidous
trees and shrubs drop their leaves this
ground litter contributes extra volume to
the fuel bed.  If burning takes place prior
to litter fall there is less available fuel and
therefore less fuel consumed and fewer
emissions.

• Burn before green-up.  Burning in cover
types with a grass and/or herbaceous
fuelbed component can produce fewer
emissions if burning takes place before
these fuels green-up for the year.  Less fuel
is available therefore fewer emissions are
produced.

6.  Increase Combustion Efficiency.

Increasing combustion efficiency, or shifting the
majority of consumption away from the smol-
dering phase and into the more efficient flaming
phase, reduces emissions.

• Burn piles or windrows.  Fuels concen-
trated into clean and dry piles or windrows
generate greater heat and burn more
efficiently (figure 8.4).  A greater amount
of the consumption occurs in the flaming
phase and the emission factor is lower.
This technique is primarily effective in
forest fuel types but may have some
applicability in brush types also.  Concen-
trating fuels into piles or windrows gener-
ally requires the use of heavy equipment,
which can negatively impact soils and
water quality.  Piles and windrows also
cause temperature extremes in the soils
directly underneath and can result in areas
of soil sterilization.  If fuels in piles or
windrows are wet or mixed with dirt,
extended smoldering of the debris can
result in residual smoke problems.

• Backing fires.  Flaming combustion is
cleaner than smoldering combustion.  A
backing fire takes advantage of this rela-
tionship by causing more fuel consump-
tion to take place in the flaming phase than

Figure 8.4.  Fuels burned in dry, clean piles burn
more efficiently and generate less emissions
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would occur if a heading fire were used
(figure 8.5).  In applicable vegetation types
where fuels are continuous and dry, the
flaming front backs more slowly through
the fuelbed and by the time it passes, most
available fuel is consumed so the fire
quickly dies out with very little smolder-
ing.  In a heading fire, the flaming front
passes quickly and the ignited fuels con-
tinue to smolder until consumed.  The
opportunity to use backing fires is not
always an option and often increase
operational costs.

• Dry conditions.  Burning under dry
conditions increases combustion efficiency
and less emissions may be produced.
However, dryer conditions makes fuel that
was not available to burn (at or above the
moisture of extinction) available to burn.
The emissions from additional fuel burned
generally more than offsets emission
reduction advantages gained by greater
combustion efficiency.  This technique is
effective only if all fuels will consume
under either wet or dry conditions.

• Rapid mop-up.  Rapidly extinguishing a
fire can reduce fuel consumption and
smoldering emissions somewhat although
this technique is not particularly effective
at reducing total emissions and can be very
costly (figure 8.6).  Rapid mop-up prima-
rily effects smoldering consumption of
large-woody fuels, stumps, snags, and
duff.  Rapid mop-up is more effective as
an avoidance technique by reducing
residual emissions that tend to get caught
in drainage flows and end up in smoke
sensitive areas.

• Aerial ignition / mass ignition.  “Mass”
ignition can occur through a combination
of dry fine-fuels and very rapid ignition,
which can be achieved through a technique
such as a helitorch (figure 8.7).  Mass
ignition can shorten the duration of the
smoldering phase of a fire and reduce the
total amount of fuel consumed.  When
properly applied, mass ignition causes
rapid consumption of dry, surface fuels
and creates a very strong plume or convec-

Figure 8.5.  Backing fires in uniform,
noncomplex fuelbeds consume fuels more
efficiently than during a head fire resulting in
fewer emissions.

Figure 8.6.  Quickly extinguishing a smoldering
fire is a costly but effective technique for
reducing smoldering emissions and impacts.
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tion column which draws much of the heat
away from the fuelbed and prevents drying
and preheating of larger, moister fuels.
This strong plume may result in improved
smoke dispersal. The fire dies out shortly
after the fine fuels fully consume and there
is little smoldering or consumption of the
larger fuels and duff.  The conditions
necessary to create a true mass ignition
situation include rapid ignition of a large,
open area with continuous, dry fuels (Hall
1991).

• Air Curtain Incinerators.  Burning fuels
in a large metal container or pit with the
aid of a powerful fan-like device to force
additional oxygen into the combustion
process results in a very hot and efficient
fire that produces little smoke (figure 8.8).
These devices are commonly used to burn
land clearing, highway right-of-ways, or
demolition debris in areas sensitive to
smoke and may be required by air quality
agency regulations in some areas.

Figure 8.7. Mass ignition can shorten the
duration of the smoldering phase and reduce
total consumption resulting in fewer emissions

Redistributing the
Emissions

Emissions can be spatially and temporally
redistributed by burning during periods of good
atmospheric dispersion (dilution) and when
prevailing winds will transport smoke away
from sensitive areas (avoidance) so that air
quality standards are not violated.  Redistribu-
tion of emissions does not necessarily reduce
overall emissions.

1.  Burn when dispersion is good.

Smoke concentrations can be reduced by dilut-
ing the smoke through a greater volume of air,
either by burning during good dispersion condi-
tions when the atmosphere is unstable or burn-
ing at slower rates.  If burning progresses too
slowly, smoke accumulation due to evening
atmospheric stability can occur.

2.  Share the airshed.

Establishing a smoke management program that
links both local and interstate jurisdictions will
create opportunities to share the airshed and
reduce the likelihood of smoke impacts.

Figure 8.8.  Air curtain incinerators result in very
hot and efficient fires that produce little smoke.
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3.  Avoid sensitive areas.

The most obvious way to avoid smoke impacts
is to burn when the wind is blowing away from
all smoke-sensitive areas such as highways,
airports, populated areas, and scenic vistas.
Wind direction must be considered during all
phases of burning.  For example, the prevailing
winds during the day time may move the smoke
away from a major highway; however, at night,
drainage winds can carry the smoke toward the
highway.

4.  Burn smaller units.

Short term emissions and impacts can be re-
duced by burning subsets of a large unit over
multiple days.  Total emissions are not reduced
if the entire area is eventually burned.

5.  Burn more frequently.

Burning more frequently does not allow fuels to
accumulate, thus there are less emissions with
each burn.  Frequent, low intensity fires can
prevent unwanted vegetation from becoming
established.  If longer fire rotations are used, the
vegetation has time to grow resulting in the
production of extra biomass and extra fuel
loading at the time of burning.  This technique
generally has positive effects on land manage-
ment goals since it results in fire regimes that
more closely mimic the frequency of natural fire
in many ecosystems.

The Use and Effectiveness of
Emission Reduction and
Redistribution Techniques

The overall potential for emission reductions
from prescribed fire depends on the frequency
of use of emission reduction techniques and the

amount of emission reduction that each method
offers.  This section provides information on the
overall potential for emission reduction and
redistribution from prescribed fire based on (a)
the frequency of use of each emission reduction
and emission redistribution technique by region
of the country, (b) the relative effectiveness of
each smoke management technique, and (c)
constraints on application of the technique
(administrative, legal, physical, etc.).

Much of the information in this section was
provided by participants in regional workshops
(as described previously).  The information
provided can, and should, be improved upon by
local managers who will have better information
about specific, local burning situations.

The use of each smoke management technique
is organized by U.S. region as shown in figure
8.9.  They are the Pacific Northwest including
Alaska (PNW), Interior West (INT), Southwest
(SW), Northeast (NE), Midwest (MW), and
Southeast including Hawaii (SE) regions.  Each
region has its own vegetation cover types,
climatology, and terrain characteristics, all of
which influence the land manager’s decision to
burn and the appropriateness of various emis-
sion reduction techniques.

Manager use of emission reduction techniques is
influenced by numerous factors including land
management objectives, the type and amount of
vegetation being burned, safety considerations,
costs, laws and regulations, geography, etc.  The
effect of some of these many influencing factors
can be assessed through general knowledge of
the frequency of use of a particular technique in
a specific region.  Table 8.1 provides general
information about frequency of use of each
smoke management technique by region of the
country, grouped as shown in figure 8.9.
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Figure 8.9. Prescribed burning regions including Pacific Northwest including Alaska (PNW), Intermountain
(INT), Midwest (MW), Southwest (SW), Southeast including Hawaii (SE), and Northeast (NE).

Information in table 8.1 summarizes regional
applicability of each of the twenty-nine smoke
management methods.  Interviews with fire
practitioners demonstrate that, on a national
scale, several smoke management techniques
are rarely used.  These include biomass for
electrical generation, biomass utilization, site
conversion, land use change, burning before
litter fall, burning under dry conditions, air
curtain incineration, and burning smaller units.
In most of the regions, firewood sales and
chemical treatments are also seldom used.  The
methods most commonly applied include aerial
ignition/mass ignition, burning when dispersion
is good, sharing the airshed, and avoiding
sensitive areas.

The general effectiveness of the emission
reduction and redistribution techniques is
described in table 8.2 based on input from
managers at the workshops.  Local managers
will have better information about specific
situations and can improve upon the informa-
tion in the tables.  Each technique was assigned
a general rank of “High” for those techniques
most effective at reducing emissions or “Low”
for those techniques that are less effective.
Some emission reduction techniques also have
secondary benefits of delaying or eliminating
the need to use prescribed fire.  Some smoke
management techniques, are also effective for
reducing local smoke impacts if they promote
plume rise or decrease the amount of residual
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Table 8.1. Frequency of smoke management method use by region.  Alaska is included in the Pacific
Northwest (PNW) region, and Hawaii is included in the southeast region (SE)
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Table 8.2.  Relative effectiveness of various smoke management techniques.
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smoldering combustion where smoke is more
likely to get caught in drainage winds and
carried into populated areas.  These factors are
also addressed in table 8.2.

Table 8.3 summarizes significant constraints
identified by fire managers that limit the wider
application of techniques to reduce and redis-
tribute emissions.  This table excludes consider-
ation of the objective of the burn, which is
generally the overriding constraint.  Some of the
techniques would probably be used more fre-
quently if specific constraints could be over-
come.

Smoke management techniques that, in the
opinion of workshop participants, show particu-
lar promise for wider use in the future are listed
below:

1. Mosaic Burning:  Since this method
reduces the area burned and replicates the
natural role of fire, it is being increasingly
used for forest health restoration burning
on a landscape scale.

2. Mechanical Removal:  In areas where
slope and access are not a problem and
fuels have economic value, the wider use
of whole tree yarding, YUM yarding, cut-
to-length logging practices and other
methods that remove fuel from the unit
prior to burning (if the unit is burned at
all) may have potential for wider applica-
tion if economic markets for the removed
fuels can be found.

3. High Moisture in Large Woody Fuels,
and/or Moist Litter and Duff:  In situa-
tions where the objective is not to maxi-
mize the consumption of large woody
debris, litter, and/or duff, this option is
favored by fire practitioners as an effective
means of reducing emissions, smoldering
combustion, and smoke impacts.

4. Pile and Windrow Burning:  Pile burn-
ing, although already widely used in all
regions, is gaining popularity among land
managers because of the flexibility offered
in scheduling burning and the resultant
lower impacts on smoke sensitive loca-
tions. Lower impacts may not result if
piles or windrows are wet or mixed with
dirt.

5. Aerial/Mass Ignition:  Little clear infor-
mation currently exists as to the extent to
which aerial ignition achieves true mass
ignition and associated emission reduction
benefits.  More effort to achieve true mass
ignition using aerial techniques may yield
significant emission reduction benefits.

6. Burn More Frequently:  Fire managers
generally favor more frequent burning
practices to reduce fuel loading on second
and subsequent entry, thereby reducing
emissions over long time periods.  This
will increase daily or seasonal emissions.

Estimated Emission Reductions

While the qualitative assessment of emission
reduction technique effectiveness shown in table
8.2 is a useful way to gauge how relatively
successful a particular technique may be in
reducing emissions, it is also useful to model
potential quantitative emission reduction. Table
8.4 summarizes potential emission reductions
that may be achieved by employing various
techniques as estimated by the fuel consumption
and emissions model Consume 2.1 (Ottmar and
others [in preparation]).  For example, use of
mosaic burning techniques in natural, mixed
conifer fuels in which one-half of a 200-acre
project is burned is projected to reduce PM2.5

emissions from 14.8 to 7.4 tons for a 50%
reduction in emissions.  A 33% reduction in
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Table 8.3.  Constraints to the use of emission reduction and redistribution techniques as reported by regional
workshop participants.
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PM2.5 emissions can be achieved by pile burn-
ing mixed conifer fuels under the conditions
noted in the table.  Specific simplifying assump-
tions were made in each case to produce the
estimates of emission reduction potential seen in
table 8.4.  Other models using the same field
assumptions would yield similar trends.

Wildfire Emission Reduction

Little thought has been given to reducing emis-
sions from wildfire, but many fire management
actions do affect emission production from
wildfires because they intentionally reduce
wildfire occurrence, extent, or severity.  For
example, fire prevention efforts, aggressive
suppression actions, and fuel treatments (me-
chanical or prescribed fire) all reduce emissions
from wildfires.  Although fire suppression
efforts may only delay the emissions rather then
eliminate them altogether.  Allowing fires to
burn without suppression early in the fire season
to prevent more severe fires in drier periods
would reduce fuel consumption and reduce
emissions.  All fire management plans that allow
limited suppression consider air quality impacts
from potential wildfires as a decision criterion.
So, although only specific emission reduction
techniques for prescribed fires are discussed in
this chapter, we should remember that there is
an inextricable link between fuels management,
prescribed fire, wildfire severity, and emission
production.
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Smoke Dispersion Prediction Systems

Sue A. Ferguson

Smoke dispersion prediction systems are be-
coming increasingly valuable tools in smoke
management.  There are a variety of potential
applications that can help current management
issues.  These include screening, where meth-
ods and models are used to develop “worst-
case” scenarios that help determine if
alternative burn plans are warranted or if more
in-depth modeling is required.  Such tools also
help in planning, where dispersion predictions
aid in visualizing what fuel and weather condi-
tions are best suited for burning or when sup-
porting data are needed to report potential
environmental impacts.  Also, prediction sys-
tems can be used as communication aids to help
describe potential impacts to clients and manag-
ers.  For regulating, some states use dispersion
prediction systems to help determine approval
of burn permits, especially if ignition patterns
or fuel complexes are unusual.  Other states
require dispersion model output in each burn
permit application as supporting proof that a
burn activity will not violate clean air thresh-
olds.

There are a variety of tools that can be applied
to screening and some planning applications.
The easiest of these are simple approximations
of dispersion potential, emission production,
and proximity to sensitive receptors.  The
approximations are based on common experi-
ence with threshold criteria that consider worst-
case conditions or regulatory requirements.
More detailed planning and many regulatory
situations require numerical modeling tech-

niques.  While numerical models output a
calculated physical approximation of dispersion
features, they can be adjusted to predict worst-
case scenarios by altering such things as emis-
sion production or trajectory winds.  Often the
easily applied numerical models are used for
screening.  Typically, more rigorous applications
require the use of complex models by trained
personnel.

Methods of Approximation

A first level of approximation can simply deter-
mine whether the atmosphere has the capacity to
effectively disperse smoke by using indexes of
ventilation or dispersion.  These indexes are
becoming widely used and may be a regular
feature of fire weather or air quality forecasts in
your area.  Usually the ventilation index is a
product of the mixing height times the average
wind within the mixed layer.  For example, a
mixing height of 600 meters (~2,000 feet) above
the ground surface with average winds of 4 m/s
(~7.8 knots or ~8.9 mph) produces a ventilation
index of 2,400 m2/sec (~15,600 knots-feet).
With similar wind speeds, the ventilation index
would increase to 12,000 m2/sec (~78,000
knots-feet) if the mixing height rose to 3,000
meters (~10,000 feet).  Ventilation indexes
calculated from model output may use the
product of the planetary boundary layer (PBL)
and lowest level winds (e.g., 10 to 40 meters
above ground level).  Others calculate the index
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 1 Transport winds are those considered most likely to carry smoke away from a fire, usually near mid-level of the
horizontal portion of a spreading plume.

Table 9.1.  Common values of the ventilation index (VI) and associated smoke conditions.
The Index is calculated by multiplying mixing height (MH) or planetary boundary layer (PBL)
times trajectory winds (Traj.), average winds through the depth of the mixed layer (Avg.), or
winds at 40 meters above ground level (40m).

by multiplying the mixing height by a deter-
mined transport wind speed,1 which might be
near the top of the mixed layer.  Because of
different methods of calculating ventilation
index, the scales used for burning recommenda-
tions may vary.

It helps to gain experience with a ventilation
index before making management decisions
based on its value.   Defining a uniform method
for calculating the index and comparing it
frequently with observed smoke dispersal
conditions can do this.   Ferguson et al. (2001)
developed a national historical database of
ventilation index based on model generated 10-
meter winds and interpolated mixing height
observations.  It is useful in illustrating the
spatial and temporal variability of potential
ventilation all across the country.  In South
Carolina the index is divided into 5 categories
that correspond to specific prescribed burning
recommendations, where no burning is recom-
mended if the index is less than 4,500 m2/sec
(28,999 knots-feet) and restrictions apply if it is
between 4,500 and 7,000 m2/sec (29,000-
49,999 knots-feet) (South Carolina Forestry

Commission, 1996).  In Utah the ventilation
index is referred to as a “clearing index” and is
defined as the mixing depth in feet times the
average wind in knots divided by 100.  In this
way, a clearing index of less than 200 would
indicate poor dispersion and likely pollution; an
index between 200 and 500 indicates fair disper-
sion, while indexes greater than 500 represent
good to excellent dispersion.  Commonly, the
clearing index must be greater than 400 before
burning is recommended.  In the northwestern
U.S., where a mesoscale weather model is used
to predict ventilation index, the South Carolina
scale has been slightly adjusted to match local
burning habits and to accommodate for the
slightly different way of computing the index.
Table 9.1 gives common values of the ventila-
tion index (VI) and associated smoke condi-
tions.

Ventilation indexes have no value when there is
no mixing height, which is common at night.
Also, if the atmosphere is very stable within the
mixed layer, the ventilation index may be too
optimistic about the ultimate potential of dis-
persing a smoke plume.  Therefore, to help
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Table 9.2.  Atmospheric Dispersion Index (ADI) with its current interpretation
(Lavdas 1986).

determine the atmosphere’s capacity to disperse
smoke during all atmospheric conditions,
Lavdas (1986) developed an Atmospheric
Dispersion Index (ADI) that combines Pasquill’s
stability classes (see table 7.1) and ventilation
indexes with a simple dispersion model.  Na-
tional Weather Service (NWS) fire weather
offices are beginning to include the ADI as a
regular part of their smoke management fore-
cast.  See table 9.2 for an explanation of the ADI
categories.  Commonly the ADI must be greater
than 30 before burning is recommended.

Another way to approximate smoke impacts is
through a geometric screening process that is
outlined in “A Guide for Prescribed Fire in
Southern Forests” (Wade 1989) and “Southern
Forestry Smoke Management Guidebook”
(USDA-Forest Service, Southern Forest Experi-
ment Station 1976).  The recommended steps
include: 1) plotting the direction of the smoke
plume, 2) identifying common areas of smoke
sensitivity (receptors) such as airports, high-
ways, hospitals, wildernesses, schools, and

residential areas, 3) identifying critical areas
that already have an air pollution or visibility
problem (non-attainment areas), 4) estimating
smoke production, and 5) minimizing risk.

It is suggested that the direction of the smoke
plume during the day be estimated by consider-
ing the size of the fire and assuming a dispersion
of 30° on either side of the centerline trajectory
if wind direction is planned or measured and
45° if forecasted winds are used.  At night, the
guide suggests that smoke follows down-valley
winds and spreads out to cover valley bottoms.
Fuel type, condition, and loading are used to
help estimate the amount of smoke that will be
produced.   In minimizing risk, it is suggested to
consider mixing height, transport wind speed,
background visibility, dispersion index, and
various methods of altering ignition and mop-up
patterns.

Because the guidebooks for southern forestry
estimate emissions based on fuel types specific
to the southeastern U.S., other methods of
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estimating emissions are needed to employ
geometric screening applications elsewhere.
Existing models such as FOFEM (Reinhardt and
others 1997) and CONSUME (Ottmar and
others 1993) are designed for this purpose.

Schaaf and others (1999) describe a similar
screening process for deciding the level of
analysis for each project.   The screening steps
include: 1) determining fire size, 2) estimating
fuel load, 3) identifying distance to sensitive
areas, and 4) calculating emission production.
Unlike the southern forestry screening method,
which estimates downwind impacts from simple
geometry, Schaaf and others (1999) recommend
running a numerical dispersion model to help
calculate smoke concentrations if initial screen-
ing thresholds are met.  Further analysis or
efforts to reduce potential impacts are then
recommended only if predicted concentrations
exceed specified standards.

Before relying on simple screening methods to
determine if additional modeling may be re-
quired or if alternatives are necessary, it is
helpful to define appropriate threshold criteria
by consulting regulations, surrounding commu-
nity opinions, and management concerns.  For
example, the criteria of sensitive receptor prox-
imity may range from fractions of a mile to
several miles.  On the other hand, some places
may base criteria on total tonnage of emissions,
no matter how close or far from a sensitive area.
Most often criteria are combinations of proxim-
ity to receptors and fire size, which vary from
place to place.

Numerical Models

Most of the available dispersion prediction
systems are in the form of deterministic numeri-
cal models and there are three types designed to
estimate the timing and location of pollutant

concentrations;  dispersion, box, and three-
dimensional grid models.  Dispersion models
are used to estimate smoke and gas concentra-
tions along the trajectory of a smoke plume.
Box models do not calculate trajectories of
particles but assume smoke fills a box, such as a
confined basin or valley, and concentrations
vary over time as smoke enters and leaves the
box.  Grid models are like expanded box models
in that every grid cell acts as a confined box.
Because trajectories are not explicitly computed,
box or grid models may include other enhance-
ments, such as complex computations of chemi-
cal interactions.  Currently, only dispersion and
box models have been adapted for wildland
smoke management applications.  Work is
underway to adapt grid models to smoke prob-
lems and this will help in estimates of regional
haze because grid models can simulate large
domains and usually include critical photo-
chemical interactions.  The following summary
of numerical models currently used by smoke
managers is updated from an earlier review by
Breyfogle and Ferguson (1996).

Dispersion Models – Dispersion models track
trajectories of individual particles or assume a
pattern of diffusion to simplify trajectory calcu-
lations.  Particle models typically are the most
accurate way to determine smoke trajectories.
They are labor intensive, however, and more
often used when minute changes in concentra-
tions are critical, such as when nuclear or toxic
components exist, or when flow conditions are
well bounded or of limited extent (e.g., PB-
Piedmont by Achtemeier 1994, 1999, 2000).
Diffusion models commonly assume that con-
centrations crosswind of the plume disperse in a
bell-shape (Gaussian) distribution pattern.  Both
plume (figure 9.1a) and puff (figure 9.1b)
patterns are modeled.  The plume method
assumes that the smoke travels in a straight line
under steady-state conditions (the speed and
direction of particles do not change during the
period of model simulation).  SASEM (Sestak
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and Riebau 1988), VSMOKE (Lavdas, 1996),
and VSMOKE-GIS (Harms and Lavdas 1997)
are examples of plume models.  Plume models
most commonly are applied in regions of flat or
gently rolling terrain but can be used whenever a
plume is expected to rise above the influence of
underlying terrain.  The puff method simulates a
continuous plume by rapidly generating a series
of puffs (e.g., NFSpuff: Harrison 1995; Citpuff:
in TSARS+ by Hummel and Rafsnider 1995;
and CALPUFF: Scire and others 2000a).
Therefore, like particle models, puff models can
be used at times when trajectory winds change,
such as during changeable weather conditions or
in regions where underlying terrain controls
smoke trajectory patterns.  Because particle
trajectory models and Gaussian diffusion mod-
els use coordinate systems that essentially
follow particles/parcels as they move
(Lagrangian coordinates), sometimes they are
referred to as Lagrangian dispersion models.

Particle and puff models must have high spatial
and temporal resolution weather data to model
changing dispersion patterns.  This requires at
least hourly weather information at spatial
resolutions that capture important terrain fea-
tures (usually less than 1km).  For this reason,
particle and puff models currently used for
smoke management include a weather module
that scales observations or input from external
meteorological information, to appropriate
spatial and temporal resolutions.  For example,
TSARS+ is designed to link with the meteoro-
logical model NUATMOS (Ross and others
1988) while CALPUFF is linked to CALMET
(Scire and others 2000b).  NFSpuff (Harrison
1995) and PB-Piedmont (Achtemeier 1994,
1999, 2000) contain internal algorithms that are
similar to CALMET and NUATMOS.  Most
weather modules that are attached to particle
and puff models solve equations that conserve
mass around terrain obstacles and some have
additional features that estimate diurnal slope
winds and breezes associated with lakes and

oceans at very fine scales.

Unlike most particle or puff models, plume
models assume that mixing heights and trajec-
tory winds are constant for the duration of the
burn.  Therefore, they do not require detailed
weather inputs and are very useful when meteo-
rological information is scarce.  Plume models,
however, will not identify changing trajectories
or related concentrations if weather conditions
fluctuate during a burn period.  Also, when
smoke extends beyond a distance that is reason-
able for steady-state assumptions, which typi-
cally is about 50 km (30 miles), plume
approximations become invalid.  When terrain
or water bodies interact with the plume, steady-
state assumptions become difficult to justify, no
matter how close to the source.   Despite the
limitation of plume models in complex terrain,
they can be useful if plumes are expected to rise
above the influence of terrain or if plumes are
confined in a straight line that follows a wide
valley when dispersion does not extend beyond
the valley walls.

Box and Grid Models – The box method of
estimating smoke concentrations assumes
instantaneous mixing within a confined area,
such as a confined basin or valley (figure 9.1c).
This type of model usually is restricted to
weather conditions that include low wind
speeds and a strong temperature inversion that
confines the mixing height to within valley
walls (e.g., Sestak and others, unpublished;
Lavdas 1982).  The valley walls, valley bottom,
and top of the inversion layer define the box
edges.  The end segments of each box typically
coincide with terrain features of the valley, like
a turn or sudden elevation change.  Flow is
assumed to be down-valley and smoke is
assumed to instantaneously fill each box seg-
ment.  The coordinates used to calculate box
dispersions are fixed in space and time and thus
called Eulerian coordinates.   The box method
provides a useful alternative to Gaussian diffu-
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Figure 9.1.  Schematic diagrams of numerical dispersion models; (A) Gaussian plume, (B) Gaussian
puff, and (C) box.
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sion models when understanding patterns of
smoke concentrations in an isolated valley
become critical.

Many grid models are called Eulerian grids
because of their fixed coordinate system.  The
fixed coordinates make it difficult for grid
models to track the impact of individual plumes
but allows for easier evaluation of cumulative
impacts from several plumes or chemical inter-
actions of particles and gases within plumes.
This makes grid models especially useful for
evaluating the impact of smoke on regional
haze.  Work is underway to adapt at least two
grid models (REMSAD: Systems Applications
International 1998; and CMAQ: Byun and
Ching 1999) for wildland fire applications.
REMSAD has very simple chemistry thus is
desirable for use in large domains or over long
time periods. The CMAQ model is more fully
physical and part of the EPA’s Models 3 project,
which is a “one-atmosphere” air quality model-
ing framework designed to evaluate all potential
impacts from all known sources.  At this time
grid models require experienced modelers to
initialize and run.  Smoke managers, however,
may be asked to provide input for grid models
and could begin seeing results that influence
application of regional haze rules.

Uncertainty

All prediction systems include some level of
uncertainty, which may occur from the meteoro-
logical inputs, diffusion assumptions, plume
dynamics, or emission production.  Many
dispersion models and methods have been
compared to observations of plumes from point
sources, such as industrial stacks, or tightly
controlled experiments (e.g., Achtemeier 2000).
In these cases, the greatest error usually occurs
because of inaccuracies in the weather inputs;
either from a poor forecast or an insufficient

number of data points.  If trajectories can be
determined correctly then dispersion and result-
ing down-wind concentrations from point
sources are relatively straightforward calcula-
tions.  This is because emission rates and subse-
quent energy transmitted to the plume from
industrial stacks, or controlled experiments,
usually are constant and can be known exactly.

It is expected that the largest source of uncer-
tainty in modeling smoke concentrations from
wildland fires is in estimating the magnitude
and rate of emissions.  Highly variable ignition
patterns and the condition and distribution of
fuels in wildland fires create complex patterns
of source strength.  This causes plumes with
simultaneous or alternating buoyant and non-
buoyant parts, multiple plumes, and emission
rates that are dependent on fuel availability and
moisture content.  Few comparisons of observa-
tions from real wildland fires to dispersion
model output are available.  Those that do exist
are qualitative in nature and from the active
phase of broadcast-slash burns (e.g., Hardy and
others 1993), which tend to generate relatively
well-behaved plumes.

To calculate the complex nature of source
strength, components of heat and fuel (particle
and gas species) must be known.  For simulating
wildland fires, additional information is required
on: 1) the pattern of ignition, 2) fuel moisture by
size of fuel, 3) fuel loading by size, 4) fuel
distribution, and 5) local weather that influences
combustion rates.  Much of this information is
routinely gathered when developing burn plans.
Peterson (1987) noted that 83% of the error in
calculating emissions is due to inaccurate fuel
load values.  Therefore, even the best burn plan
data will introduce a large amount of uncertainty
in predicted dispersion patterns.

The shift from burning harvest slash to using
fire in natural fuel complexes for understory
renovation and stand replacements has intro-
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duced another degree of uncertainty by the
existence of decaying fuel and isolated concen-
trations of deep duff that have previously been
neglected in pre-burn inventories.  This has
prevented emission models from accurately
estimating the contribution of smoldering
combustion, which is common in the porous
elements of rotten wood and deep duff.   Until
this omission is corrected, users must manipu-
late source-strength models into expecting
smoldering by inputting very long ignition
periods and low fuel loads, which simulate the
independent smoldering combustion that occurs
in porous material.

Currently variable-rate emissions are deter-
mined by approximating steady-state conditions
in relatively homogeneous burning segments of
a fire (e.g., Sandberg and Peterson 1984;
Ferguson and Hardy 1994; Lavdas 1996; Sestak
and Riebau 1988) or by allowing individual fuel
elements to control combustion rates (e.g.,
Albini and others 1995; Albini and Reinhardt
1995; Albini and Reinhardt 1997).   The steady-
state method has been adapted for many of the
currently available puff, plume, and box models
and is most useful when the pattern and duration
of ignition are known ahead of time, either
through planning or prediction.   The fuel-
element approach shows promise for calculating
emissions simultaneously with ignition rates
(fire spread) and may become particularly useful
for coupled fire-atmosphere-smoke models,
which currently are being developed.

Principal components (plume rise, trajectory,
and diffusion) of all numerical dispersion
models assume functions that are consistent
with standard, EPA approved, industrial stack
emission models.  The models themselves,
however, may or may not have passed an EPA
approval process.  Primary differences in the
physics between the models appear to be the
degree to which they fully derive equations.  All
models include some empirical coefficients,

approximations, or parameterized equations
when insufficient input data are expected or
when faster computations are desired.  The
degree to which this is done varies between
models and between components of each model.
Note that it is not clear whether fully physical
calculations of plume rise and dispersion are
more accurate than approximate calculations in
biomass burning because of the considerable
uncertainty in the distribution and magnitude of
available fuels in wildland areas.

Output

Useful output products for smoke managers are
those that relate to regulatory standards, show
impact to sensitive receptors, and illustrate
patterns of potential impact.  Regulatory stan-
dards require 24-hour averaged and 24-hour
maximum surface concentrations of respirable
particles at sensitive receptors.  In addition,
surface concentrations of carbon monoxide
(CO), lead, sulfur oxides (SOx), ozone (O

3
),

nitrous oxides (NOx), and hydrocarbons (e.g.,
methane, ethane, acetylene, propene, butanes,
benzene, toluene, isoprene) are needed to
conform to health regulations.  Quantifying the
impact on regional haze is becoming necessary,
which requires an estimate of fine particles,
carbon gases, NOx, O

3
, relative humidity, and

background concentrations.  Safety consider-
ations require estimates of visibility, especially
along roads (Achtemeier et al. 1998) and at
airports.  In addition to quantitative output, it is
helpful to map information for demonstrating
the areal extent of potential impact because even
the smallest amount of smoke can affect human
values, especially when people with respiratory
or heart problems are in its path.  For example,
studies have shown that only 30 to 60 µg/m3 in
daily averaged PM10 (particulate matter that is
less than 10 micrometers in diameter) can cause
increases in hospital visits for asthma (Schwartz
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et al. 1993; Lipsett et al. 1997).  These values
are less than 1/3 of the national ambient air
quality standard (U.S. Environmental Protection
Agency 1997).  Sometimes the mere presence of
smoke, regardless of its concentration, is enough
to force alteration of a burn plan.

The old adage, “you can’t get out what you
don’t put in,” aptly describes the output of
dispersion prediction systems.  In a geometric
screening system (Wade 1989), only place of
impact can be approximated because elemental
constituents of the source emissions are not
considered.  The value in screening processes of
this type, however, is that they allow an objec-
tive, first-guess estimate of smoke impacts so
alternative measures can be taken if needed.
Also, the process can be done on a map that
illustrates potential receptors and estimated
trajectory for others to see and discuss.  De-
pending on the state or tribal implementation
plan, a geometric screening may be all that is
needed to conform to regulatory standards.

Numerical models disperse gases and particu-
lates that are available from a source-strength
model, which uses measured ratios of emissions
to amount of fuel consumed (emission factors).
Emission factors vary depending on fuel type,
type of fire (e.g., broadcast slash, pile, or undis-
turbed) and phase of the fire (e.g., flaming or
smoldering).   Currently, emission factors
available for wildland fire include total particu-
late matter (PM), particulate matter that is less
than 10 micrometers (µm) in diameter (PM10),
particulate matter that is less than 2.5 µm in
diameter (PM2.5), carbon monoxide (CO),
carbon dioxide (CO

2
), methane (CH

4
), and non-

methane hydrocarbons (NMHC).   Emission
factor tables (AP-42) are maintained by the U.S.
Environmental Protection Agency (1995).

At this time, emissions of lead and SOx from
biomass fires are considered negligible.  Emis-
sion factors of NOx are uncertain and have not

been quantified to a satisfactory level.  It is
assumed that ozone is not created at the source
but develops downwind of the source as the
plume is impacted by solar radiation.  Currently,
aside from grid models, only one dispersion
model (CALPUFF: Scire and others 2000a)
includes simple photochemical reactions for
calculation of down-wind ozone.

Desired attributes within a dispersion prediction
system vary in complexity by several orders of
magnitude.   To help potential users determine
which systems may best apply to their specific
need, three levels of complexity were estimated
for each desired attribute as shown in table 9.3.
The 1st level is the simplest; usually producing
generalized approximations.  At the 3rd level,
attributes are determined with the best available
science and often include a number of perspec-
tives or options for output.

Using the estimated levels of complexity from
table 9.3, it becomes possible to rank dispersion
prediction systems for each potential applica-
tion.  For example, if graphical output is avail-
able, the location of impact can be determined.
If surface concentrations of particles and gases
are available, then the system can be used to
determine health and visibility impacts.  A quick
estimate of visibility may require only a 1st level
of complexity, while precise visibility determi-
nations may require more complex approaches.
A summary of attributes for each dispersion
prediction system is provided in table 9.4.  The
numbers in the attribute columns refer to an
estimated level of complexity from 1 to 3 as
summarized in table 9.3.  Ease of use is a
subjective determination based on the work of
Breyfogle and Ferguson (1996).  It considers the
number and type of inputs, the availability of
inputs, required user knowledge, and effort
needed to produce useful results.  Because
calculating a ventilation or clearing index is
simply a product of two numbers, dispersion
indexes typically are computed by others, and
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Table 9.3.  Desired attributes of dispersion prediction systems are compared to estimated levels
of complexity.

both commonly are available through fire
weather or air quality forecasts, they are consid-
ered very easy to use.

Several methods/models can show cumulative
impacts from a number of fires by generalizing
the atmosphere’s capacity to hold the total
emissions (index values) or by displaying
multiple plumes at once (VSmoke-GIS if sepa-
rate projects are used as overlays, NFSpuff,
TSARS+, and CALPUFF).  The ability to
numerically determine the cumulative impact,
however, requires concentrations of intersecting
plumes to be added together.  Currently

CALPUFF (Scire and others 2000a) is capable
of additive concentrations.

Only two of the currently available models are
specific to a geographic area.  They are NFSpuff
(Harrison 1995) and PB-Piedmont (Achtemeier
1994, 1999, 2000) that were built for ultimate
ease by including digital elevation data so the
user would not have to find it or adjust for
different formats.  Early versions of the NFSpuff
model contain only elevation data from Wash-
ington and Oregon while later versions include
all of the western states.   The PB-Peidmont
model includes data for the piedmont regions of
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Table 9.4.  Dispersion prediction systems designed for wildland fire applications.  Attributes are ranked
by their level of complexity, with 1 being simplest and 3 being most complex, where a dash indicates
that the attribute is unavailable.  Ease of use is ranked from 1 being the easiest to 10 being the most
difficult.

southeastern United States.  Other models do
not require elevation data (e.g., SASEM and
VSmoke) or allow the input of elevation data
from anywhere as long as it fits the model-
specified format (e.g., VSmoke-GIS, TSARS+,
and CALPUFF).  While there is some concern
that version 1.02 of the Emission Production
Model (EPM: Sandberg and Peterson 1984) is
specific to vegetation types in Washington and
Oregon, it has been adapted for use in the
southeastern U.S. through VSmoke (Lavdas
1986) and can be adjusted to function elsewhere
in the country (e.g., SASEM: Sestak and Riebau
1988).  Newer versions of EPM (Sandberg
2000) and the BurnUp emissions model (Albini
and Reinhardt 1997) are not geocentric but to
date neither has been incorporated into any
available dispersion prediction system.

Summary

For many projects a simple model often pro-
vides as good information as a more complex
model.  Regulations, however, may dictate the
level of modeling required for each project.
Other times, community values will determine
the level of effort needed to demonstrate com-
pliance or alternatives.  Also, skills available to
set up and run models or the availability of
required input data may affect whether a predic-
tion system is necessary and which one is most
appropriate.

Because regulations vary from state to state and
tribe to tribe and because expectations vary
from project to project there is no simple way to
determine what dispersion prediction system is
best.   It is hoped that the information in tables
9.3 and 9.4 can be used to help assess the value
of available methods and models.   For ex-
ample, if a simple indication of visibility im-
pacts is required, plume models can be used or
visual indexes can be approximated from
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concentrations out of box, plume, or puff
models.  If more detailed visibility impacts are
required, a sophisticated puff model should be
used.  Whatever the situation, whether smoke
dispersion prediction systems are used for
screening, planning, regulating, or simply game
playing, it is helpful to remember their
strengths and weaknesses.
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Air Quality Monitoring for Smoke

John E. Core

Janice L. Peterson

Introduction

There are several reasons why wildland fire
managers may want to conduct an ambient air
quality-monitoring program.  These include:

• smoke management program evaluation
purposes,

• to fulfill a public information need,

• to verify assumptions used in Environmen-
tal Assessments,

• to assess potential human health affects in
communities impacted by smoke,

• and to evaluate wildland burning smoke
impacts on State and Federal air quality
laws and regulations.

Both visibility data and PM10/PM2.5 concentra-
tion data are useful to smoke management
program coordinators for assessing air quality
conditions if the information is provided in real-
time.  Fire managers may also be interested in
monitoring impacts on visibility in Class I areas.
Whatever the objective may be, care must be
taken to match monitoring objectives to the right
monitoring method.  Monitoring locations,
sampling schedules, quality assurance, and
monitoring costs are elements that must also be
considered.

Particulate Monitoring Techniques

Particulate monitoring instruments generally use
one of two particle concentration measurement
techniques:  gravimetric or optical.  Gravimetric
or filter-based instruments collect particulates
on ventilated filters.  The filters are later
weighed at special laboratory facilities to deter-
mine the mass concentration of particulate
collected.  Gravimetric monitoring techniques
have been used for years to quantify mass
concentration levels of airborne particulate
matter.  Filter-based sampling is labor intensive.
Filters must be conditioned, weighed before
sampling, installed and removed from the
instrument, and reconditioned and weighed
again at a special facility.  Results may not be
available for days or weeks.  Also, airflow rates
and elapsed sampling time must be carefully
monitored and recorded to ensure accurate
results.  Filter-based techniques integrate
samples over a long period of time, usually 24-
hours, to obtain the required minimum mass for
analysis.  Gravimetric monitoring is best for
projects where high-accuracy is needed and the
time delay in receiving the data is not a prob-
lem.  State monitoring networks designed to
detect violations of air quality standards rely
largely on gravimetric monitors.  Specific
monitoring devices must be approved by EPA
for this task and are called Federal Reference
Monitors (FRM’s).
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Optical instruments measure light-scattering
(nephelometers) or light-absorbing (aethalo-
meters) characteristics of the atmosphere.  This
measurement can then be converted to obtain an
estimate of the concentration of airborne par-
ticulates.  Optical instruments offer several
advantages over gravimetric methods, including
real-time readings, portability, low power
consumption, and relatively low cost.  Optical
instruments have the disadvantage of being
generally less accurate than gravimetric instru-
ments at estimating particulate mass concentra-
tion.  Optical instruments are best for projects
where real-time or near-real time data is needed,
where a high degree of accuracy is not a require-
ment, and if instrument portability and rugged-
ness is desirable.

Proper conversion of the light scattering mea-
surement collected by nephelometers to an
estimate of particle concentration requires
development of customized conversion equa-
tions.  The light scattering value measured
depends on particle size distribution and optical
properties of the specific aerosol mix in the area
of interest.  The light scattering value measured
varies as a function of the relative proportions of

fine particles (including smoke) and coarse
particles (such as soil dust).  As a result, optical
instruments should be calibrated against a co-
located FRM in the same area, and pollutant
mix, in which they will eventually operate.  A
formula is then developed to properly convert
scattering to a particulate mass per unit volume
(µg/m3) estimate.

In a recent monitoring instrument evaluation
study, sixty-six laboratory measurements were
made with the MIE DataRam, the Radiance
Research nephelometer, and an EPA FRM
sampler where the instruments were exposed to
pine needle smoke (Trent and others 1999).
Results from these tests concluded that both
nephelometers overestimated mass concentra-
tions of smoke when using the scattering to
mass conversion factors provided by the manu-
facturer.  A follow-up study (Trent and others
2000) compared optical instruments from
various manufacturers (Radiance, MIE, Met
One, Optec, and Andersen) to FRM instruments
both in the field and laboratory and developed
preliminary custom calibration equations (figure
10.1).  The report provides an estimate of a
conversion equation for each instrument tested

Figure 10.1. Three of the nephelometers tested during the Trent and others (2000) study include
the MIE DataRam, the Radiance Research nephelometer, and the Met One GT-640.
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but also recommends that optical instruments be
field calibrated for a type of fire event, and that
meteorological conditions and existing levels of
ambient particles be included.  Specific condi-
tions to consider during calibration are age of
the smoke, type of fire (flaming or smoldering),
fuel moisture, relative humidity, and background
particle concentration without smoke from the
fire.  Figure 10.2 shows the correlation found
between PM2.5 measurements made with an
EPA FRM gravimetric instrument vs. results
from an MIE DataRam nephelometer (Trent and
others 2000).

Wildland Fire Smoke
Monitoring Objectives

Gathering PM10/PM2.5 air quality data down-
wind from a prescribed burn or wildfire is an
important fire manager goal in some areas.  This
data may be used as an input to smoke manage-

ment decision-making, and may or may not
involve immediate public release of estimated
pollutant levels and health warnings.  This
monitoring can be conducted at a few sensitive
locations within a relatively small area during
specific events such as a planned large-scale
understory burn, or used as a permanent part of
smoke management effectiveness monitoring.
Real-time data access, ease of use, and rugged-
ness are all generally required so optical instru-
ments are most appropriate (table 10.1).
Monitors are often equipped with data loggers
and modems to permit downloading of the data
over a telephone line or via radio modem.  In the
near future, technology will be available to
make air quality monitoring data from remote
sites accessible over the Internet.  The USDA
Forest Service, Missoula Technology and
Development Program with Applied Digital
Security, Inc have developed a satellite-based
data retrieval system.  Appropriately outfitted

Figure 10.2.  Comparison of PM2.5 measurements made with a gravimetric Federal Reference
Monitor vs. an MIE DataRam nephelometer (Trent and others 2000).
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Table 10.1. Equipment appropriate for smoke monitoring differs by program objective.
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instruments will send packets of 5-minute
average particulate concentrations each hour by
satellite to a stored database to be viewed and
retrieved through a Web site.1

A second smoke monitoring objective may be to
gather data on prescribed fire smoke impacts at
sensitive locations over a much longer period
for purposes of comparison with ambient air
quality standards (NAAQS).  In these cases,
immediate data access is of secondary impor-
tance to gathering data that approximates or is
equivalent to the high-accuracy official Federal
Reference Method (FRM) instruments used by
air regulatory agencies.  A popular option is the
small, portable, battery powered MiniVol sam-
pler although these are not official EPA FRM
designated monitors.  The lag-time limitation
may be overcome by using one of two EPA-
approved continuous air monitoring devices
(TEOM or Beta Attenuation Monitors [BAM])

__________________________________

1  MTDC Air Program News Issue 1. August 2001. Available at:  http://fsweb.mtdc.wo.fs.fed.us/programs/wsa/
air_news/issue1.htm

Figure 10.3.  A typical IMPROVE monitor installation.

but this equipment is costly and requires a high
degree of technical skill to operate (table 10.1).

Visibility protection is another monitoring
objective for fire managers when wildland
burning smoke may impact nearby Class I areas.
For visibility monitoring, information is not
only needed on PM10/PM2.5 concentrations but
aerosol chemical composition and particle light
scattering and absorption as well.  Since aerosol
chemical analysis (speciation) monitoring
requires filter-based methods and extinction
measurements require in-situ real-time methods,
a combination of techniques are used.  Monitor-
ing is typically conducted throughout the year
over long time periods to establish trends.  In as
much as data consistency with the national
visibility programs is also important, specialized
instruments designed and deployed by the
Interagency Monitoring of Protected Visual
Environments (IMPROVE) Network (Malm
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2000) should be used whenever possible
(figure 10.3).  Monitoring the visual quality of
a vista, called scene monitoring, is often done at
the same time using 35mm cameras.  Digital
camera systems can be used at sites where
real-time web access to the scene is desirable
(table 10.1).

Further monitoring guidance is available on the
Internet at the EPA Air Monitoring Technology
Information Center (AMTIC) web site (http://
www.epa.gov/ttn/amtic) and the EPA Visibility
Improvement site (http://www.epa.gov/oar/vis/
index.html).

Monitoring Locations & Siting

Samplers used for smoke impact monitoring are
normally placed at smoke sensitive locations
that have the greatest likelihood of impact.2

This may be a private residence, within a nearby
community, or at a county fair.  Care must be
taken to ensure that the instrument is located in
an open, exposed location removed from local
pollution sources such as dirt roads, burn bar-
rels, or woodstoves that would influence the
data.  The sampler should be located two or
more meters above ground at a secure location.
Power availability and access are often control-
ling considerations (CH2MHill 1997).

Visibility monitoring sites must be representa-
tive of the Class I area of interest and are there-
fore best located within the area’s boundary or,
in the case of wilderness areas, as close to the
boundary as possible.  Since visibility data is
used to represent conditions over sub-regional
spatial scales, special care is needed in siting to

avoid local source influences.  The IMPROVE
network has recently been expanded with
representative monitors for each of the 156
Class I areas in the country.  Siting of the instru-
ments was accomplished with state and Federal
Land Manager input.

Sampling Schedules

The timing, duration, and frequency of sampling
depend on the program objective.  Continuous,
hourly data is needed to monitor smoke impacts
from several days prior to burn ignition to a day
or two after the event.  In contrast, PM10
NAAQS compliance monitoring using filter-
based instruments is conducted once every six
days in attainment areas.  In a nonattainment
area, daily sampling is required for cities with
more than a million people and every three days
otherwise.  Filter-based measurements made as
part of the IMPROVE visibility monitoring
network are made every third day to reduce
costs and operational requirements.  Continuous
monitoring instruments always operate 24 hours
per day.  Although sampling duration and
frequency decisions are often based largely on
operating costs and technician time require-
ments, measurements made as part of the IM-
PROVE network or for NAAQS compliance
determinations must follow the protocols out-
lined in EPA regulations found on the AMTIC
web site.

2   For NAAQS compliance monitoring, refer to the EPA Monitoring Network Siting Guidance found on the EPA
AMTIC web site at. http://www.epa.gov/ttn/amtic.
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Quality Assurance

Data integrity is essential in any monitoring
program.  Every monitoring project should have
a documented quality assurance plan.  In addi-
tion to the maintenance and calibration mea-
sures outlined by the manufacturer of the
instruments being used, additional quality
assurance measures may also be included in the
plan if the monitoring data are of an especially
important nature.  These include auditing proce-
dures conducted by the state/local air quality
agency to verify proper instrument siting,
calibration and data capture as well as traceabil-
ity of measurement standards to the National
Bureau of Standards (NBS) (EPA 1984).  Meth-
ods of calculation and data processing should
also be audited.  Fire managers may wish to
confer with their state/local air agency to assure
that monitoring results are valid.

Monitoring Costs

Monitoring is expensive.  In addition to the
capital cost of the instruments, costs for equip-
ment installation, electrical, maintenance,
calibration standards, supplies, shipping, data
analysis, and reporting must also be considered.
In the case of filter-based particulate sampling,
laboratory costs for filter weighing and chemical
analysis must also be included.  On-going
annual operating costs for technician time to
service the instruments is a major expense that
often drives the monitoring system design.
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Emission Inventories

Janice L. Peterson

An inventory or estimate of total statewide (or
some other geographically distinct unit) annual
emissions of criteria pollutants is a necessary
part of understanding the burden on the air
resource in an area and taking appropriate
control actions.  Emission inventories are a basic
requirement of state air resource management
programs and are a required element of State
Implementation Plans.  Emission inventories
help explain the contribution of source catego-
ries to pollution events, provide background
information for air resource management,
provide the means to verify progress toward
emission reduction goals, and provide a scien-
tific basis for state air programs.  An accurate
emissions inventory provides a measured, rather
than perceived, estimate of pollutant production
as the basis for regulation, management action,
and program compliance.  Emission inventories
should include all important source categories
including mobile, area, and stationary and are
not complete unless difficult-to-quantify sources
like agricultural burning, backyard burning,
rangeland burning, and wildland and prescribed
burning are each addressed.

Wildland and prescribed fires are extremely
diverse and dynamic air pollution sources and
their emissions can be difficult to quantify.
Design and development of an emission inven-
tory system is primarily the responsibility of
state air regulatory agencies.  But cooperation
and collaboration between air regulatory agen-
cies and fire managers is required to design an
effective and appropriate emission inventory
system.  Wildland fire managers should have the

knowledge and data necessary to calculate
emissions from their burn programs and be
prepared to work with the state in developing
emission inventory systems for wildland fire.

At the most basic level, estimation of wildfire
emissions requires knowledge of area burned,
fuel consumed, and a fuel-appropriate emission
factor.  The estimate of emissions is made
through simple multiplication of area burned
(acres or hectares) times fuel consumed (tons per
acre or kilograms per hectare) times an emission
factor assigned with knowledge of the fuel type
(lbs/ton or g/kg) (figure 11.1).  Resulting emis-
sions are in tons or kilograms.

Greater accuracy, precision, and complexity can
be achieved through increasingly detailed knowl-
edge of these basic parameters.  For example,
area burned is estimated pre-burn in many
existing reporting systems; if area burned is
reassessed post-burn the accuracy of the emis-
sion inventory will increase.  Accuracy and
precision will also be improved if fuel consumed
can be estimated with knowledge of pre-burn
loading and consumption of fuels in each of
many possible categories based on fuel type,
size, and arrangement; and with knowledge of
fuel moisture conditions, weather parameters,
and application of emission reduction tech-
niques.  A more precise emission factor can be
assigned with knowledge of burning conditions
that can shift fuel consumption from the less
efficient smoldering combustion phase into the
more efficient flaming phase (figure 11.2).
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Figure 11.1. Basic information components needed to estimate the quantity of
emissions from an individual wildland burn and compile an emissions inventory.

Figure 11.2. Detailed information about fuel loading and consumption by size class plus information to predict
consumption by phase of combustion can increase the accuracy and precision of estimates of emissions from
prescribed wildland fire for an emissions inventory (Modified from Sandberg [1988]). The ranges given in the
figure cover the majority of fuel loading and consumption situations in wildland fuels but do not define the
extremes. Numerous exceptions could likely be found in practice.
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Sources of Prescribed Burning
Activity Level Information

States with incomplete or no centralized burn
reporting requirements will need to go to the
burners themselves to quantify activity level.
Federal agencies generally keep fairly accurate
records of burning accomplished in a given time
period and can also provide estimates of wildfire
acres.  Federal agencies that may need to be
contacted in a given state or area include the
Bureau of Land Management, Bureau of Indian
Affairs or individual Tribes, National Park
Service, Forest Service, and Fish and Wildlife
Service.  In some areas other federal agencies
may need to be contacted.  Such as the Depart-
ment of Energy, Department of Defense, Natural
Resources Conservation Service, Agricultural
Research Service, U.S. Geological Survey, or
the Department of Reclamation along with
managers of National Preserves and National
Monuments.

Specific state agencies with a forestry, wildlife,
conservation, or natural resource management
mandate are another source of activity level
information.  They may use prescribed burning
themselves and may compile burning statistics
for state lands and sometimes also for private
lands.  Private land owners, especially those
managing timber-lands should be contacted as
should The Nature Conservancy and the
Audubon Society.

In some areas, especially where prescribed
wildland burning is infrequent, the only source
for activity level information may be a gross
estimate for all prescribed fires for an entire
state or area.  This can sometimes be obtained
from a single federal or state agency, or some-
times from an academic institution.

Type of Burn

Prescribed burning can be divided into catego-
ries depending on the arrangement of the fuels.
Fuel arrangement can help predict total fuel
consumption and the proportion consumed in
the flaming vs. smoldering phases.  Broadcast
burning refers to fuels burned in place.  This
term can be used to describe natural woody
fuels scattered under a stand of trees, woody
debris scattered at random after a timber sale,
brush burned in place, or grass.  Fuels can also
be concentrated into piles before burning.  In
addition to pile and broadcast burning, other
general prescribed-fire-type categories that may
be used include range, windrow, right-of-way,
spot, black line, jack-pot, and concentration.
Knowledge of the type of burn is valuable for
estimating emissions as it can affect the accu-
racy and correct interpretation of estimates of
area burned, fuel consumed, and assignment of
an appropriate emission factor.

Area Burned

Area burned is generally the easiest parameter to
obtain from fire managers.  One caution is that
area burned is often estimated prior to pre-
scribed burning and not updated with the results
of the burn, which may be smaller or larger (in
the case of an escaped fire) than originally
estimated.  Also, area burned may reflect the
area treated or the area within the wildland fire
perimeter, rather than the area actually black-
ened by fire.  The wildland fire perimeter may
be considerably larger than the area actually
blackened by fire.  For example, a study of the
Yellowstone fires of 1988 found that about 65%
of the wildfire perimeter area within the park
was actually blackened (Despain and others
1989), the remaining 35% was in unburned
islands.  In the case of prescribed fire, land
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managers may consider a larger area to have
been treated or to have benefited by the fire than
was actually blackened by flames.  Compiling
an accurate emission inventory requires actual
acres (or hectares) blackened for an accurate
estimate of emissions.  Caution should be used
with estimates of area burned, as this parameter
is more prone to systematic overestimation than
any other component of emissions estimation.

Fuel Consumed

Fuel consumed is generally estimated via a two-
step process; first fuel loading is estimated, then
a percent consumption is applied to calculate
fuel consumed.  At the most basic level, a single
value for both total fuel loading and consump-
tion can be used (for example 20 tons of fuel of
which 50 percent consumed).  In reality, a
fuelbed is a complex mix of various sizes of
woody fuels (tree boles, branches, and twigs),
needle and/or leaf litter, decayed and partly
decayed organic matter and rotten material
(generally called duff or rot), and live fuels like
brush, forbs, and grass.  Each of these fuelbed
components contributes to the total loading and
is consumed to a greater or lesser extent.  For
example 100 percent of woody fuels less than 1
inch in diameter may burn whereas just 30
percent of those greater than 3 inches in diam-
eter burn.  In addition, some emission reduction
techniques are specific by fuelbed component.
Use of a single estimate of total fuel loading and
consumption will fail to capture this.  To gain
accuracy in the emissions inventory and the
ability to track the use and effectiveness of
emission reduction techniques, further detail
concerning fuel loadings by fuelbed component
would ideally be tracked.

One simple method for obtaining a gross esti-
mate of fuel loading is through the use of stan-

dardized fuel models.  The most widely used
example is the array of National Fire Danger
Rating System (NFDRS) fuel models (Deeming
and others 1977).  These 20 models are stan-
dardized descriptions of different fuel types that
can be used with some applicability to virtually
all wildlands in the US.  The NFDRS fuel
models were designed as predictors of fire
danger rather than to characterize the wide
range of potential wildland fuel loadings as
would be ideal for compilation of an emissions
inventory.  Another commonly used set of fuel
models is based on predicting fire behavior.
Thirteen fire behavior fuel models are described
in Anderson (1982).  Since both the NFDRS
and fire behavior fuel models were designed for
purposes other than accurate fuel loading
estimation, these models should be used with
caution.  In addition, the use of standardized
fuel models to estimate fuel loading means that
efforts to reduce fuel loading for emission
reduction purposes prior to prescribed burning
cannot be tracked or reflected in the emissions
inventory.

Other more detailed standardized fuel models
called fuel characteristic classes (FCC’s) are
under development (Sandberg and others 2001)
that are expected to greatly improve fuel load-
ing estimates when they reach widespread use.
It is estimated that there will be a core set of 48
to 64 FCC’s in common usage with as many as
10,000 available in total describing the vast
range of fuel types and conditions that can exist
in wildlands across the country.

The most accurate method of estimating fuel
loading is to have fire managers measure it in
the field.  Field estimation also enables
reflection of the effect of emission reduction
techniques on fuel loading.  The most accurate
method of estimating fuel consumption is
through modeling (field measurement being
unreasonably difficult in virtually all cases).  In
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the west, two fuel consumption models are
commonly used for this:  the First Order Fire
Effects Model (FOFEM) (Reinhardt and others
1997) and Consume (Ottmar and others 1993).
These two models can provide very good esti-
mates of fuel consumption if some basic knowl-
edge of factors influencing fuel loading and
moisture are known.

Estimating fuel loading and consumption for
wildfire is much more difficult than for pre-
scribed fire.  For one thing, large wildfires often
burn through many different fuel types where
fuel loading can range from just a couple of tons
per acre to over 100 tons per acre.  Also, the
science of predicting fuel consumption and
emissions from a fire burning in tree crowns is
extremely weak.  The fuel type available from
wildfire report forms is generally for the point
of ignition rather than a reflection of fuel on
the majority of acres burned.

Emission Factors

Wildland and prescribed-fire emission factors
are contained in the EPA document AP-42 (EPA
1995) and in table 5.1 in the Smoke Source
Characteristics chapter.  Accuracy may be
gained in an emissions inventory through
knowledge of the portion of fuel consumed in
the two primary consumption phases:  flaming
and smoldering.  Flaming consumption emits far
less emissions per unit of fuel consumed than
smoldering consumption.  Estimation of the
flaming vs. smoldering ratio can be obtained
through fuel consumption modeling and with
knowledge of some influencing factors such as
rate of ignition, fuel moisture conditions, and
days since rain.

Federal Agency Reporting

The Forest Service, Bureau of Land Manage-
ment, Fish and Wildlife Service, National Park
Service, and Bureau of Indian Affairs all have
mandatory reporting requirements for wildland
and prescribed fires although at present, they are
all somewhat different.  These reports contain
some of the basic information needed to com-
pile an emissions inventory.  Within the next
couple of years, all federal agencies will be
moving toward a consolidated fire reporting
database through implementation of the Federal
Fire Policy.

Record keeping by state and private landowners
is much more variable and may or may not be
available to states wishing to compile an emis-
sions inventory.

Forest Service

Forest Service forms FS-5100-29 (wildland
fire) and FS-5100–29T (prescribed fire) require
some of the basic inputs needed to compile an
emissions inventory.  The wildland fire report
form requires reporting of acres burned within
the fire perimeter regardless of landowner plus
National Fire Danger Rating System (NFDRS)
fuel model.  It is significant to note that the
instructions for estimating acres (USDA Forest
Service 1999) specify reporting of all acres
within the fire perimeter, unfortunately this
value is not likely to equal acres blackened by
fire.  The number of acres blackened will
always be less than the number of acres within
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the fire perimeter so use of this value without
some adjustment will result in a serious
systematic overestimation of acres actually
burned and therefore of smoke produced.  The
NFDRS fuel model reported is the one in which
the fire was burning at the time and place where
another required element, the fire intensity
level, was observed so it may or may not be
representative of the majority of acres burned.
Individual fire reports are collected throughout
the year and can be analyzed through an elec-
tronic system called FIRESTAT (USDA Forest
Service 1999).

Data collected by the Forest Service about
prescribed burning that is useful for compiling
an emissions inventory includes the prevailing
NFDRS fuel model; the total acres plus the
percent of acres burned; the preburn loading of
dead fuels 0-3 inches in diameter; 3+ inches in
diameter, and live; and the percent of these fuels
that consumed.  The prescribed fire report
allows more accurate estimation of emissions
since the percent of acres burned is reported and
fuel loading and consumption is estimated in
three categories.  The Forest Service reporting
system does not include estimates of duff
consumption which can contribute as much as
50 percent of the emissions from a prescribed
burn in certain areas under dry conditions,
though is generally much less than that.

Fish and Wildlife Service

The Fish and Wildlife Service also has manda-
tory fire reporting requirements and uses a
system called the Fire Reporting System (FRS)
for data collection.  The FRS requires reporting
of project area size plus the actual burned area
or acres blackened for both wildland and pre-
scribed fire.  It also allows multiple entries for
NFDRS fuel model and links a specific area
burned to each.  Fuel loading is assigned based

on NDFRS defaults in seven categories: dead
woody fuels of diameter 0-1/4”, 1/4-1", 1-3",
3+; herbaceous; live woody; and duff.   Users
then specify percent consumption for each
fuelbed category.  Custom fuel models may also
be defined.  Data collected as part of the FRS
provides very good information for estimating
emissions from both wildland and prescribed
fire on Fish and Wildlife Service burns though
this is a very small part of total burning in most
areas of the country with notable exceptions in
the Southeastern states and Alaska.

Bureau of Land Management

The BLM reporting requirements include
estimation of area burned for wildland and
prescribed fire, less any unaltered areas as an
estimate of acres blackened.  The fire behavior
fuel model that best represents the fuels in the
burn area is required as is the NFDRS fuel
model in the vicinity of the fire origin.  The
model representing fuels in the burn area is
more appropriate for emissions estimation.  In
addition, for prescribed fire up to two fire-
behavior fuel models can be selected and the
percent of the burned area assigned.  Fuel
loading (tons per acre) and consumption (per-
cent) can be reported in each of six fuel size
classes:  0-1", 1.1-3", 3.1-9", greater than 9",
shrub and herb, and litter and duff.  If actual
field data for fuel loading and consumption is
not available, the most appropriate standard fuel
loading and consumption range can be selected.
Fuel loads can be assigned as light, average, or
heavy for the fire behavior fuel model type and
fuel consumption can be assigned as light,
average, or heavy making some customization
of the standard fuel models possible.   The BLM
reporting system also accommodates the unique
requirements of estimating loading and con-
sumption of prescribed burning of debris piles.
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National Park Service

The NPS has mandatory fire reporting require-
ments but the information collected is of little
use for emissions estimation, especially for
wildland fire.  For wildland fires, acres burned is
required but the instructions don’t specify
whether perimeter acres or acres blackened is to
be reported.  The only required description of
vegetation assigns one of three categories:
commercial forest land, non-commercial forest
land, or non-forest watershed which provides
little or no information for estimating fuel
loading and consumption.  There is an optional
field for input of NFDRS fuel model but how
often this is used is unknown.  Prescribed fire
and wildland fire for resource benefit requires
input of both NFDRS fuel model and a fire
behavior fuel model.

Bureau of Indian Affairs

Fire reporting requirements for the BIA are
similar to those for the NPS (see discussion
above).  One minor difference exists in the
reporting of prescribed and wildland fire for
resource benefits, where a fire behavior model
may be input (but is not required).  Further, a
fire danger rating (NFDR) fuel model cannot be
input.

Choosing the Appropriate
Accuracy and Precision in an
Emissions Inventory

The appropriate accuracy and precision for a
state emissions inventory should be designed
through analysis of the importance of the source

in the affected area (sub-state, state, or multi-
state area).  Variables influencing the impor-
tance of prescribed burning as a source can be
assessed through addressing issues such as:

• whether there are current impacts from
prescribed fire or wildfire smoke,

• the aggressiveness of state goals for
emission reduction and air quality im-
provement,

• the trend in burning in the local area and
the rate of increase or decrease,

• a professional or financial motivation by
burners to track and/or reduce emissions,

• the need to associate wildland fire emis-
sions with specific air pollution episodes.

Tables 11.1 and 11.2 summarize information
needed for a prescribed burning emissions
inventory and for a wildland fire emissions
inventory.  Each table lists the categories of
information needed to inventory emissions,
proposes a minimum requirement for a basic
inventory, and lists options for increasing the
accuracy and precision of the inventory which
may be desirable if wildland fire in the area of
interest is of concern or controversial.1

Data requirements for producing an emissions
inventory for either prescribed burning or
wildland burning are very similar.  They both
require information about the time period of the
burn, the location, the area actually burned, a
description of the fuelbed, how much fuel
burned, and site specific information for assign-
ing an emission factor.  A prescribed burning

___________________________________

1  Sandberg, David, V.; Peterson, Janice. 1997.  Emission inventories for SIP development. An unpublished technical support
document to the EPA Interim Air Quality Policy on Wildland and Prescribed Fires.  August 15, 1997.  (Available from the authors or
online at http://www.epa.gov/ttncaaa1/faca/pbdirs/eisfor6.pdf ).
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emissions inventory includes extra information
about the type of burn or fuelbed arrangement
plus the purpose of the burn.  These are optional
data items that may be useful in some cases.  A
wildland burning emissions inventory includes
information about the control strategy used to
fight the fire.
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Smoke Management Program
Administration and Evaluation

Peter Lahm

Smoke management program administration can
range from activities conducted at the local burn
program level to a multi-state coordinated effort
to manage smoke.  The EPA Interim Air Quality
Policy on Wildland and Prescribed Fires (In-
terim Policy) (EPA 1998) recommends that
smoke management programs be administered
by a central authority with clear decision-
making capability.  As smoke management
programs range from voluntary efforts to man-
datory regulatory driven programs, the adminis-
tration will vary accordingly1.  On the more
local level, the programs may be administered
by a group of land managers or private land-
holders seeking to coordinate burning efforts to
avoid excessive smoke impacts.  Mandatory
regulatory driven smoke management programs
tend to be administered by tribal/state/district air
quality regulatory agencies or state forestry
entities.  The administration of smoke manage-
ment programs allows for a number of different
approaches to meet EPA objectives and to
maintain cooperative and interactive efforts to
manage the dual objectives of good air quality
and land stewardship.

The Interim Policy also recommends periodic
evaluation of smoke management programs to

ensure that air quality objectives are being met.
From the land management point of view, these
same reviews are critical to assessing whether
land management objectives are being met
under the smoke management program.  EPA
also recommended periodic evaluation of smoke
management rule or regulation effectiveness as
part of its Interim Policy.  For programs that are
under scrutiny by a concerned public or are
growing rapidly, continuous evaluation should
also be considered.  All smoke management
efforts—from formal interagency smoke man-
agement plans to less structured efforts to
address smoke from individual fire operations—
can benefit from continuous and periodic evalu-
ation.  If a smoke management program changes
size, jurisdiction, or regulatory responsibilities,
the level of effort applied to managing smoke
should also change.  To keep a program ahead of
growing air quality concerns, a continuous effort
to evaluate smoke management effectiveness is
useful.  This evaluation is also critical for local
unit programs that are under formal state or
tribal smoke management plans.  The evaluation
process has applicability to all types of fire,
including wildland fire under suppression,
wildland fire use and prescribed fire.

1  Examples of specific state smoke management programs are provided in chapter 4, section 4.2.
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Smoke Management Program
Administration

Administration of a smoke management pro-
gram is frequently a function of the size of the
burn program using a metric such as acres
burned or emissions generated, coupled with the
complexity of the local air quality issues.  Fire
programs located in areas that are not rife with
Class I areas, PM10 non-attainment areas, or
smoke-sensitive transportation corridors are
commonly under voluntary smoke management
programs and may be locally administered.
These types of programs may be focused on
concerns of local area impacts such as nuisance
or transportation safety and can be well ad-
dressed through local level coordination among
burners.  State forestry agencies and their
respective districts are frequently central points
for dissemination of information; many ex-
amples of this type of program can be found in
the southeastern states.

As air quality complexity rises with potential
smoke impacts on non-attainment areas or Class
I areas, legal requirements also rise, and fre-
quently trigger a more centralized regulatory-
based smoke management program.  Attendant
with the increased program requirements is the
commensurate increased cost of the program.
Direct costs of smoke management program
administration are frequently recovered through
the charging of fees to burners.  Fees are fre-
quently based on emissions production or
tonnage of material to be consumed and are
used to offset an authority’s program adminis-
tration costs.  The increased indirect cost of
frequent reporting requirements and other
permitting tasks such as modeling of impacts
and smoke management plan preparation are
frequently overlooked.  The most common
centralized program approach is administered
by the state or tribal air quality authority and

can be found in such states as Colorado.  States
such as Florida and Oregon have opted to use
their forestry agencies to help directly manage
their smoke management programs.  Oversight
by the respective air quality regulatory authority
is usually a part of such a program.  There is an
option for interagency approaches to smoke
management program administration.  This
approach blends the lines between air quality
regulatory agencies and land managers.  Person-
nel from a land management agency may be
out-stationed to the respective air quality regula-
tory authority to assist in the smoke manage-
ment program administration.  The states of
Utah and Arizona use this approach respectively
and have avoided program management fees in
this fashion.  This approach can also foster good
inter-agency communication and development
of joint air quality and land management objec-
tives for smoke management programs.

The future of smoke management program
administration will be a reflection of the imple-
mentation of the Regional Haze Rule (40 CFR
Part 51), which creates a paradigm in which air
quality impacts are viewed in a regional sense
rather than by locality or state.  Tribal smoke
management programs are being rapidly devel-
oped and will help support this regional ap-
proach.  The establishment of multi-state smoke
management jurisdictions is rapidly becoming a
reality with a joint effort by Idaho and Montana
being a recent example.  The PM2.5 and ozone
standards will also support this type of approach
as the impacts of smoke are viewed as a long-
range transport issue.  The inclusion of all
sources of fire emissions, such as agricultural
burning and wildland burning, into a singular
smoke management program is also a future
direction in these programs, and can already be
found in the Title 17 Rule in California.
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Evaluation of Smoke
Management Programs

Size of Program — In lieu of any other param-
eter that can describe the activity level of a burn
program, the number of acres can be used to
trigger level of effort for smoke management
and subsequent evaluation of smoke effects.  As
mentioned elsewhere, the representation of fire
activity in terms of emissions is more effective
for air quality purposes.  In lieu of emissions,
fire size and fuel type can be used for triggering
different smoke management requirements.
Small burns located in remote areas with low
emissions may not dictate any evaluation greater
than tracking the activity level and date of burn.
However, more complex situations such as a
burn of several days’ duration with heavy
emissions located in the wildland/urban inter-
face should be tracked more extensively for
smoke management effectiveness.  This same
complex situation may track the effectiveness of
emission reduction practices.   It may be benefi-
cial if the criteria are established in consultation
with the local or state air regulatory agency.  For
federal agencies, these criteria can also be
linked to the management plan’s monitoring
program.  A post burn analysis of the smoke
management plan and the burn’s smoke effects
can be extremely valuable to all concerned
parties.

Intensity and Duration of Smoke Effects —
The intensity and duration of smoke impacts are
critical parameters that can represent a variety of
smoke management effectiveness measures.
Duration of smoke impacts upon the public, a
non-attainment area, a transportation corridor or
Class I area can be tracked and assessed through
direct air quality monitoring.2  The public can be
tolerant of one day of heavy levels of smoke,
however consecutive day impacts may lead to a
rash of complaints.  The criteria for evaluating a

program may be to assess the number of con-
secutive days/hours of impact to a specific area.
The intensity level of smoke impact also plays a
role, as short bursts of high levels of smoke
punctuated by clear air is frequently tolerable by
receptors.  An application of this type of criteria
exists in Oregon where number and intensity of
smoke intrusions is tracked annually.  This type
of criteria is applicable to individual incidents as
well.

Methods of tracking the intensity and duration
of smoke impact include:

• Number and type of public complaints
(citizen, doctor, hospital, etc.);

• Intrusion of smoke into designated smoke
sensitive areas through specific air quality
measurement;

• Violations or percent increase of criteria
pollutants attributable to smoke;

• Visibility impacts (local and regional).

As the National Ambient Air Quality Standards
(NAAQS) include both short term and annual
standards, the full impact of smoke on the
NAAQS may not be readily determined until
well after the burn season is completed, which
further supports the importance of incorporating
evaluation into a smoke management program.
Impacts on visibility were previously viewed on
an annual basis, however that has changed to
tracking impacts on Class I areas to determine
effects on the 20% clearest and 20% dirtiest
days.  These methods for tracking and evalua-
tion should be established prior to the event or
as part of the overall smoke management pro-
gram as they can take significant planning or
coordination.  Pre-planning for the air quality
element of the Wildland Fire Situation Analysis
used by federal agencies for wildland fires
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(USDI and USDA Forest Service 1998) can also
be beneficial as the public, air quality regulatory
community, and land management entity has the
opportunity to increase acceptance of smoke
effects.

The evaluation criteria should be as quantitative
as possible in light of the complexity of the burn
or program and the air quality concerns of the
area.  Proximity to non-attainment or Class I
areas should automatically trigger some pro-
grammatic evaluation.  Visibility should be
considered in terms of plume blight, regional
haze and impacts on safety (transportation).
Conversely, a small incident with a small quan-
tity or short duration of emissions in an area
with few air quality concerns should not warrant
extensive programmatic or individual incident
evaluation effort.  Again, advance coordination
with concerned parties can help determine this
varying level of effort.

If an incident or program results in a smoke
intrusion above a pre-defined level such as
number of complaints or presence of smoke in
an avoidance area, the cause should be evaluated
as soon as possible.  The breakdown of the
smoke management plan for an incident is
equivalent to the breakdown of the fire behavior
prescription for the burn.  Smoke management
contingency programs are another element of a
smoke management program included in the
Interim Policy (EPA 1998).  Factors such as
weather/smoke dispersion forecasting or fuel
condition changes can lead to such a smoke
intrusion and need to be evaluated quickly
following a failure of the system in order to be
addressed in a proactive fashion.  Determination
of what caused the adverse air quality impact
allows for growth of the program through
implementation of changes to avoid future
recurrence.  If a program or incident was con-
ducted such that no smoke criteria were ex-
ceeded, evaluation of the factors which led to

success are also valuable in building confidence
among cooperating parties.  The development of
an annual report which outlines the air quality
effects of a burning program or the smoke
management program demonstrates the commit-
ment to addressing both land management and
air quality objectives and can show significant
and useful trends to concerned parties.  The
knowledge that smoke impacts are being ad-
dressed effectively in terms of specific criteria is
valuable when working with the concerned
public and media.

Sources for Evaluation — Evaluation can be
the assessment of air quality monitoring data
collected by the land manager or utilization of
existing air quality networks as operated by a
regulatory agency (state/district/county/EPA/
tribe).  The meteorological conditions under
which burns occur is another criteria that can be
evaluated to help assess the smoke management
program.  For complex smoke areas, the use of
digital camera points could allow distribution of
the real-time images over the Internet to con-
cerned parties, including the public.  The con-
cerned public can also be directly queried as to
the level of smoke levels and duration of effects.

Annual Evaluation — One of the most effec-
tive means of evaluating the smoke management
program is to hold periodic meetings amongst
the concerned parties such as the burners,
regulators and potentially-concerned public.
The frequency of such reviews should depend
on the air quality complexity and smoke im-
pacts.  Many statewide smoke management
programs meet annually to review the years’
activities, successes and problems.  These
meetings could include review of activity/
emissions of burners, record-keeping efforts,
effects tracked through the previously men-
tioned methods, and discussion of program
logistics and costs.  This same review meeting is
also an opportune time to plan for future
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changes, discuss emerging issues, and conduct
training if needed. The Interim Policy (EPA
1998) also urges such an evaluation process
occur annually.  These annual sessions may be
an effective way of addressing an Interim Policy
goal of assessing the adequacy of the rules and
regulations pertaining to smoke management for
a respective state, tribe or other managing entity.
Reflecting the state of the smoke management
program, whether statewide or at the land
manager level, through the issuance of an
annual program report on smoke management
can be another technique for assessing the
program and informing the public of the invest-
ment into smoke management.

Continuous Evaluation — If a specific inci-
dent were to have significant adverse effects, it
might trigger immediate review to prevent a
repeat occurrence.  This immediate incident
assessment can be an effective way of address-
ing pressing public concerns that may have
arisen due to the impacts.  During a wildland
fire use incident, daily conference calls amongst
the land manager and the regulatory agencies
which discuss acres/fuels/emissions or qualita-
tive smoke behavior can be very effective at
addressing smoke concerns.  This real-time
evaluation can prevent conflict over smoke
impacts and can ensure accurate information be

provided to the public as well as incorporated
into the message transmitted to the media by the
respective agencies.

Incident debriefings should consider air quality
effects and how they were addressed.  In wild-
land fire use, there is a continuous evaluation of
air quality as part of the Wildland Fire Situation
Analysis (USDI and USDA Forest Service
1998).  Establishment of criteria for evaluation
of air quality effects prior to the actual event or
implementation of a program can allow for
greater buy-in by potentially affected parties
when the fire occurs.  Criteria for evaluation
should also include indicators of success.
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Appendix A

Glossary of Fire and Smoke
Management Terminology

The terms listed below were either taken from existing glossaries or developed specifically for this
Guide.  Where terms were taken from an existing glossary or document, the source reference is indexed
in brackets (e.g. [source number]), with full reference citations provided at the end of the glossary.
Note: Although the referenced definitions in this glossary were taken from other sources, the editors
have revised or changed many of them from their original version.

Absorption coefficient A measure of the ability of particles or gases to absorb photons; a num-
ber that is proportional to the number of photons removed from the sight
path by absorption per unit length. (See Extinction coefficient). [2]

Activity fuel Debris resulting from such human activities as road construction, log-
ging, pruning, thinning, or brush cutting.  It includes logs, chunks, bark,
branches, litter, stumps, and broken understory trees or brush.

Activity level Fuels resulting from, or altered by, forestry practices such as timber
harvest or thinning, as opposed to naturally created fuels. [1]

Adiabatic lapse rate Rate of decrease of temperature with increasing height of a rising air
parcel without an exchange of heat at the parcel boundaries.  (See Dry
adiabatic lapse rate, Saturated adiabatic lapse rate, and Atmospheric
stability).

Advection The transfer of atmospheric properties by the horizontal movement of air,
usually in reference to the transfer of warmer or cooler air, but may also
refer to moisture. [1]

Aerial ignition Ignition of fuels by dropping incendiary devices or materials from air-
craft. [1]

Aerosol A suspension of microscopic solid or liquid particles in a gaseous me-
dium, such as smoke and fog. [2]
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Air mass An extensive body of air having similar properties of temperature and
moisture. [1]

Air pollution The general term referring to the undesirable concentration of substances
(gases, liquids, or solid particles) to the atmosphere that are foreign to the
natural atmosphere or are present in quantities exceeding natural concen-
trations. [1]

Air quality The composition of air with respect to quantities of pollution therein;
used most frequently in connection with “standards” of maximum ac-
ceptable pollutant concentrations. [1]

Allowable emissions The emissions rate that represents a limit on the emissions that can occur
from an emissions unit. This limit may be based on a federal, state, or
local regulatory emission limit determined from state or local regulations
and/or 40 Code of Federal Regulations (CFR) Parts 60, 61, and 63. [3]

Ambient air Any unconfined portion of the atmosphere: open air, surrounding air. [4]

Ambient standards Specific target threshold concentrations and exposure durations of pollut-
ants based on criteria gauged to protect human health and the welfare of
the environment. Ambient standards are not emissions limitations on
sources, but usually result in such limits being placed on source operation
as part of a control strategy to achieve or maintain an ambient standard.
[3]

Anthropogenic Produced by human activities. [2]

Area sources A source category of air pollution that generally extends over a large
area.  Prescribed burning, field burning, home heating, and open burning
are examples of area sources. [1]

Atmospheric inversion (1) Departure from the usual increase or decrease with altitude of the
value of an atmospheric property (in fire management usage, nearly
always refers to an increase in temperature with increasing height).  (2)
The layer through which this departure occurs (also called inversion
layer). The lowest altitude at which the departure is found is called the
base of the inversion.  (See Atmospheric stability; Temperature inversion;
Mixing height; Mixing layer; Stable atmosphere; Unstable atmosphere;
Subsidence inversion) [1]
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Atmospheric pressure The force exerted by the weight of the atmosphere, per unit area. At sea
level the atmospheric pressure fluctuates around 1013 millibars (mb).  At
5,000 feet (~1,500 m) above sea level the atmospheric pressure fluctuates
around 850 mb. (See Standard atmosphere).

Atmospheric stability The degree to which vertical motion in the atmosphere is enhanced or
suppressed. (See Atmospheric inversion; Temperature inversion; Mixing
height; Mixing layer; Stable atmosphere; Unstable atmosphere). [1]

Attainment Area An area considered having air quality as good as or better than the Na-
tional Ambient Air Quality Standards (NAAQS) as defined in the Clean
Air Act.  Note that an area may be in attainment for one or more pollut-
ants but be a nonattainment area for one or more other pollutants. (See
Non-attainment area). [3]

Avoidance A smoke emission control strategy that considers meteorological condi-
tions when scheduling prescribed fires in order to avoid incursions into
smoke sensitive areas.  [1]

Background level In air pollution control, the concentration of air pollutants in a definite
area during a fixed period of time prior to the starting up, or the stoppage,
of a source of emission under control.  In toxic substances monitoring,
the average presence in the environment, originally referring to naturally
occurring phenomena. [1]

Best Available Control An emission limitation action based on the maximum degree of
Measures (BACM) emission reduction (considering energy, environmental, and

economic impacts) achievable through application of production
processes and available methods, systems, and techniques. [4]

Burn severity A qualitative assessment of the heat pulse directed toward the ground
during a fire.  Burn severity relates to soil heating, large fuel and duff
consumption, consumption of the litter and organic layer beneath trees
and isolated shrubs, and mortality of buried plant parts. [1]

Carbon dioxide (CO2) A colorless, odorless, nonpoisonous gas, which results from fuel combus-
tion and is normally a part of the ambient air. [1]

Carbon monoxide (CO) A colorless, odorless, poisonous gas produced by incomplete fuel com-
bustion. Carbon monoxide is a criteria pollutant and is measured in parts
per million. (See Criteria pollutants).
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Carcinogen Any substance that can cause or contribute to the production of cancer.
[1]

Clean Air Act A federal law enacted to ensure that air quality standards are attained and
maintained.  Initially passed by Congress in 1963, it has been amended
several times. [1]

Combustion efficiency The amount of products of incomplete combustion released relative to
amounts produced from theoretically perfect combustion, expressed as a
dimensionless percentage.  Because perfect combustion produces only
CO2 and water, its combustion efficiency is 1.0.  In combustion of
wildland fuels, combustion efficiency can roughly range from as high as
0.95 (for flaming combustion) to as low as 0.65 (for smoldering combus-
tion).

Condensation nuclei The small nuclei or particles with which gaseous constituents in the
atmosphere (e.g., water vapor) collide and adhere. [2]

Consumption The amount of a specified fuel type or strata that is removed through the
fire process, often expressed as a percentage of the preburn weight. [1]

Convection column The rising column of gases, smoke, fly ash, particulates, and other debris
produced by a fire.  The column has a strong vertical component indicat-
ing that buoyant forces override the ambient surface wind. [1]

Convergence The term for horizontal air currents merging together or approaching a
single point, such as at the center of a low-pressure area producing a net
inflow of air.  The excess air is removed by rising air currents.  Expan-
sion of the rising air above a convergence zone results in cooling, which
in turn often gives condensation (clouds) and sometimes precipitation.
[1]

Criteria Pollutants Pollutants deemed most harmful to public health and welfare and that can
be monitored effectively.  They include carbon monoxide (CO), lead
(Pb), nitrogen oxides (NOx ), sulfur dioxide (SO2), Ozone (O3), particu-
late matter (PM) of aerodynamic diameter less than or equal to 10 mi-
crometers (PM10) and particulate matter of aerodynamic diameter less
than or equal to 2.5 micrometers (PM2.5). [3]

Deciview A unit of visibility proportional to the logarithm of the atmospheric
extinction. (See Extinction coefficient; Visibility; Visual range). [2]
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De minimis level A level of emission or impact that is too small to be considered of con-
cern.  From the Latin phrase “de minimis non curat lex,” meaning the law
is not concerned with trifles.

Dew point Temperature to which a specified parcel of air must cool, at constant
pressure and water-vapor content, in order for saturation to occur.  The
dew point is always lower than the wet-bulb temperature, which is always
lower than the dry-bulb temperature, except when the air is saturated and
all three values are equal.  Fog may form when temperature drops to
equal the dew point. (See Dry-bulb temperature; Wet-bulb temperature).
[1]

Dormant season burning Prescribed burning  conducted during the time of year when vegetation is
not actively growing. In some parts of the country, dormant season burns
are typically less intense than growing season burns.

Drift smoke Smoke that has drifted from its point of origin and is no longer domi-
nated by convective motion.  May give false impression of a fire in the
general area where the smoke has drifted. [1]

Dry adiabatic lapse rate Adiabatic cooling in a dry atmosphere.  Usually about -5.5 degrees
(DALR) Fahrenheit per 1,000 feet (~-10 degrees centigrade per kilometer).

(See Adiabatic lapse rate; Saturated adiabatic lapse rate).

Dry-bulb temperature Originally, the temperature measured with a mercury thermometer whose
bulb is dry.  Commonly it is a measure of the atmospheric temperature
without the influence of moisture.  (See Wet-bulb temperature; Dew
point).

Duff The partially decomposed organic material above mineral soil that lies
beneath the freshly fallen twigs, needles, and leaves and is often referred
to as the F (fermentation) and H (humus) layers.  Duff often consumes
during the less efficient smoldering stage and has the potential to produce
more than 50 percent of the smoke from a fire.

Ecosystem health A condition where the parts and functions of an ecosystem are sustained
over time and where the system’s capacity for self- repair is maintained,
allowing goals for uses, values, and services of the ecosystem to be met.
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Ecosystem maintenance A prescribed fire or wildland fire managed for resource benefits that is
burn utilized to mimic the natural role of fire in an ecosystem that is currently

in an ecologically functional and fire resilient condition. [5]

Ecosystem Processes The actions or events that link organisms and their environment, such as
predation, mutualism, successional development, nutrient cycling, carbon
sequestration, primary productivity, and decay. Natural disturbance
processes often occur with some periodicity

Ecosystem Restoration The re-establishment of natural vegetation and ecological processes that
may be accomplished through the reduction of unwanted and/or unnatu-
ral levels of biomass. Prescribed fires, wildland fires managed for re-
source benefits and mechanical treatments may be utilized to restore an
ecosystem to an ecologically functional and fire resilient condition. [5]

Extinction coefficient A measure of the ability of particles or gases to absorb and scatter pho-
tons from a beam of light; a number that is proportional to the number of
photons removed from the sight path per unit length. (See Absorption
coefficient; Deciview; Visibility; Visual range). [2]

Effective windspeed The mid-flame windspeed adjusted for the effect of slope on fire spread.
[1]

Emission factor (EFp) The mass of particulate matter produced per unit mass of fuel consumed
(pounds per ton, grams per kilogram). [1]

Emission inventory A listing, by source, of the amount of air pollutants discharged into the
atmosphere of a community. [3]

Emission rate The amount of an emission produced per unit of time (lb./min or g/sec).
[1]

Emission reduction A strategy for controlling smoke from prescribed fires that minimizes the
amount of smoke output per unit area treated. [1]

Emission Standards A general type of standard that limit the mass of a pollutant that may be
emitted by a source. The most straightforward emissions standard is a
simple limitation on mass of pollutant per unit time (e.g., pounds of
pollutant per hour). [3]
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Extinction The attenuation of light due to scattering and absorption as it passes
through a medium. [2]

Federal Class I area In 1977, Congress identified 156 national parks, wilderness areas, inter-
national parks and other areas that were to receive the most stringent
protection from increases in air pollution. It also set a visibility goal for
these areas to protect them from future human-caused haze, and to
eliminate existing human-caused haze, and required reasonable progress
toward that goal. [5]

Fine fuel moisture The moisture content of fast-drying fuels that respond to changes in
moisture within 1 hour or less; such as, grass, leaves, ferns, tree moss,
pine needles, and small twigs (0-1/4" or 0.0-0.6 cm). (See Fuel moisture
content; One-hour timelag fuels). [1]

Fire-adapted ecosystem An ecosystem with the ability to survive and regenerate in a fire-prone
environment.

Fire-dependent An ecosystem that cannot survive without periodic fire.
ecosystem

Fire exclusion The policy and practice of eliminating fire from an area to the greatest
extent possible, through suppression of wildland fires and a lack of fire
use.

Fire regime Periodicity and pattern of naturally occurring fires in a particular area or
vegetative type, described in terms of frequency, biological severity, and
area extent. [1]

Fire regime groups Classes of fire regimes grouped by categories of frequency (expressed as
mean fire return interval) and severity.  Refers specifically to five groups
used in Federal policy and planning: 0-35 years, low severity; 0-35 years,
stand replacement; 35-100 years, mixed severity; 35-100 years, stand
replacement; 200+ years, stand replacement. (See Fire return interval;
Fire regime).

Fire return interval Mean fire return interval. A mean, area-weighted time (in years) between
successive fires for a respective area (i.e., the interval between two
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successive fire occurrences); the size of the area must be specified.

Fire severity (See Burn severity.)

Fire use The combination of wildland fire use and prescribed fire application to
meet resource objectives. [6]

Fireline intensity The rate of heat release per unit time per unit length of fire front.  Nu-
merically, it is the product of the heat yield, the quantity of fuel con-
sumed in the fire front, and the rate of spread. [1]

Flaming combustion Luminous oxidation of gases evolved from the rapid decomposi-
phase tion of fuel.  This phase follows the pre-ignition phase and precedes the

smoldering combustion phase, which has a much slower combustion rate.
Water vapor, soot, and tar comprise the visible smoke.  Relatively effi-
cient combustion produces minimal soot and tar, resulting in white
smoke; high moisture content also produces white smoke. (See Soot;
Smoldering combustion phase).  [1]

Forest floor material Surface organic material, including duff, litter, moss, peat, down-dead
woody pieces.

Forest residue Accumulation in the forest of living or dead (mostly woody) material that
is added to and rearranged by human activities such as harvest, cultural
operations, and land clearing. (See Activity fuel). [1]

Fuel loading The amount of fuel present expressed quantitatively in terms of weight of
fuel per unit area.  This may be available fuel (consumable fuel) or total
fuel and is usually dry weight. [1]

Fuel moisture content The quantity of moisture in fuel expressed as a percentage of the weight;
derived by weighing fuel sample both before and after thorough drying at
(nominally) 212 degrees F (100 degrees C). (See Fine fuel moisture). [1]

Fuel reduction Manipulation, including combustion, or removal of fuels to reduce the
likelihood of ignition and/or to lessen potential damage and resistance to
control. [1]

Fuel size class A category used to describe the diameter of down dead woody fuels.
Fuels within the same size class are assumed to have similar wetting and
drying properties, and to preheat and ignite at similar rates during the
combustion process. [1]
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Fuel treatment Manipulation or removal of fuels to reduce the likelihood of ignition and/
or to lessen potential intensity, rate of spread, severity, damage, and
resistance to control.  Examples include lopping, chipping, crushing,
piling and burning. [1]

Fuel type An identifiable association of fuel elements of distinctive species, form,
size, arrangement, or other characteristics that will cause a predictable
rate of spread or resistance to control under specified weather conditions.
[1]

Glowing combustion Oxidation of solid fuel accompanied by incandescence.  All
phase volatiles have already been released and there is no visible smoke.  This

phase follows the smoldering combustion phase and continues until the
temperature drops below the combustion threshold value, or until only
non-combustible ash remains. (See Combustion; Flaming combustion
phase; Smoldering combustion phase). [1]

Growing season burning Prescribed burns conducted during the time of year when vegetation is
actively growing, or when leaves have matured but not fallen.

Hazard reduction Any treatment of living and dead fuels that reduces the threat of ignition
and spread of fire. [1]

Haze A sufficient concentration of atmospheric aerosols to be visible. The
particles are so small that they cannot be seen individually, but are still
effective in visual range restriction. (See Visual range; Extinction; Ab-
sorption coefficient; Regional haze). [2]

Heat release rate (1) Total amount of heat produced per unit mass of fuel consumed per
unit time.  (2) Amount of heat released to the atmosphere from the
convective-lift fire phase of a fire per unit time. [1]

Hydrocarbons Compounds containing only hydrogen and carbon. [2]

IMPROVE Interagency Monitoring of Protected Visual Environments. A cooperative
visibility monitoring effort, using a common set of standards across the
United States, between the EPA, Federal land management agencies, and
state air agencies. [5]
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Integrating nephelometer An instrument that measures the amount of light scattered (scattering
coefficient) and can be used to measure particulate matter concentrations
from fires. [2]

Inversion (See Atmospheric inversion) [2]

Isothermal layer A layer of finite thickness in any medium in which the temperature
remains constant.

Landscape An area composed of interacting and inter-connected ecosystems that are
repeated because of the geology, landform, soils, climate, biota, and
human influences throughout the area. A landscape is composed of
watersheds and smaller ecosystems.

Lead (Pb) A criteria pollutant, elemental lead emitted by stationary and mobile
sources can cause several types of developmental effects in children
including anemia and neurobehavioral and metabolic disorders. Non-
ferrous smelters and battery plants are the most significant contributors to
atmospheric lead emissions. (See Criteria pollutants). [3]

Litter The top layer of forest floor, composed of loose debris of dead sticks,
branches, twigs, and recently fallen leaves or needles; little altered in
structure by decomposition. (See Duff; Forest floor material). [1]

Mass fire A fire resulting from many simultaneous ignitions that generates a high
level of energy output. [1]

Mean fire interval (See Fire return interval)

Micron Micrometer (mm)—a unit of length equal to one millionth of a meter; the
unit of measure for wavelength and also for the mean aerodynamic
diameter of atmospheric aerosols. [2]

Mixing height Measured from the surface upward, the height to which relatively vigor-
ous mixing occurs in the atmosphere due to turbulence and diffusion.
Also called mixing depth. [1]

Mixing layer That portion of the atmosphere from the surface up to the mixing height.
This is the layer of air within which pollutants are mixed by turbulence
and diffusion.  Also called mixed layer.  (See Ventilation Index). [1]
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Mopup Extinguishing or removing burning material near control lines, felling
snags, and trenching logs to prevent rolling after an area has burned, to
reduce the chance of fire spreading beyond the control lines, or to reduce
residual smoke. [1]

Mosaic The central spatial characteristic of a landscape.  The intermingling of
plant communities and their successional stages, or of disturbance (espe-
cially fire), in such a manner as to give the impression of an interwoven,
“patchy” design. [1]

National Ambient Air Maximum recommended concentrations of criteria pollutants
Quality Standards to maintain reasonable standards of air quality. (See criteria
(NAAQS) pollutants). [3]

National Wildfire National interagency operational group authorized by the U.S.
Coordinating Group  Secretaries of Agriculture and Interior and the National Associa-
(NWCG) tion of State Foresters, designed to coordinate fire management programs

of participating federal, state, local and private agencies to avoid wasteful
duplication and provide a means of constructive cooperation.

Natural background An estimate of the visibility conditions at each Federal Class I area
condition  that would exist in the absence of human-caused impairment. [5]

Nitrogen dioxide (NO2) The result of nitric oxide combining with oxygen in the atmosphere.  A
major component of photochemical smog. [1]

Nitrogen Oxide[s] (NOx) A class of compounds that are respiratory irritants and that react x with
volatile organic compounds (VOCs) to form ozone (O3). The primary
combustion product of nitrogen is nitrogen dioxide (NO2). However,
several other nitrogen compounds are 2 usually emitted at the same time
(nitric oxide [NO], nitrous oxide [NO], etc.), and these may or may not
be distinguishable in available test data. [3]

Non-attainment area An area identified by an air quality regulatory agency through ambient
air monitoring (and designated by the Environmental Protection Agency),
that presently exceeds federal ambient air standards. (See Attainment
area). [1]

Nuisance smoke The amount of smoke in the ambient air that interferes with a right or
privilege common to members of the public, including the use or enjoy-
ment of public or private resources.
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One-hour timelag fuels Fuels consisting of dead herbaceous plants and roundwood less than
about one-fourth inch (6.4 mm) in diameter.  Also included is the upper-
most layer of needles or leaves on the forest floor.  Fuel elements of this
size usually respond to changes in moisture within one hour or less,
hence the term 1-hr timelag. (See Fuel moisture content; Fine fuel mois-
ture). [1]

One-hundred-hour Dead fuels consisting of roundwood in the size range of 1 to 3
timelag fuels inches (2.5 to 7.6 cm) in diameter and very roughly the layer of litter

extending from approximately three-fourths of an inch (1.9 cm) to 4
inches (10 cm) below the surface.  Fuel elements of this size usually
respond to changes in moisture within about one hundred hours or 3 to 5
days, hence the term 100-hr timelag.  (See Fuel moisture content). [1]

One-thousand-hour Dead fuels consisting of roundwood 38 inches in diameter and the
timelag fuels layer of the forest floor more than about 4 inches below the surface.  Fuel

elements of this size usually respond to changes in moisture within about
one thousand hours or 4 to 6 weeks, hence the term 1000-hr timelag.
(See Fuel moisture content). [1]

Ozone (O3) A criteria pollutant, ozone is a colorless gas, ozone is the major compo-
nent of smog.  Ozone is not emitted directly into the air but is formed
through complex chemical reactions between precursor emissions of
volatile organic compounds (VOCs) and NOx in the presence of sunlight.
(See Criteria pollutants). [3]

Particulate matter Any liquid or solid particle.  “Total suspended particulates” as used in air
quality are those particles suspended in or falling through the atmo-
sphere.  They generally range in size from 0.1 to 100 microns. [1]

Piling-and-burning Piling slash resulting from logging or fuel management activities and
subsequently burning the individual piles. [1]

PM10 Particulate matter of mass median aerodynamic diameter (MMAD) less
than or equal to 10 micrometers. A measure of small solid matter sus-
pended in the atmosphere that can penetrate deeply into the lung where
they can cause respiratory problems. Emissions of PM10 are significant
from fugitive dust, power plants, commercial boilers, metallurgical
industries, mineral industries, forest and residential fires, and motor
vehicles. (See Criteria pollutants). [3]
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PM2.5 Particulate matter of mass median aerodynamic diameter (MMAD) less
than or equal to 2.5 micrometers A measure of fine particles of particu-
late matter that come from fuel combustion, agricultural burning,
woodstoves, etc.  Often called respirable particles, as they are more
efficient at penetrating lungs and causing damage.  (See Criteria pollut-
ants). [3]

Point sources Large, stationary, identifiable sources of emissions that release pollutants
into the atmosphere. Sources are often defined by state or local air regu-
latory agencies as point sources when they annually emit more than a
specified amount of a given pollutant, and how state and local agencies
define point sources can vary. [3]

Precursor emissions Emissions from point or regional sources that transform into pollutants
with varied chemical properties. [2]

Prescribed fire Any fire ignited by management actions to meet specific objectives.  A
written, approved prescribed fire plan must exist, and NEPA require-
ments must be met, prior to ignition.  This term replaces management
ignited prescribed fire. [6]

Prescribed natural fire Obsolete term. (See Wildland fire use) [6]

Prescription A written statement defining the objectives to be attained as well as the
conditions of temperature, humidity, wind direction and speed, fuel
moisture, and soil moisture, under which a fire will be allowed to burn.
A prescription is generally expressed as acceptable ranges of the pre-
scription elements, and the limit of the geographic area to be covered. [1]

Prevention of Significant A program identified by the Clean Air Act to prevent air quality
Deterioration (PSD) and visibility degradation and to remedy existing visibility problems.

Areas of the country are grouped into 3 classes that are allowed certain
degrees of pollution depending on their uses. National Parks and Wilder-
ness Areas meeting certain criteria are “Class I” or “clean area” in that
they have the smallest allowable increment of degradation. [1]

Reasonably Available Control measures developed by EPA that apply to residential
Control Measures wood combustion, fugitive dust, and prescribed and silvicultural
(RACM) burning in and around “moderate” PM10 nonattainment areas.  RACM is

designed to bring an area back into attainment and uses a smoke manage-
ment program that relies on weather forecasts for burn/no-burn days.
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(See Best Available Control Measures [BACM]). [1]

Regional Haze Visibility impairment caused by the cumulative air pollutant emissions
from numerous sources over a wide geographic area. (See Haze).

Relative humidity (RH) The ratio of the amount of moisture in the air, to the maximum amount of
moisture that air would contain if it were saturated. [1]

Residual combustion (See Smoldering combustion phase)
phase

Residual smoke Smoke produced by smoldering material.  The flux of smoke originating
well after the active flaming combustion period with little or no vertical
buoyancy, and, therefore, most susceptible to subsidence inversions and
down-valley flows. (See Nuisance smoke). [1]

“Right-to-burn” Law A state law that provides liability protection for prescribed burners,
providing they meet specified training and planning criteria.  The degree
of liability protection varies by state.

Saturated adiabatic Adiabatic cooling in an atmosphere that is saturated with mois-
lapse rate (SALR) ture.  Usually about -3.0 degrees Fahrenheit per 1,000 feet (~-5.5 degrees

centigrade per kilometer).  (See Adiabatic lapse rate; Dry adiabatic lapse
rate).

Scattering (light) An interaction of a light wave with an object that causes the light to be
redirected in its path. In elastic scattering, no energy is lost to the object.
[2]

Secondary aerosols Aerosol formed by the interaction of two or more gas molecules and/or
primary aerosols. [2]

Slash (see Activity fuel) [1]

Smoke concentration The amount of combustion products (in micrograms per cubic meter)
found in a specified volume of air. [1]

Smoke intrusion Smoke from prescribed fire entering a designated area at unacceptable
levels. [1]
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Smoke management The policies and practices implemented by air and natural resource
managers directed at minimizing the amount of smoke entering popu-
lated areas or impacting sensitive sites, avoiding significant deterioration
of air quality and violations of National Ambient Air Quality Standards,
and mitigating human-caused visibility impacts in Class I areas.

Smoke management A standard framework of requirements and procedures for man-
program (SMP) aging smoke from prescribed fires, typically developed by States or

Tribes with cooperation from stakeholders.

Smoldering combustion Combined processes of dehydration, pyrolysis, solid oxidation,
phase and scattered flaming combustion and glowing combustion, which occur

after the flaming combustion phase of a fire; often characterized by large
amounts of smoke consisting mainly of tars.  Emissions are at twice that
of the flaming combustion phase. (See Combustion; Flaming combustion
phase, Glowing combustion phase). [1]

Soot Carbon dust formed by incomplete combustion. [4]

Stable atmosphere A condition of the atmosphere in which vertical motion in the atmo-
sphere is suppressed.  Stability suppresses vertical motion and limits
smoke dispersion.  In a stable atmosphere the temperature of a rising
parcel of air becomes cooler than its surroundings, causing it to sink back
to the surface.  Also called stable air.  (See Atmospheric stability; Un-
stable atmosphere).

Standard atmosphere A horizontal and time-averaged vertical structure of the atmosphere
where standard atmospheric pressure at sea level is 1,013 mb, at 5,000
feet (~1,500 m) it is 850 mb, at 10,000 feet (~3,000 m) it is 700 mb, and
the standard atmospheric pressure at 20,000 feet (~6,000 m) is 500 mb.
Actual pressure is nearly always within about 30% of standard pressure.
(See Atmospheric pressure).

State Implementation Plans devised by states to carry out their responsibilities under the
Plan (SIP)  Clean Air Act. SIPs must be approved by the U.S. Environmental Protec-

tion Agency and include public review.  Same as Tribal Implementation
Plan (TIP). [5]

Subsidence inversion An inversion caused by settling or sinking air from higher elevations.
(See Atmospheric inversion; Temperature inversion).
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Sulfur dioxide (SO2) A gas (SO2) consisting of one sulfur and two oxygen atoms. Of interest
because sulfur dioxide converts to an aerosol that is a very efficient at
scattering light. Also, it can convert into acid droplets consisting prima-
rily of sulfuric acid. (See Criteria pollutants). [2]

Sulfur oxides (SO) A class of colorless, pungent gases that are respiratory irritants and
precursors to acid rain. Sulfur oxides are emitted from various combus-
tion or incineration sources, particularly from coal combustion. [3]

Temperature inversion In meteorology, a departure from the normal decrease of temperature
with increasing altitude such that the temperature is higher at a given
height in the inversion layer than would be expected from the tempera-
ture below the layer. This warmer layer leads to increased stability and
limited vertical mixing of air. [2]

Ten-hour timelag fuels Dead fuels consisting of roundwood 1/4 to l-inch (0.6 to 2.5 cm) in
diameter and, very roughly, the layer of litter extending from immedi-
ately below the surface to 3/4 inch (1.9 cm) below the surface. Fuel
elements of this size usually respond to changes in moisture within about
ten hours or less than a day, hence the term 10-hr timelag.  (See Fuel
moisture content). [1]

Total fuel All plant material both living and dead that can burn in a worst-case
situation. [1]

Tribal Implementation Plans devised by tribal governments to carry out their responsi-
Plan (TIP) bilities under the Clean Air Act. TIPs must be approved by the U.S.

Environmental Protection Agency and include public review.  Same as
State Implementation Plan (SIP). [5]

Understory burn A fire that consumes surface fuels but not overstory trees (in the case of
forests or woodlands) and shrubs (in the case of shrublands).

Unstable atmosphere A condition of the atmosphere in which vertical motion in the atmo-
sphere is favored.  Smoke dispersion is enhanced in an unstable atmo-
sphere.  Thunderstorms and active fire conditions are common in
unstable atmospheric conditions.  In an unstable atmosphere the tempera-
ture of a rising parcel of air remains warmer than its surroundings,
allowing it to continue to rise.  Also called unstable air.  (See Atmo-
spheric stability; Stable atmosphere).
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Ventilation index An index that describes the potential for smoke or other pollutants to
ventilate away from its source.  Also called clearing index.  It is the
product of mixing height and the mean wind within the mixed layer
(trajectory wind).

Visual range Maximum distance at which a given object can just be seen by an ob-
server with normal vision. [1]

Volatile Organic Any compound of carbon, excluding carbon monoxide, carbon
Compounds (VOC) dioxide, carbonic acid, metallic carbides or carbonates, and ammonium

carbonate that participates in atmospheric photochemical reactions. [3]

Wet-bulb temperature Originally, the temperature measured with a mercury thermometer whose
bulb is wrapped in a moist cloth.  Commonly it is a measure of the
atmospheric temperature after it has cooled by evaporating moisture.
(See Dry-bulb temperature; Dew point).

Wildland Fire Any non-structure fire, other than prescribed fire, that occurs in the
wildland.  This term encompasses fires previously called both wildfires
and prescribed natural fires. [6]

Wildfire An unwanted wildland fire.  This term was only included [in the new
Federal policy] to give continuing credence to the historic fire prevention
products.  This is NOT a separate type of fire under the new terminology.
[6]

Wildland Fire (See Wildland Fire Use) [6]
Managed for Resource
Objectives

Wildland Fire Use The management of naturally ignited wildland fires to accomplish spe-
cific pre-stated resource management objectives in predefined geographic
areas outlined in Fire Management Plans.  Wildland fire use is not to be
confused with “fire use,” which is a broader term encompassing more
than just wildland fires. [6]

Wildland Urban The line, area, or zone, where structures and other human devel-
Interface (WUI) opment meet or intermingle with undeveloped wildland or vegetative

fuel.
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ABSTRACT 
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PERSPECTIVES 

The air we breathe is essential to our lives and 
well-being. Forests are also important to our well- 
being. This Guidebook was prepared because the 
fires used in forest management can temporarily 
reduce air quality. Possible air quality impacts are 
discussed in detail, and ways are suggested to 
minimize unwanted atmospheric consequences 
when using fire in the forests. Procedures and sug- 
gestions to follow should be viewed as an oppor- 
tunity to apply the best available knowledge, con- 
sistent with current need. In some locales, this 
need may be for use of only the more simple pro- 
cedures. Complex air quality problems in other 
locales are likely to call for application of complex 
procedures. We have attempted to provide for both 
needs. 

When compared with other sources of emis- 
sions, smoke from forestry burning has been 
regarded by regulatory agencies as only locally im- 
portant. Its components are thought of as natural, 
occur from other sources as well, and may even be 
deemed inevitable if we accept prescribed fire as 
merely a practical substitute for wildfire. The 
ecological necessity for fire in some forests and the 
use of controlled fire to avoid the devastation of 
wildfires are strong arguments for its prescription. 
Forest pathologists recognize fire as a needed 
sanitation measure in some situations. On the 
other hand, because some smoke components are 
toxic, because they may interact unfavorably with 
one another and with other chemicals in the at- 
mosphere, and because they can also impair safe or 
esthetic visibility, alternatives to open burning are 
sometimes strongly advocated. Also, burning 
forest fuels, like all carbonaceous fuels, produce 
t races  of such implicated carcinogens a s  
benzo(a1pyrene. Because not all health-related 
threshold levels have been established, a first reac- 
tion could be to avoid all open burning. 

In truth, knowledge of interrelating synergistic 
effects and of general human susceptibility to air- 
borne toxins is still too imperfect to suggest 
elimination of all smoke as attainable, or even 
necessary. And while heavy debate continues over 
safe or no-effect proposals, a seemingly rational 
control approach may emerge. Rather than a t -  
tempt to regulate emissions merely on the basis of 
our rapidly improving detection (i.e., analytical) 
capability, it is suggested that acceptable levels for 
naturally occurring, physiologically active pollu- 
tants be related to their ambient (or background) 
levels. 

This is not to say alternatives to open burning 
are not preferred when possible. Neither is i t  in- 
tended as anything but a strong message to apply 
a meaningful principle: 

AVOID OVERLOADING 
NATURAL, CLEARANCE 

MECHANISMS- 
BOTH PULMONARY AND ENVIRON- 

MENTAL 

By applying this principle, prolonged toxic contact 
and possibly increased physiologic effect on 
humans can be avoided. We believe that some 
smoke from forest management can be accepted in 
trade for benefits to the forest and for prevention of 
uncontrolled and overloading emissions from 
wildfire. 

This Guidebook provides for the needs of both 
air and forest resource stewardship, and i t  is 
offered for local interpretation and use. I t  is 
offered, too, in the expectation that the health and 
well-being of the populace will be a primary con- 
cern of forestry smoke managers. 

JOHN M. PIEROVICH 
Program Manager 
Southern Forest Fire Laboratory 
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CHAPTER I 
SMOKE NAGEMENT - T IS IT? 

Hugh E. Mobley, nchnical Specialist 
Southeastern Area - State and Priuate firestry 

USDA Flnrest Seruice 
Macon, Georgia 

PURPOSE OF THESE A SOURCE OF MORE 
GUIDELINES INFORMATION 

This Guidebook is designed to help you deter- 
mine in advance: 

IVIZAT YOUR FIRE WILL PUT INTO THE 
AIR 
WiYERE THIS MATERUL WILL GO 
?V.HAT WILL H;.1PPEN IIYI) IT 

T EFFECT IT WILL IrL4Vi41 
IVIZAT YOUCANDOABOUTIT 

. . .and doing something about it to minimize en- 
vironmental impact is smoke management. 

As this Guidebook is being written, a parallel 
Forestry Smoke Management Sourcebook is also 
being developed. This Guidebook provides a great 
deal of information to practitioners in condensed 
form, while the Sourcebook will provide much addi- 
t ional  information to key special ists .  Any 
references made to the Sourcebook are intended to 
let  you know that  additional information is 
already available - at least in manuscript form. 
The first edition of the Sourcebook will probably be 
distributed in 1977 to regional and areal levels of 
the Forest Service and to State Foresters in a 
looseleaf format. 

Fire in the forest-natural, accidental, or 
deliberate- has been an important process in the 
ecology of the south for thousands of years, WHAT'S IN THIS 
especially in the fire subclimax pine stands of the 
Coastal Plains. The use of prescribed fire to ac- GUIDEBOOK 
complish specific forest management objectives is 
now regarded as an indispensable tool of the forest A lot of information is presented for the first 

manager ( ~ ~ b l ~ ~  and others 1973). m a y ,  nearly time in this Guidebook. Much is based on limited 

3 million acres a year are burned by prescription in data and will be subject to updating. New infor- 

the Southern United States. In the past, the mation 

forest manager had only a minimum of informa- 
tion to help him determine what smoke from a 
prescription fire would do to visibility or to the at- 
mosphere. 

This Guidebook was developed for southern 
forest-land managers who prescribe fires, and for 
public agencies that are ~ s p n s i b l e  for maintain- 
ing air quality in southern rural areas where 
forests are burned. What is presented is based 
upon the  best available technology. Because 
knowledge is presently incomplete, the scope is 
limited to: 

A broad breakdown of important southern 
fuels 

Single pmscription fires 

A system for estimating total fuel loading 

A system for estimating available fuel 

Particulate matter emission factors for major 
fuel types and burning techniques 

A procedure for detemining particulate mat- 
ter production rate 

A proedure for predicting smoke concentra- 
tions at  any target area. 

All are described in Chapters IV and I? This infor- 
mation is put together in a step-by-step decision- 
logic framework in Chapter VI that can be used 
to predict what smoke from a planned burn will do 
to the immediate airshed, and how it will affect 
visibility at any point downwind. 

Predictions of particulate matter emissions Although much more information can be 
only. found in the Soumebook that is being developed, 
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Chapter I1 summarizes what is presently known 
about the components of smoke plumes and their 
effects. Chapter I11 briefly reviews the Clean Air 
Acts and resulting Federal standards, Sta te  
regulations that pertain to forestry burning, and a 
proposed method for determining a voluntary 
limit on emissions. 

THERE ARE 
ALTERNATIVES 

FIRE 
Burning may be for more than one purpose; 

but because reasons vary by treatment, the discus- 
sions that follow are categorized by specific treat- 
ment objectives. In each of the following sections, 
a brief discussion of the need to meet the objective 
is also provided. 

Reduction of Hazardous F'uels 
Flammable vegetation and litter accumulate 

land managers want to reduce cornpet- rapidly in pine forests. This material is fuel for 
ing vegetation or debris, they have various treat- wildfires, and excessive accumulation must be con- 
ment alternatives: open burning, mechanical trolled to minimize losses and damages. men fire 
treatment, chemical application, close utilization, is prescribe, to reduce hazardous fuel accumula- 
and doing nothing. No One 'ystem Or type of tions, the stand is virtually fireproofed for the next 
ment will meet allneeds. The common treatments year or two. ~~~l begins to accumulate im- 
and considerations affecting their choices are mediate~% but wildfires that do occur are of lower 

Y '  summarized in table 1. intensity and much easier to control; they burn 
Three special categories of alternatives need less area and cause less damage to the forest. In 

further discussion: fire, utilization, and no treat- the South, prescribed fire is used primarily for this 
ment. Purpose. 

Figure 1. - Natural accumulations of understory vegetation are burned by prescription to reduce 
fire hazard. 
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Table 1. --Considerations in reducing forest debris by different treatments1 

Considerations : Prescription burning Chemicals : Forced-air burners 

Adverse effect Produces smoke 
on a i r  

Adverse effect 
on water xone2 

Adverse effect 
on soil  PJegligible2 

Chemical drift in 
foliar application 

Very little visible emissions 

May contaminate3 Negligible2 

Negligible2 Some compaction4 

Erosion Possibly on steep slopes5 ~ e ~ l i g i b l e "  Possibly on steep slopes4' ' 

Overstory Negligible2 Negligible2 Skin t rees4 

Energy use None None to very little Very high 

Portability 
a t  s i t e  Yes 

Transportation Crew truck 
requirements 

Yes None 

Crew truck & / o r  tank truck Lowboy & tractor (2  units) 
Spray unit if used 

cos t s6  2 0 ~  to $2.50/acre (avg. $1) $20 to $45/acre  (avg. $25) $5 to $lO/ton of material  
Site preparation up to $6 /ac re  treated 

Effectiveness Effective 
under stands 

Effectiveness EXfective only on 
in the open smal l  material  

Advantages Inexpensive 
Fas t  
Multiple benefits 

Effective on all s izes  Not effective 
(live vegetation only) 

Not effective on 
dead material  

Effective 

Versatile Can handle large  boles 
Can t reat  any s ize  material  

Disadvantages Air pollution Public disapproval Need support equipment 
Usable days a r e  limited Regulated Costly 
Not effective on large Possible offsite effects Cannot t reat  understory 
mater ia l  Volume not reduced 

Increased fire hazard 

Best use Hazardous fuel reduction Timber stand improvement Change in land use 
Wildlife habitat improvement o r  conversion Site preparation 
Grazing improvement Right-of-way clearing 

continued 
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Table 1. --Considerations in reducing fores t  debris by different treatments1 (continued) 

Rotary-blade : Dozing o r  shearing ' 
Considerations : Drum choppers : choppers : Total-tree chlppers : and root raking A 

Adverse effect Only exhaust Only exhaust Only exhaust Only exhaust 
on a i r  emissions emissions emissions emissions 

Adverse effect Kegligible2 Negligible" Sedimentation if Xegligible" 
on water on slope 

Adverse effect Possible 
on soil compaction 

Some compaction Compaction and Some compaction 
removal of topsoil 

Eroslon Moderate to _ Possibly on Very susceptible5 Possibly on 
steep siopesa steep slopes6 steep s lopes4~ 

Overstory Skin t r e e  boles Xone 
& damage roots 

Excessive damage Skin t r ees4  

Energy use High High High Very high 

Portability 
at si te Limited in stands Limited in stands Limited in stands Kone 

Transportation 
requirements Lowboy S; t ractor  Lowboy & t ractor  Lowboy & t ractor  Lowboy E; t ractor  (2 units) 

costsG $30 to $50/acre  $10 to $20/acre  $50 to $125/acre About $101 ton of 
mater ia l  treated 

Effectiveness Very limited Limited 
under stands Damage overstory 

Cannot be used Not effective 

Effectiveness Effective 
in the open 

Effective on small  Effective 
material  

Effective 

Advantages Effective in Effective on smal l  Leaves ground clean Salable product 
logging resldue standing material  Can handle large  boles 

Thorough treatment 

Disadvantages Damages leave t r ees  Limited where Debris left Need support equipment 
Blades tend to break can be used Erosion Initial investment 
on rocky ground Costly Cannot t reat  understory 

Cannot t r ea t  
understory 

Best use Site preparatron Maintenance of Change in land use Pulpwrood logging 
openings and Site preparatron Change in land use  
rights-of-way 

'.Adapted from Earr lson (19'75). 
"fmproper use could cause some adverse effects. 
3 ~ f  long-term chernrcals a r e  used o r  if treatment 1s close to  s t r eam o r  reservoir .  
*Support equlprnent . 
"These treatments a r e  not feasrble on s teep slopes due to erosion and/or  excessive cost- -and 

generally not needed. 
E ~ o s t s  a r e  usually higher In Predmont a reas .  
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Figure 2. - Wildlife favor the newly sprouting vegetation that appears after a prescribed burn. 

Wildlife Habitat Improvement 
As shrubs mature, the amount of food availa- 

ble to wildlife declines. Fires are often prescribed 
by wildlife biologists to improve wildlife habitat. 
Unpalatable brush and litter are removed, allow- 
ing production of palatable new plants and 
sprouts. Seeds and insects are also more plentiful 
on burned areas. 

competition and prepare a proper site for tree seed- 
ing or planting. Mechanical treatments alone may 
create large, unmanageable accu-mulations of 
debris that occupy space needed for growing trees. 
This debris can tie up nitrogen needed by the new 
stand for a prolonged period. Furthermore, 
mechanical treatment alone often fails to expose 
the soil properly. On the other hand, burning alone 
is not very effective either-except when the 

Site Preparation volume of debris is very low. Where the volume of 
logging debris is large, fire is often used in con- 

Litter and debris must be removed to reduce junction with mechanical treatment. 
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Control of Undesirable Species 
In the absence of fire, most pine sites in the 

South tend to succeed to a climax type of scrub 
hardwoods. If these species are prmitted to in- 
vade and compete with overstory pine, production 
is impaired and regeneration is very difficult. 

Complete elimination of understory brush is 
not ecologically desirable or economically practi- 
cal. It can be controlled with fire, however, if done 
while the understory is small. The resulting 
sprouts and growth of annuals provide good food 
and improved habitat for wildlife as well. 

Disease Control 
?b control brownspot needle blight (Scirrhia 

acicola lDearn.1 Siggers) in longleaf pine (Pinus 
palustris Mill.) seedlings, the infected needles 
must be removed without damaging the bud. Fire 
is the only known practical way to properly remove 
the brownspot-infected needles of longleaf pines. 
Long experience with fire for this purpose has 
made it possible to do so without killing the bud. 

Improve Forage for Grazing 
Cattlemen produce beef on forested ranges. 

However, native grasses in the timber understory 
are smothered by shrubs and inferior hardwoods. 
Periodic, low-intensity fires control competition 
and maintain the grass species. In addition, the 
grass produced after such burning is especially 
nutritious and palatable for cattle. 

Other Objectives 
Other treatment objectives are to fireproof 

stands before initiating naval stores operations, to 
enhance esthetic appearance, and to improve ac- 
cessibility for timber operators and hunters. 

UTILIZATION 
After allocating sufficient woody material to 

protect the soil from erosion, moisture loss, and un- 
wanted loss of nutrients, most managers of com- 
mercial woodland would like to utilize all the re- 
maining woody material for production of energy 
or as a raw material. Progress is being made in this 

Figure 4. - Whole-tree chipping may be a practical alternative to burning in some places. 

7 
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direction. In the South, merchantable pine trees 
are often utilized down to diameters of 2 to 4 in- 
ches. This is not usually the case, however, with 

or forest areas being cleared for other 
uses. 

One utilization system that looks promising 
is total-tree chipping. This system employs large, 
transportable chippers mounted on semitrailers. 
These will accept whole trees (limbs, leaves, and 
bark), cutting them into chips which can be blown 
into a truck and hauled to a pulpmill. No apprecia- 
ble logging debris is left on areas logged in this 
manner. The investment cost and use of energy 
are high, but these disadvantages are offset where 
there is a market for such chips that contain bark 
and leaves. Some southern pulpmills can now ac- 
cept substantial amounts of this type chipped 
material. Where such markets exist, total-tree 
chipping may be a better alternative than 
prescription burning. ?I, meet energy needs, total- 
tree chippers can also be used to produce fuel for 
boilers. Studies and limited use are already under- 
way. 

Utilization of the small shrubs, brush, litter, 
and leaves within timber stands does not look 
promising. Volumes are too low and scattered to 
justify the cost of harvesting the material from 
among tree stems. Neither is there a developed 

Competition of unwanted plant species 
reduces timber growth. 

Failure to prepare a site may make establish- 
ment of a new commercial timber stand 
difficult or impossible. 

Wildlife habitat and food sourees may disap- 
pear. 

Palatable grass for cattle will be reduced or 
eliminated. 

In stands of longleaf pine seedlings, mor- 
tality from brownspot disease will be in- 
creased. 

Accessibility for hunting, timber manage- 
ment, and naval stores activites will be 
reduced. 

Damage, as well as pollution of air and water, 
from wildfires will probably increase 
drastically - especially in areas of high fire 
occurence. 

LITERATIJRE CITED 
market for most of this material. Pine needles can Mobley, Hugh E., Robert S. Jackson, William E. Balmer, and 

be sold for mulch  when located close to  others 

metropolitan areas or nurseries. 1973. A guide for prescribed fire in southern forests. 
Southeast. Area, Sta te  & Priv. For.-2, 40 p. 

NO TREATMENT USDA For. Serv., Southeast. Area, State & ~ r i v .  
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Choosing no treatment as an alternative- Harrison, Robin T. 
letting nature take its course-certainly has no 

1975. Slash. . . equipment and methods for treatment immediate adverse effects on the quality of air, and utilization. Equip. Dev. & Test Rep. 7120-7, 
soil, or water. However, there can be other conse- 47p. USDA For. Serv. Equip. Dev. Center, San 
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Figure 5. - Unless its growth is controlled in some manner, 
understory vegetation will take over desirable pine sites. 
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CHAPTER I1 
AND EFFECTS OFFOREST 
FIRE SMOKE 

Charles D. Rngren, Physical Scientist 
Charles K. McMahon, Research Chemist 

Paul W Ryan, Research Forester 
Southern Forest Fire Laboratory 

Southeastern Forest Experiment Station 
USDA Forest Service 

Macon, Georgia 

The components of smoke are determined by 
the fuel and the process that converts this fuel to 
smoke. We therefore begin this Chapter with a 
description of the chemical elements of wood and 
the fuel. We then describe the process that first 
separates, and then recombines, these elements 
into the constituents of smoke. Although there are 
only a few major chemical elements in wood, the 
complex burning process results in numerous com- 
binations and thereby generates a large number of 
chemical compounds. 

We will then describe the products emitted 
from forest fires and their effects. Most investiga- 
tors have measured only the major combustion 
products: carbon dioxide (COz), carbon monoxide 
(CO), total hydrocarbons (HC) , and particulate 
matter. A few have measured nitrogen oxides 
(NOx), organic acids, and aldehydes. The effects of 
forest fire smoke on man and his environment 
have not been measured directly. However, since 
the components of this smoke are similar to those 
of smoke from other combustion sources, we will 
draw information on effects from studies of in- 
dividual components. 

In the last section, we discuss particulate 
matter at some length. We provide detail on 
polycyclic organic matter (POMI and on physical 
characteristics. Size is perhaps the most impor- 
tant physical property of particulate matter. This 
size distribution is a good indicator of the potential 
for causing both health and visibility problems. 

FUEL 

ing land clearing and logging. Wildfires, which 
are often more intense than prescribed fires, may 
consume the foliage and small limbs of tree 
crowns, all litter layers, and organic soil. When 
burned, these fuel elements emit smoke with a 
chemical character that is basically determined 
by the chemical character of the fuel. Therefore, 
our discussion will start with an examination of 
the chemical character of forest vegetation. 

CHEMICAL ELEMENTS 
OF WOOD 

Chemical analysis of wood shows that it is 
composed of about 50 percent carbon, 6 percent hy- 
drogen, 44 percent oxygen, and a fractional per- 
cent of what are called trace inorganic compo- 
nents.  Surprisingly, there is  only a minor 
difference in the major components between 
various wood species. The variability among trace 
components such as ash and nitrogen is greater. 
Ash content varies from 0.2 to over 0.9 percent for 
wood species in the United States. For nitrogen, 
the variation can be tenfold; for example, pon- 
derosa pine (Pinus ponderosa Laws.) ranges from 
0.13 percent nitrogen in boles to 1.04 percent 
nitrogen in growing needles. 

More than half of the elements in the periodic 
table have been found in plants. At least 27 ele- 
ments were identified in certain samples of white 
pine (Pinus strobus L.) wood and others doubtless 
occur in very small quantities. 

Many of these elements are commonly recog- 
The fuels of prescribed fires in the South, de- nized growth nutrients. Those occurring in fairly 

scribedingreaterdetailinChapterIV,aremostly l a rgequan t i t i e sa reca l l ed  t h e m a j o r  or 
understory foliage, small branches, and the upper macronutrients: nitrogen, phosphorus, potassium, 
layers of ground litter. 1Cb a lesser extent, fuels also calcium, magnesium, and sulfur. Elements re- 
include the large branches and treetops left dur- quired in smaller quantities are the minor or 
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micronutrients: iron, manganese, zinc, copper, 
boron, and molybdenum. This list may be ex- 
panded further as more is learned about plants. 
Table 2 shows an example of the type and con- 
centration of trace elements. 

Table 2. - Relative amounts of various elements found 
in dried leaf tissue of healthy plantsl' 

Nitrogen 
Potassium 
Calcium 
Magnesium 
Phosphorus 
Sulfur 
Iron 
Boron 
Manganese 
Zinc 
Copper 
Molybdenum 

Element 

Percent 

11 F'rom Kramer and Kozlowski (1960). - 

Content 

the xylans, mannans, and glactans - plus related 
substances such as the uronic acids and their 
derivatives. No single, structural formula can be 
presented for this group; in fact, objections are 
oftezl raised to the use of the collective term 
hemicellulose. The hemicellulose content of wood 
varies from 15 to 25 percent, depending on species. 
The lignin portion of wood is quite different 
chemically from cellulose and hemicellulose. It 
consists of polymeric, aromatic materials charac- 
terized by the presence of phenolic hydroxyl 
groups. Lignin includes a variety of substances 
that have similar chemical compositions, but may 
have structural differences. The basic building 
block of lignin is the phenyl propane unit. The lig- 
nin content varies from about 23 to 33 percent in 
softwoods, and from about 16 to 25 percent in 
hardwoods. 

Content 
percentage 

BURNING PROCESS 

How the components of smoke are generated 
from burning forest vegetation is best understood 
by recognizing that fire is a two-stage process of 
pyrolysis and combustion. Although both stages 
occur simultaneously, pyrolysis occurs first; it is 

consideration of trace components may the initiating stage of chemical decomposition at 

seem trivial and unnecessary at first glance. Trace temperatures- It is most often viewed as a 
components, however, can cause major environ- heat-absorbing (endothermic) reaction that con- 

mental problems. example, the emission of verts large molecules into smaller ones. Fuel ele- 

sulfur oxides (regarded as a major pollutant) ments are separated into char, vapors, and high- 
results from relatively minor amounts of sulfur in molecular-weight . , hydrocarbons and particulate 
coal, oil, and other fossil fuels. matter. 

Combustion is the burning or rapid oxidation 

CHEMICAL COMPOUNDS of the pyrolysate vapors escaping from the surface 
of the fuel. Defined in the most rigorous sense, 

IN WOOD combustion is a relatively fast, heat-releasing (ex- 

Ninety to ninety-five percent of the dry 
weight of wood is composed of three polymeric cell- 
wall constituents: cellulose, hemicellulose, and 
lignin. The other 5 to 10 percent includes constit- 
uents often listed as extractables or extraneous 
components. The extraneous components consist 
of several hundred individual chemical com- 
pounds that vary greatly between species, within 
species, and even within parts of the tree. In this 
group we find terpenes, tannins, resins, oils, pec- 
tins, gums, free organic acids, and minerals. 

Wood contains between 41 and 53 percent 
cellulose. The composition of cellulose is quite 
uniform and independent of source; it consists of 
several hundred glucose-type carbohydrate units 
linked in a polymeric chain. Hemicellulose in- 
cludes all noncellulosic polysaccharides such as 

othermic), chemical reaction among pyrolysate 
vapors and oxygen. 

Pyrosynthesis is a third activity that is a part 
of both the pyrolysis and combustion stages. It 
forms large and complex organic compounds fronn 
smaller free-radical hydrocarbons in the high- 
temperature and low-oxygen regions of the fuel 
and combustion zone. The formation of these corn- 
pounds occurs in any combustion of carbonaceous 
fuel, and is due more to combustion charac- 
teristics than fuel characteristics. 

Brown and Davis (19731, Browne (1963), and 
Murty W u r y  (1972) have described what takes 
place during combustion of forest fuels. Combin- 
ing their views, we can recognize three distinct 
phases of decomposition within fuel particles that 
are consumed. These phases - pre-ignition, flam- 
ing, and glowing -occur both sequentially and 
simultaneously in a moving fire front. 
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PRE-IGNWION PHASE 
(PYROLYSIS PREDOMINATING) 

In this phase, the fuel is heated; volatile com- 
ponents move to the surface of the fuel and are ex- 
pelled in the surrounding air. Initially, these 
volatiles contain large amounts of water vapor 
and some noncombustible organic compounds. As 
temperatures increase, hemicellulose, followed by 
cellulose and lignin, begin to decompose and 
release a stream of combustible organic products 
(pyrolysates). Because these gases and vapors are 
hot they rise, mix with the oxygen in the air, and 
ignite - producing the second phase. 

FEAMING PHASE 
(GAS-PHASE OXIDATION 

PREDOMINATING) 
In the second phase, the temperature rises 

rapidly from the heat of exothermic reactions. 
Pyrolysis continues, but it is now accompanied by 
rapid oxidation, or flaming, of the combustible 
gases being evolved in high concentrations. Car- 
bon monoxide, methane, formaldehyde, organic 
acids, methanol, and other highly combustible hy- 
drocarbon species are being fed into the flame 
zone. The products of the flame zone are predomi- 
nantly carbon dioxide and water vapor. The water 
vapor here is not a result of dehydration as in the 
pre-ignition phase, but rather a major product of 
the oxidation of the fuel constituents. 

Some of the pyrolyzed substances cool and 
condense without passing through the flame zone; 
others pass through the flames but only partially 
oxidize, producing a wide range of products. Many 
products of low molecular weight (methane, pro- 
pane, etc.) remain as gases after cooling. Others, 
with higher molecular weights, cool and condense 
to form small, t a w ,  liquid droplets and solid soot 
particles as they move from the combustion zone. 
These condensing substances, along with the 
rapidly cooling water vapor that is being evolved 
in copious amounts, form the smoke that accom- 
panies all forest fires. 

Pyrosynthesis also occurs during this phase. 
Low-molecular-weight hydrocarbon radicals con- 
dense in the reducing region of the flames, leading 
to the synthesis of relatively large molecules such 
as the polynuclear aromatic hydrocarbons. 

GLOWING PHASE (SOLID 
OXIDATION PR-MINATING) 

In the final phase of combustion, the exposed 
surface of the char left from the flaming phase is 

oxidized, producing a characteristic glow: This con- 
tinues, as long as temperatures remain high 
enough, until only small amounts of noncombusti- 
ble minerals remain as gray ash. Many times the 
arrangement of the burning material is such that 
temperatures cannot be maintained, and black 
char is left instead of gray ash. 

h e 1  particles are not always consumed in a 
moving fire front. Because of the size, condition, or 
a r r a n g e m e n t  of these  part icles,  some a r e  
pyrolyzed but not oxidized and others are only par- 
tially consumed before the flame is extinguished. 
From the heat still available after the flaming 
phase, these particles emit large amounts of 
smoke. Still other particles continue in flaming 
combustion after the flaming phase has ended. As 
a result dehydration, pyrolysis, solid oxidation, and 
scattered flaming often occur simultaneously dur- 
ing this last phase. Where this condition exists, 
this last phase is called smoldering. 

In subsequent Chapters, two fire phases are 
described: one with convective lift and one with- 
out. These phases are related to the activity of the 
convection column and not to the pre-ignition, 
flaming, glowing, and smoldering phases just de- 
scribed. In the convective-lift phase most emis- 
sions are entrained into a definite convection col- 
umn. In the no-convective-lift phase, most emis- 
sions are not entrained into a definite convection 
column. The smoldering phase described in this 
Chapter occurs in both the convective-lift and no- 
convective-lift phases. 

The discussion that follows covers the gases, 
vapors, and suspended particulate matter found in 
forestry smoke. Because of the special importance 
of particulate matter, a separate section will follow 
the more general discussions of primary and sec- 
ondary emissions. 

PRIMARY PRODUCTS 
The burning of forest fuels emits hundreds, if 

not thousands, of chemical compounds into the at- 
mosphere. An appreciation of the complexity of 
smoke can be obtained by a quick glance a t  
research on the chemical characterization of 
tobacco smoke. As of 1968, over 10,000 publica- 
tions had reported the identification of over 1,200 
chemical compounds. 'Ib date, over 200 compounds 
have been identified in woods smoke. 

Amounts of carbon dioxide and water vapor 
emitted are indicators of burning efficiency. The 
more efficient the combustion, the more C02 and 
water vapor produced. As combustion efficiency 
decreases, the proportion of undesirable emissions 
increases. Efficiency varies with the fuel moisture, 
fuel loading, type of fire (heading versus backing), 
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and to a lesser extent, weather conditions. Perhaps 
the most dramatic finding to date is that heading 
fires produce approximately three times more par- 
ticulate matter than backing fires. Wet fuels pro- 
duce substantially more particulate matter than 
dry fuels. 

Scientists have shown that mounts  of emis- 
sions per ton of fuel consumed (emission factors) 
vary widely (table 3). In most cases, investigators 

pounds and the particles. Both temporary and 
lasting effects must be considered. The potential 
for a lasting effect is reduced by the detoxification 
capability of the body organs. Even compounds 
that can act synergistically to cause cell damage 
at levels below the threshold effect of each com- 
pound alone are a threat only in dosages above the 
body's capacity for detoxification. 

Table 3. - Range of emission factors for components of forest fire smoke, 
with effect potentials 

Carbon dioxide 
Water vapor 
Carbon monoxide 
Total suspended 

particulate matter 
Total hydrocarbons 
Other organics 
Nitrogen oxides 
Sulfur oxides 

20- 180 
10- 40 

Unknown 

Effect potentials Components 

31 Negligible- 

Range of emission factors 
(pounds produced per ton 

of fuel consumed) 

No direct 
Visibility 
Health 

Visibility & health 
Visibility & health/ 
Visibility & hea l thg  
Visibility & health? 
Health 

- 

11 Values higher than 1 ton occur because of the chemical combination of carbonaceous constituents - 
with oxygen in air to produce carbon dioxide. 
2/ Includes effects from secondary photochemical products. - 
31 A possible exception in the high-sulfur peat or "muck" soils. - 

measured only C02, CO, total hydrocarbons (HC), 
and particulate matter. In a very few instances 
they measured nitrogen oxides, aldehydes, and 
organic acids. Data on the latter groups are insuffi- 
cient to estimate their emission factors with 
reasonable accuracy. Most studies have been 
limited to those emissions that are currently 
covered by the National Ambient Air Quality 
Standards. 

In forest fires, the two products of complete 
oxidation - carbon dioxide (CO z )  and water 
vapor-make up over 90 percent of the mass emit- 
ted. The other 10 percent includes virtually all of 
the smoke and potential problem compounds. Pro- 
ducts of major concern are carbon monoxide, par- 
ticulate matter, gaseous hydrocarbons, other 
organic compounds, and the nitrogen oxides. 

The effects of smoke from forest fires on man 
and his environment cannot yet be directly 
measured. We can only consider the potential 
effects of components known to exist in this 
smoke. The components that are potentially most 
harmful to humans are the volatile organic com- 

CARBON DIOXIDE (C02) 

Carbon dioxide is an odorless and colorless 
nontoxic gas formed abundantly in nature by the 
decomposition of organic substances. It is exhaled 
by man and animals during breathing and ab- 
sorbed from the air by plants for use in photo- 
synthesis. Its only potential as a pollutant is as a 
contributor to the overall greenhouse effect that 
may be causing a rise in the Earth's air tem- 
peratures. 

WATER VAPOR (H2 0) 

Water vapor is important because it can affect 
visibility near a fire, and because it interacts with 
the other combustion products to reduce combus- 
tion efficiency It is theoretically possible to pro- 
duce 1,720 pounds of water from. a ton of fuel at  a 
moisture content of 30 percent. Six hundred 
pounds are unbound, or free water, and 1,120 
pounds are from the combustion reaction. 
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CARBON MONOXIDE (CO) 
Carbon monoxide is a colorless and odorless 

toxic gas. Although concentrations of this gas can 
be quite high (100 to 200 ppm) right at the fireline, 
measurements on low-intensity prescribed fires 
show that normal atmospheric dilution processes 
are quite rapid-reducing this level to below 10 
ppm approximately 100 feet downwind. Although 
the subject has been studied in depth and is still 
debated, reviews of the literature by Hueter and 
others (19721, Bartlett (19731, and Horvath (1973) 
indicate that the concentrations would probably 
have to exceed 10 ppm for a lengthy period to pro- 
duce serious effects. 

HYDROCARBONS (HC) 
Hydrocarbons are organic compounds con- 

taining only carbon and hydrogen in the molecule. 
Two groups of hydrocarbons are particularly im- 
portant potential pollutants : the low-molecular- 
weight olefins or unsaturated hydrocarbons and 
the high-molecular-weight, aromatic-type hy- 
drocarbons. Methane, ethylene, and acetylene are 
the predominant low-molecular-weight hydrocar- 

bons in forest fire smoke, comprising as much as 
50 percent of the total. Lesser amounts of ethane, 
propane, propylene, methyl and ethyl acetylene, 
and butene and butane isomers have also been 
found. Characterization of the high-molecular- 
weight hydrocarbons to date is too fragmented 
and incomplete to draw any meaningful conclu- 
sions. 

Hueter and others (1974) report that the hy- 
drocarbons propylene, acetylene, and ethylene are 
known to S e c t  plants. However, the amount of 
propylene in smoke is too small to be of direct con- 
cern, and both propylene and acetylene are con- 
siderably less phytotoxic than ethylene. Also, ex- 
posure from forest fire smoke is believed likely to 
be of too short a duration for any appreciable direct 
adverse effect from ethylene. 

OTHER ORGANIC 
COn!lPOUNDS 

In addition to the hydrocarbon organic com- 
pounds, there are literally hundreds of other 
organic gases and vapors in forest fire smoke. 
Figure 6 is a chromatogram of organic vapors 

36 72 

IOOM GLASS SCOT OV-IOI 

PEAK 

2 
2 8  
2C 
3 
3A 
3 8 
4 A 
4 8 

8 
8 A  

10 
15 
16 
17 

2 0  
21 
22 
23 
24 

COMPOUND 

isopentam 
I-pantone 
f uron 
a-pentone 
isoprene 
acetone 
isoproponol 
cycbpentadiene 
dtacetyl 
I- hexene 
methyl vinyl ketone 
2- methylfuron 
n- hexana 
2,4- haxadiene 
1,3,5-hexatrienr 
3-methylhtanal 
benzene 
cyclohaxana 
4 -  methylpentem 
28-dimethylpantans 
I-hYn~-2-dimethyl- 
Cyclopentono 

TIME (MINUTES) 

PEAK COMPOUND 

24A sabaklohyde (tent.) 
26 23-dimethylfuran 
26A n-heptone 
27 a - 2 -  heptone 
29 2-vinylfuran 
31 2.3-dimethyl-2- 

pentans 
32 2.4- dimethylhexone 
36 toluacw, 
39 I-octena 
4 0  2,3- dimthylhexo- 

1.4- diem 
41 n-octane 
4 2  2.3.5-tridhylfuran 
4 4  furfural 
4 9  ethyl benzene 
50 e-xylane 
X)A 2-propiony Ifuran (tent.) 

52  styrene 
53 Q - X Y ~ ~ W  

COMPOUND 
8- nonane 
2- isopropylfuran 
anisole 
2-methyl-5- isaprop- 
any lfuran 
cumsna 
n- decane 
camphene (tent.) 
a- propylbenzane 
m-ethyltoluene 
e- ethy ltoluenr 
I - decene 
benzofurar 
m- diethylbenzene 
limonene 
Fa-dimethylstyrene 

n- undecana 
n- dodecane 

Figure 6. - Chromatogram of organic vapors in loblolly pine smoke. Each peak represents a 
separate compound. 
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sampled from a laboratory fire of loblolly pine 
(Pinus taeda L.1 needles. Each peak represents a 
separate compound. This display includes only 
some of the organic compounds in smoke-prin- 
cipally those with 4 to 12 carbon atoms. Included 
in this fraction are many oxygenated com- 
pounds-mostly organic acids, aldehydes, and 
furans-plus many high-molecular-weight 
aliphatic and aromatic hydrocarbons. Several low- 
molecular-weight and oxygenated species, 
especially the carboxylic acids (formic and acetic 
acids, etc.) and the reactive aldehydes (for- 
maldehyde, acetaldehyde, acrolein, etc.) have been 
reported as minor, but significant, constituents of 
woods smoke. 

In extensive reviews of the health effects of 
volatile organic compounds, Balchum (1973) and 
Hueter and others (1974) point to the lower 
molecular-weight and more soluble aldehydes - 
such as formaldehyde-as irritants to the mucous 
membranes of the eyes and upper respiratory 
tract. Formaldehyde irritates the eyes, nose, and 
throat at levels of 0.01 to 1.0 ppm, causes discom- 
fort at 2.0 to 3.0 ppm, and can only be tolerated for 
PO to 30 minutes at 4.0 to 5.0 ppm. The higher 
molecular-weight and less soluble aldehydes are 
deep-lung irritants, 

Balchum (1973) and Hueter and others 
(1974) have found that the unsaturated aldehydes 
are several times more irritating and toxic than 
the saturated aliphatic aldehydes. Within the 
saturated and unsaturated aldehydes, toxicity in- 
creases with decreasing molecular weight. For ex- 
ample, unsaturated acrolein can cause moderate 
irritation of the eyes and nose within 5 minutes at 
levels as low as 0.25 pprn and becomes intolerable 
a t  5.0 pprn within this same time. In contrast, 
saturated acetaldehyde does not become an irri- 
tant until it reaches a concentration of 50 ppm, far 
above anticipated levels, 

OXIDES OF NITROGEN (NO,) 

Oxides of nitrogen (NOx) include both nitric 
oxide (NO) and nitrogen oxide fNO2). NO is a col- 
orless gas that, in contact with air, forms NO2, a 
ddish-brow gas. The normal mechanism for the 
fomation of oxides of nitrogen in combustion is 
through fixation of atmospheric nitrogen and ox- 
ygen in the burning zone, principally at  tem- 
peratures above 1,600' C. This is above tem- 
peratures normally occurring in prescribed forest 
fires. However, these temperatures could be 
achieved in piled slash or wildfires. 

Nitric oxide can also be formed at lower tem- 
peratures in the presence of hydrocarbon-fkee radi- 

cals (Ay and Sichel 1976). Significant amounts of 
nitric oxide may be formed in this way in forest 
fires. Nitrogenous compounds in forest fuels are 
another potential source of oxides of nitrogen in 
emissions. Information on nitrogen oxide emission 
rates from forest fires is scanty and inconclusive. 

NO 2 is about four times more toxic than NO 
and exerts i t s  primary effect on the lungs. 
However, based on the reviews of Hueter and 
others (1973) and Shy (19731, concentrations far 
exceeding those expected of a forest fire are re- 
quired for direct effects on man. The real impor- 
tance is in the formation of a whole train of sec- 
ondary products. 

SULFUl3 OXIDES (SO,) 

Sulfur oxides are probably produced only in 
negligible quantities because most forest fuels 
contain less than 0.2 percent sulfur. Sulfur oxides 
have not yet been detected in forest fire smoke. A 
notable exception is certain organic soils in 
Florida which have a sulfur content of about 4 per- 
cent and are under current investigation. 

SECONDARY 
PRODUCTS 

We have briefly reviewed the major findings 
on primary or fire-produced emissions and their 
effects. As smoke plumes travel through the at- 
mosphere, secondary products can be generated 
through mixing of primary effluents or photo- 
chemical activity. Evans and others (19741, for ex- 
ample, reported formation of ozone in the upper 
layer of a smoke plume when it was irradiated 
with sunlight. Some secondary products are more 
harmful than the primary products, and some are 
harmless. 

Health effects due to the interaction of partic- 
ulate matter and sulfur dioxide have been found in 
numerous air pollution studies (Engel and others 
1971, National Academy of Sciences 1973 and 
1975). Our current studies, while only yielding 
tentative results, tend to confirm that these and 
other secondary reactions will take place. 

PARTICULATE 
MATTER 

In this Guidebook, particulate matter is 
defined as any dispersed aggregate matter, solid or 
liquid (other than water), that for practical pur- 
poses is larger than about 0.002 micron in 
diameter, but smaller than 500 microns in 
diameter. The size, shape, porosity, density, and 
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other physical properties of particulate matter are 
highly variable. Aerosol, another often-used term, 
is considered here to mean small, airborne particu- 
late matter. 

Particulate matter remains suspended in the 
atmosphere for periods of a few seconds to several 
months, Suspended particulate matter is that por- 
tion which, h a u s e  of its small size (Gelow 5 to 10 
microns in diameter), is transported long dis- 
tances in the atmosphere and has the greatest po- 
tential for environmental impact. Suspended par- 
ticles are of greatest concern in smoke manage- 
ment. 

The most obvious environmental effect of 
smoke from prescribed forest fires is a reduction in 
visibility. This effect is caused by the particles that 
absorb and scatter light, washing out the contrast 
that exists between the source and its background. 
These particles can also scatter the sunlight that 
illuminates the air between the source and the 
receiver, again washing out the contrast zs dis- 
tance increases. This temporary reduction in 
visibility can hinder safe operation of aircraft and 
automobiles or the enjoyment of scenic vistas. 

The soiling ability of larger carbon-type par- 
ticles is another environmental effect of forest 

Figure 7. - A reduction in visibility is the most obvious adverse effect of smoke on the environment. 

A term that is increasing in popularity and 
significance is fine particulate matter (or some- 
times, respirable suspended particulate [RSPI) 
which comprises particles blow 2 to 3 microns. 
These have an especially long residence time in 
the atmosphere, contribute to smog formation, 
and penetrate deeply into the lungs. Also, they 
may act synergistically with gases or other parti- 
cles. 

fires; but in prescription burning, these particles 
tend to fall out of the smoke column close to the 
fire rather than adding to the general pdlution 
level. 

According to the review of Engel and others 
(19711, particulate matter may contribute to ac- 
celerated corrosion of metals upon which they are 
deposited by sorbing corrosive chemicals from the 
atmosphere. Almost all of this information comes 
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from studies of urban versus rural areas where 
gaseous pollutants in the urban areas are adding 
to the corrosion. 

Health effects of particulate matter are deter- 
mined by three properties: size, sorption, and 
chemical composition. Sizes of particles are impor- 
tant because of their relation to different parts of 
the respiratory system. The three main parts of 
the respiratory system are the nasopharyngeal, 
tracheobronchial, and pulmonary. Of these, the 
upper two contain cellular tissue with hairlike 
outgrowths (cilia! covered with mucus, and the 
lower one contains moist cellular tissue covered by 
a surface-active material to prevent the collapse of 
the air sacs at the end of respiration. Through in- 
ertial impaction and gravitational settling, the 
larger particles are deposited in the upper two 
parts of the system and then expelled. As the size 
decreases below 5.0 microns in diameter, increas- 
ing numbers are deposited in the lower respiratory 
tract -including over 50 percent of those between 
0.01 and 0.1 micron that penetrate this far. Many 
forest fire smoke particles, as shown in the physi- 
cal properties subsection, have a potential for 
being deposited deep in the lungs. 

Sorptive properties of particles make them 
potential carriers of toxic material. In a review of 
the effects of particles on health, Engel and others 
(1971) found that formaldehyde, which does not it- 
self readily penetrate the upper respiratory tract, 
is carried to the lungs by adsorption to small parti- 
cles -causing increased toxic effect. In their 
review of hydrocarbons, Hueter and others (1974) 
found that  the  toxicity of acrolein and for- 
maldehyde (both constituents of forestry smoke), 
when in the presence of certain inert aerosols, ap- 
peared more toxic to mice. 

Particulate matter can consist of just a few 
easily analyzed solid inorganic compounds as in 
some industrial smoke, or it can consist of several 
hundred liquid and solid compounds in a complex 
organiclinorganic matrix as in certain natural 
aerosols. Examples of natural particulate matter 
are: (1) the coarse, inorganic mineral dust parti- 
cles derived from windblown soil, (2) the inorganic 
sea-salt particles emitted from the oceans, (3) the 
powderlike, organic pollens from plants, and (4) 
the organic aerosols produced by forest fires. 

Solvent extractions with benzene have tradi- 
tionally been used to estimate the amount of 
organic compounds in particulate matter. The 
benzene soluble organic (BSO) fraction of particu- 
late matter from fires in various southern fuels 
has been found to range from 40 to 75 percent. 
Some of this variation is due to the type of fire. In 
comparison, the average BSO fraction of ambient 
air particulate matter is about 8 percent. 

The BSO percentage, while a measure of the 
organic content of particles, gives no information 
about the individual organic compounds. Very lit- 
tle of the chemical analysis required for this has 
been accomplished for forest fire particles. 
However, a considerable amount of analysis of the 
smoke in flavoring food, from tobacco, and from 
burning building materials has been completed. 
Those analyses that  covered the  burning of 
cellulose, hemicellulose, and lignin have identified 
several hundred organic compounds in the partic- 
ulate matter. These compounds, expected to be a 
part of forest fire smoke, are categorized in the 
general classes: organic acids, alcohols, aldehydes, 
furans, ketones, and aromatic compounds. The 
aromatic compounds include the esters, phenols, 
and polycyclic organic matter. 
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POLYCYCLIC ORGANIC 
MATTER 

Polycyclic organic matter (POhl) is of special 
interest in smoke management because i t  is a 
c l a s s  of compounds  c o n t a i n i n g  m a n y  
physiologically active substances. Benzo (a) pyrene 
(BaP) and other implicated carcinogens are 
usually found in POM. 

POM is formed by the pyrosynthesis of small 
carbon fragments  into large hydrocarbon 
molecules in the low-oxygen region of combustion 
processes. It is found in virtually all burning 
which involves carbonaceous fuels. Production of 
POM is more dependent on the conditions of the 
fire than the type of carbonaceous fuel. For exam- 
ple, inefficient, residential coal furnaces produce 
substantially more benzo (a) pyrene per unit of fuel 
consumed than do more efficient coal furnaces in 
power plants (National Academy of Sciences 
1972). 

In recent laboratory experiments, BaP con- 
centrations were measured in the smoke from 
burning slash pine (Pinus elliottii Engelm.) nee- 
dles. With the laboratory burning tray on a slope 
of 50 percent, heading and backing fires (two repli- 
cates) were set at  three loadings (pounds per 
square foot) each. 

Heading fires, as expected, usually produced 
more particulate matter per ton of fuel at a given 
fuel loading (table 4). Backing fires, however, pro- 
duced substantially more benzo (a) pyrene, 
especially at light loadings. 

Within heading fires, the smoldering phase 
produces higher amounts of both BaP and particu- 
late matter than the corresponding flaming phase 
(table 5). 

The differences in BaP production can be ex- 
plained partly by the conditions required for its 
formation -moderately high temperatures, low 
oxygen, and long residence times in the reaction 
zone. Carbon fragments in the slow-moving, back- 
ing fires (especially the light loadings) remained 
under these optimum formation conditions subs- 
tantially longer than in the heading fires. Within 
heading fires the carbon fragments in the  

Table 4. - Benzo(a) pyrene (BaP) and total suspended 
particulate matter (TSP) from burning pine 
needles I/ 

Emissions 
Type of fire I 

Pounds wer 

and 
fuel loading 
(pounds per 
square foot) 

Backing: 

Light (0.1) 3,500 2 2 
Medium (0.3) 560 8 
Heavy (0.5) 240 5 

B e n z o ( a ) ~ ~ r e n e  

Heading: 

Total 
suspended 
particulate 

matter 

Light (0.1) 38 22 
Medium (0.3) 40 88 
Heavy (0.5) 100 129 

I /  Fuel moisture content for all fires ranged from 18 to 27 
percent. 
21 Nanograms of benzo(a) pyrene per gram of fuel burned. A 
nanogram is 0.000000001 gram. 
31 Pounds of total suspended particulate matter per ton of 
fuel burned. 
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smoldering phase, even though at less than op- 
timum BaP formation temperatures, are subject 
to these conditions for substantially longer 
periods than in the corresponding flaming phase. 

The bnzo(a)pyene levels shown in tables 4 
and 5 are generally in the  ranges reported 
elsewhere for open burning of landscape refuse, 
grass clippings, leaves and branches (National 
Academy of Sciences 19721, and hardwood leaves 
(Jones 1975). The one exception is the value we ob- 
served for lightly loaded backing fires. That value 
is a b u t  10 times what we might have expected 
from reading earlier study results. 

Table 5. - Benzo(a) pyrene (BaP) and total suspended 
particulate matter (TSP) from flaming and 
smoldering phases of burning pine needlesg 

Total 
fuel loading suspended 

square foot) matter 

Pounds per 

nglg 2f - ton 31 - 
Flaming: 

Light (0.1) 33 
Medium (0.3) 17 
Heavy (0.5) 36 

Smoldering: 

Light (0.1) 100 59 
Medium (0.3) 55 143 
Heavy (0.5) 140 192 

11 Fuel moisture content for all fires ranged from 18 to 27 - 
percent. 
21 Nanograms of benzo(a1pyrene per gram of fuel burned. A 
nanogram is 0.000000001 gram. 
31 Pounds of total suspended particulate matter per ton of - 
fuel burned. 

General conclusions about benzo(a)pyrene in 
forestry smoke cannot be drawn at this time. The 
levels we found in our limited number of laborato- 
ry fires were very low to moderate. Our data may 
indicate, however, that one should be cautious in 
declaring backing fires to be the cleanest. It  is true 
that backing fires can be expected to produce a 
lower volume of all particulate matter than head- 
ing fires. But, i t  appears that some backing fires 
can be expected to produce more BaP than head- 
ing fires. 

PHYSICAL PROPERTIES 
The particulate fraction of forest fire smoke is 

highly variable. As we have shown, this high 
variability is not only in the mass produced but 

also in the size, shape, porosity, density, and other 
physical properties of individual particles. Parti- 
cles are responsible for two major smoke problems: 
respiratory effects and visibility reduction. 
Respiratory effects have been discussed pre- 
viously. 

Visibility reduction is caused by the scatter- 
ing of light by the particles. All particles do not 
scatter light to the same degree. Those having 
diameters within the wavelength of visible light, 
between 0.3 and 0.8 micron, cause the maximum 
scattering. Unfortunately, these sizes of particles 
remain suspended in the air the longest. 

Particle Formation 
The majority of particles in forest fire smoke 

are formed from the gaseous organic compounds 
produced by pyrolysis and combustion. Nucle- 
ation,condensation, and coagulation form both liq- 
uid and solid particles ranging upward in size 
from about 0.002 micron. h r n  60 to 70 percent of 
the total particles produced are liquid, These are 
formed into a spherical shape by the condensation 
of organic vapors and range from the highly 
volatile and short lived to the long lived, tarry, and 
viscous. Figure 8 is a photomicrograph that shows 
both the spherical. liquid particles and the irregu- 
lar solid particles. 

Figure 8. - Liquid particles are spherical, where- 
as solid particles are irregularly shaped. 
Characterizing particle shapes often helps in 
evaluating environmental effects. 
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Solidparticlescreatedbythecornbustionproc- c les rangef rom0.01micron to5microns in  
ess, particularly the  smaller ones, can also diameter. Fkquently, the small particles will bind 
assume a spherical shape. More commonly, together to produce larger agglomerates that vary 
however, they assume other forms that appmxi- in shape from roughly circular to long, slender, 
mate flattened discs, angular cubes, and long, chainlike masses. Figure 9 is a scanning electron 
chainlike agglomerates. Sizes of the solid parti- micrograph illustrating these agglomerated par- 

ticles. 

Figure 9. - A scanning electron micrograph shows angular nature of solid primary particles 
and the aggregation of small particles into long, chainlike masses. 
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Particles are also formed by the mechanical 
action of turbulent forces present in the fire zone. 
These forces simply break up the fire-weakened 
fuel and lift small pieces into the heated air col- 
umn over the fire. Initially, mechanically formed 
particles are fewer in number but usually are 
larger and have more mass than the chemically 
produced ones. Figure 10 shows this type of parti- 
cle. 

Figure 10. - A large, mechanically formed par - 
ticle. Notice that plant structures can still 
be identified. 

Mass Distribution 
Particles are produced in a wide range of 

sizes. The amount of particulate matter in each 
size category is called the size distribution, which 
can be expressed as mass or number of particles. 
We report both mass and number distributions 
because some effects are more closely related to 
mass distribution and others to number distribu- 
tion. In addition, no existing instrument can 
measure the full range of sizes. Expensive instru- 
ments are available to measure very small parti- 
cles; they usually record number distributions. 
Commonly available instruments for measuring 
larger particles usually record mass distributions. 

A particle's mass, in combination with its size 
and shape, determines its aerodynamic size. Aero- 
dynamic size equates an irregular shape to a 
sphere and can be much different than physical 

size. The solid and liquid particles in figure 8, 
although of obviously different physical sizes, are 
the same aerodynamic size. Aerodynamic size is 
more closely related to particulate matter disper- 
sion and respiratory effects, while physical size is 
more related to visibility effects. 

We sampled the aerodynamic mass size dis- 
tribution of particulate matter frorn several ex- 
perimental backing fires in slash pine and palmet- 
to-gallberry fuels of Georgia and Florida. About 
70 percent of the particle mass from the slash pine 
fires was less than 0.4 micron in diameter, and 95 
percent was less than 1 micron. Similar results 
have been reported from other studies in the 
United States and elsewhere. In the smoke frorn 
Douglas-fir (Pseudotsuga rnenziesii [Mirb.] Franco) 
fires in the Northwest, 69 percent of the particle 
mass was found to be less than 0.3 micron and 82 
percent less than 1 micron (Sandberg and Martin 
1975). Additional information collected with a 
scanning electron microscope showed that most 
single, spherical particles were about 0.1 micron in 
diameter. Particulate matter in the smoke from 
burning rice residue was found to have mass me- 
dian diameters that range from 0.1 to 0.3 micron 
(Goss and Miller 1973). Reports from Australia 
and England show that woods smoke particles are 
about 0.1 micron in diameter (MacArthur 1966 
and Foster 1960). 

Number Distribution 
A recently developed instrument has given us 

the opportunity to measure the lower range of par- 
ticle distribution. It was used in field experiments 
during the 1974-75 fire season. These distribu- 
tions (fig. 11) are from fires in longleaf-slash pine 
needles in Louisiana, a sawgrass stand in the 
Everglades of Florida, light brush under a loblolly 
pine stand in Georgia, and light brush under a 
loblolly pine stand in North Carolina. Samples 
were collected at distances from the fire site of 0.3 
mile to 3.5 miles, except in Florida where the dis- 
tance was 12 miles. 

Certain properties of the size distributions of 
particles can be discovered by comparing the num- 
ber distributions (fig. 11) with the mass distribu- 
tions (fig. 12). Merging values from the two dis- 
tributions, we found that the average diameter of 
particles in forest fire smoke is approximately 0.1 
micron, and that this average is approximately the 
same for fires in all fuel types. 

In general, only particles smaller than 10 
microns can be expected to pose problems at dis- 
tances greater than l/z to 1 mile from the source of 
production. Particles larger than 10 or 20 microns 
will usually be removed from the atmosphere by 
gravitational forces within this distance. There 
are, of course, exceptions caused by extreme 
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Figure 11. - Size distribution for particles 
smaller than about 0.5 micron. Distribution 
is based on numbers of particles. 

windspeeds or by specialized particle growth con- 
ditions high in the atmosphere. Particles found by 
aimraft samplings of fomt fire smoke plumes are 
rarely larger than 10 microns. 
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CHAPTER I11 
AIR QUALITYADMINISTRATION 

Andrew Searcy, Ji, Operations Research Analyst 
Southern Forest Fire Laboratory 

Southeastern Forest Experiment Station 
USDA Forest Service 

Macon, Georgia 

This Chapter reviews the legislation and 
regulations passed to maintain air quality. It also 
introduces a voluntary decision procedure pro- 
posed for forestry smoke management. 

THE FEDERAL CLEAN 
AIR ACTS 

Interest in Federal clean air legislation began 
to accelerate in 1955 when Congress provided for 
investigations into the nature and extent of the 
Nation's air pollution problems. With the passage 
of the Clean Air Act of 1963 (PL 88-2061, Congress 
encouraged the first air pollution abatement pro- 
grams by providing Federal funds to assist in 
State and local control efforts and by establishing 
limited authority to abate interstate air pollution. 
Amendments to the 1963 Act in July 1967 in- 
creased the powers of the Secretary of the Depart- 
ment of Health, Education, and Welfare to imple- 
ment air pollution abatement programs anywhere 
in the United States. The amendments included 
provisions to: 

Request injunctions to abate emissions 
Designate air quality control regions 

Establish air quality standards for the above 
regions in the absence of effective State 
action 

Enforce the above standards 

Establish interstate air quality planning 
commissions; in lieu of action by the affected 
States (Stern 1971). 

The Clean Air Act of 1970 greatly increased 
Federal powers and responsibilities. Section 101, 
paragraph fb) of the 1970 Clean Air Act lists as its 

while at the same time encouraging additional 
State and local regulations. 

A REVIEW OF KEY 
SECTIONS OF THE 1970 
CLEAN AIR ACT 
(PL 91-604)APPLICABLE 
TO FORESTRY 
PRESCRIBED BURNING 

SECTION 108: 
AIR QUALITY CRITERIA 

The Environmental Protection Agency Ad- 
ministrator is directed to identify and publish a 
list of air pollutants. Included in this list is partic- 
ulate matter, 

SECTION 109: 
NATIONAL AMBIENT AIR 

QUALITY STANDARDS 
The EPA Administrator is required to estab- 

lish national primary and secondary ambient air 
quality standards for the pollutants identified in 
Section 108. The primary standard is set at a level 
necessary to protect the public health, while the 
secondary standard is set at a level to protect the 

purpose: public welfare from any known or anticipated ad- 
"To protect and enhance the quality of the verse effects of a pollutant. %ble 6 lists the levels 

Nation's air resources so as to promote the public of pollutants thus far identified by the standards 
health and welfare and the productive capacity of as being adequate to protect the public health and 
its population" (U.S. Code: 42 U.S.C. S. 18571, welfare. 
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Table 6. - National primary and secondary ambient air quality standards 

Ppm 
35.0 
9.0 

3/0.24 

I Averaging 
Pollutant 1 standard time 

Annual maximum21 
Annual maximuma 

Frequency 
parameter Concentration 

Carbon 
monoxide 

Primary and 
secondary 

Annual maximum 2' Hydrocarbons 
(nonmethane) 

Primary and 
secondary 

Nitrogen 
dioxide 

Primary and 
secondary 

Annual arithmetic 
mean 

Annual maximum% Photochemical 
oxidants 

Primary and 
secondary 

Annual maximum3 
Annual geometric 

mean 

Particulate 
matter 

Primary 

2/ Annual maximum - 
Annual geometric 

mean 

Secondary 

Annual maximum3 
Annual arithmetic 

mean 

Sulfur 
dioxide 

Primary 

Annual maximum2 Secondary 

1/ Adapted from Federal Register (1971). 
5 Not to be exceeded more than once per year. - 
3/ As a guide in devising implementation plans for achieving oxidant standards. - 
41 As a guide to be used in assessing implementation plans for achieving the annual maximum 24-hour standard. - 

SECTION 110: SECTION 114: 
INSPECTIONS, MONITORING, 

AND ENTRY 
Onsite inspection of emission sources is 

authorized (U.S. Environmental Protection Agen- 
cy 1970). 

STATE AND LOCAL 
AIR QUALITY 

IMPLEMENTATION PLANS 
Each State must develop and submit for 

Federal approval a comprehensive plan identify- 
ing the strategy that the State intends to follow in 
order to attain and maintain the National Am- 
bient Air Quality Standards. A State may revise 
its State Implementation Plan (SIP) at any time 
and, in turn, may be required to revise its plan by 
the Environmental Protection Agency (EPA) if it 
is found to be substantially inadequate. 

REGULATIONS " 
SECTION 113: ~ o s t  States have granted variances from air 

pollution control rules-to valid forestry burning FEDERAL ENFORCEMENT practices. This could be done under the provisions 

 hi^ section also for ~ ~ d ~ ~ ~ l  enfoKe- of the Clean Air Act because these operations have 

merit of an SIP where violations appear to be not been identified as a major source of particulate 

caused by a State's failure to enforce its own SIP matter. 

The EPA can init iate court actions against  
l/ Portionsof this Section werecontributed by Joan B. Boilen, Attorney, 

polluters violating an applicable provision of an SIP ~ega i~upport   ranch, U. S. Environ.  rot. Agency, Reg. IV, Atlanta, Ga., 1975. 
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When emissions from major sources are 
reduced, lesser sources may be expected to receive 
more attention. Control of major sources alone 
may not be sufficient to achieve local ambient 
standards. Then, reduction of emissions from 
minor sources may be required. Some southern 
States are bringing prescription burning under 
control by requiring permits, and some have 
specified certain conditions limiting open burn- 
ing. A few counties have curtailed all open burn- 
ing. 

The following are examples of some of the 
more stringent State regulations affecting forest- 
ry prescription burning in the South: 

In Arkansas, open burning is prohibited 
within specified distances of certain popula- 
tion centers except for fires used for purposes 
of forestry management, provided fires are 
set and burned when winds are blowing 
away from populated areas. 

In Florida, open burning is allowed be- 
tween 9: 00 a.m. and 1 hour before sunset with 
permission of the State Division of Forestry, 
or at other times when allowed by the Divi- 
sion and when dispersion of air pollutants is 
reasonably assured. 

In Georgia, counties with populations 
exceeding 65,000 allow open burning only if 
adequate disposal facilities are not reasona- 
bly available. In all counties, no smoke of a 
shade darker than a No. 2 on a Ringelmann 
chart (a means by which opacity of smoke 
plumes is judged by visual observation) is 
permitted - except for a reasonable period to 
get the fire started. 

In  Sou th  Carolina,  open burn ing  
specifically for forestry management is ex- 
cepted from a general ban when practices ac- 
ceptable to the State Board of Health and 
Environmental Control are followed, and 
when no undersirable levels of pollutants 
are or will be created. 

In Tennessee, forestry prescription 
burning exceptions include provisions that 
no public nuisance is created, and that no 
land, air, or water traffic hazard is created. 
Distances from certain specified land-use 
areas kg.,  li2 mile from a secondary high- 
way) are also imposed as restrictions on 
burning. 

The importance of having a n  up-to-date 
knowledge of traditional Sta te  and local a i r  
quality regulatory requirements is evident from 
these examples. In addition, the forestry smoke 
manager needs firsthand knowledge of specific 
concerns in each Air Quality Control Region 
(AQCR) and in any Air Quality Maintenance 
Area (AQMA) where he works. 

AIR QUALITY 
CONTROL REGIONS 
AND MAINTENANCE 
AREAS " 

The primary air quality ahinistrative area 
is the Air Quality Control Region (AQCR). These 
areas were designated on the basis of geographical 
and meteorological considerations, as well as polit- 
ical boundaries. For this reason, they may tran- 
scend Scate or county borders. 

Initially, in 1971 these AQCR's were classified 
Priority I, 11, or I11 based upon existing air quality 
to assist States in planning. In each AQCR the 
sources of air pollution were identified and control 
measures adopted that, after analysis, were felt to 
be sufficient to provide for attainment of the Na- 
tional Ambient Standards upon implementation. 

In 1973, a court decision required EPA to dis- 
approve all State Implementation Plans (SIP'S) 
for not providing for maintenance of the ambient 
s tandards  beyond t h e  a t t a i n m e n t  date  of 
mid-1975. The court held that SIP'S had addressed 
the growth of pollution sources and their related 
air emissions only until the time when standards 
would be attained, and not beyond. Further, the 
court made clear the Clean Air Act required the 
development of a plan that included provisions for 
continuing attainment and maintenance of the 
ambient standards well beyond the attainment 
date. In response to the court's decision, EPA 
developed procedures for each State to use in 
assessing the maintenance issue. Each State was 
asked to review the air quality within its jurisdic- 
tion and identify those areas (usually counties) 
that, due to anticipated growth, had the potential 
to violate the  ambient standards during t h e  
forthcoming 10-year period. These areas were 
identified as Air Quality Maintenance Areas 
(AQMA's) . 

In most cases, the area designated as an  
M M A  is only a portion of an AQCR. Usually the 
AQMA is urban as well as the surrounding area 
expected to be affected by the same growth poten- 
tial. Designation of the AQMATs was completed in 
September 1975. Much emphasis has been placed 
on these AQMA's by each State in their reviews of 
growth and its impact on air pollution. The States 
are assessing strategies that, upon application, 
will provide continuous maintenance of the am- 
bient standards. 

2/ Porticnsof this Sectma were contributed by William M, Burch, Chief, Air 
s trace^^ Dev, Sect., Air Programs Branch, Air and Hazardous Mater. Div, U.S. 
Envlmn. Pmt. Agency, Reg. 1'4 Atlanta, Ga., 1975. 
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PREVENTION OF 
SIGNIFICANT 
DETERIORATION 

Additional court decisions involving in- 
terpretation of the Clean Air Act resulted in the 
development of the EPA p r o p m  to prevent sig- 
nificant deterioration (PSI)) of air quality. The 
Administrator put this program into effect on 
December 5,1974 (Federal Register 1974). 

These PSD regulations combined the concept 
of area classification with new source review pro- 
cedures and the application of best available con- 
trol technology. The preconstruction review of all 
new and modified sources now including 19 major 
categories (but not forestry burning) is designed 
to prevent their violating allowable increments of 
deterioration and to assure the employment of 
best available control technology (Federal 
Register 1975). States are being encouraged to ac- 
cept a delegation of authority to implement this 
review process fully. 

While t h e  regulations a re  directed to 
specifically named stationary sources, their im- 
portance to other sources lies in area classification 
by classes. 

The regulations stated that, effective Janu- 
ary 6, 1975, all areas are designated Class I1 and 
restrict deterioration to that associated with nor- 
mal, well-controlled growth. With the 1974 air 
quality regulations as a baseline, States may 
decide if areas should remain Class I1 or should be 
either Class I that restricts deterioration to a 
minimum, or Class I11 that levies no additional 
restrictions beyond State plan requirements and 
considers any deterioration as insignificant as 
long as no national standards are violated. These 
class designations differ from the priority 
classification discussed earlier in that they indi- 
cate levels of air quality to be maintained, whereas 
the priority classifications indicate the urgency to 
apply pollution abatement measures to the areas 
so designated. 

A VOLUNTARY 
DECISION PROCEDURE 
PROPOSED FOR 
FORESTRY 
SMOKE 
MANAGEMENT " 

3/ Chtributed by Southern Forest Fire Laboratory personnel who developed 
the &ision-~o~ic presented in Chapter VI. 

Even though the main focus of air quality 
regulations has been on stationary and automo- 
tive so- of emissions, southern fomt managers 
have sought a method by which they may volun- 
tarily help to avoid unwanted environmental con- 
sequences from prescription burning. In the pre- 
ceding sections of this Chapter, we have reviewed 
an evolving framework of air quality administra- 
tion. In Chapter I we discussed alternatives to 
burning, and in Chapter I1 we examined the 
characteristics of forestry smoke likely to bear on 
future increased regulatory interest, locale by 
locale. 

A single forestry burn will seldom be an im- 
portant emitter more than a few hours on 1 day ev- 
ery 3 or 4 years. It may; however, contribute emis- 
sions of consequence to a given atmosphere when 
the pollution load is already high, or when con- 
centrations temporarily exceed locally acceptable 
levels. Because they are based on long-term health 
studies, regulations and standards established for 
stationary and mobile sources of emissions do not 
lend themselves well to decision procedures for 
these transitory forestry sources. For example, 
standards are usually expressed as concentrations 
averaged over times longer than a forestry burn 
would last. Because of this, a time/concentration 
adjustment could be made which would still be 
within established standards; the adjusted con- 
centration could, however, be intolerable when 
judged by other criteria such as highway safety or 
personal respiratory difficulties. 

In some areas of the United States, carrying 
capacity of the atmosphere is estimated within 
certain boundaries. This approach is called the 
"%k Concept" in that this supposed finite at- 
mosphere is regarded as having limiting "walls" 
and a "lid." We have rejected this concept because 
it does not adequately represent actual dispersion, 
particularly in the initial stages. 

Our proposal will be fully presented in 
Chapter VI, after discussions in Chapters IV and 
V on the important variables affecting the pro- 
cedure. We believe the proposal will lend itself well 
to self-regulation or to agency administration. It 
emphasizes decisions for the single forestry burn, 
but also recognizes multiple contributions from 
other forestry burning or fixed sources. A major 
gain in air quality will be achieved in some locales 
if the procedures for multiple-source forestry 
burns are applied by mutual agreement between 
burners. 

Currently the best available control tech- 
nology (also used in many similar instances) is to 
limit the escape of particulate matter into the at- 
mosphere, regardless of the size or chemical com- 
position of the particulate matter. We have 
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adapted this control technology to short- term or 
instantaneous concentrations. 

Very small chemically reactive particles have 
a greater potential to impair health than large 
chemically inert particles. Regulatory agencies 
are placing increased emphasis on controlling 
more harmful components. Limiting strategies 
under development will thus likely be more 
specific. 

While many tedious operations are needed for 
decisions in complex situations, the basic pro- 
cedure involves just five main steps: 

1. Predicting a smoke plume trajectory 

2. Identifying key targets along this trajec- 
tory (in this text, targets denote locations where 
smoke concentrations are more likely to have un- 
wanted effects; e.g.: an AQMA, a "sensitive" com- 
munity, an airport, a road, a highway, a townsite, 
etc.) 

3. Selecting a maximum acceptable partic- 
ulate matter concentration for each key target 
identified 

4. Determining the "background" pollutant 

level within the target area, then adding this to 
the prescribed fire concentration predicted to 
reach the zone where the target is identified 

5. Comparing the maximum acceptable con- 
centration in No. 3 with the total concentration in 
No. 4. 

Selection of a maximum acceptable con- 
centration in No. 3 above can be either as deter- 
mined by a special ambient air quality require- 
ment in effect or desired, or as dictated by a need to 
maintain a certain level of visibility. In the pro- 
cedure described in Chapter VI, either type of 
value can be selected by the decisionmaker. There 
is an implication in the literature that public com- 
plaints are more closely associated with visibility 
reductions and with effects of visibility irnpair- 
ment on highway and air traffic safety. Decision- 
makers arriving at acceptable concentrations may 
also be influenced by the current indication that 
visibility-determined concentrations for total sus- 
pended particulate matter are more stringent 
than those suggested by published human health 
effects (US. Department of Health, Education, 
and Welfare 1969). 

Figure 13, - A first step in smoke management is to identify potential targets - areas that might 
be adversely affected by the smoke from a prescribed burn. 

2 7 
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CHAPTER IV 
FUELS, FFIRE BEHAVIOR, AAND EMISSIONS 

a r  W Johnsen, Research Forester 
W Henry McNab, Research Forester 
Walter A. Hough, Research Forester 

M. Boyd Edwards, Jz, Research Botanist 
Southern Forest Ere  Laboratory 

Southeastern Forest Experiment Station 
USDA Forest Service 

Macon, Georgia 
This Chapter prepares you to predict the 

amount of particulate matter emitted and the rate 
of heat release from deliberate burning of forest 
fuel. Making these predictions requires estimates 
of the amount of fuel that will burn, the rate at 
which fire will spread, the amount of particulate 
matter that evolves per ton of fuel burned (called 
emission factor), and the heat yield of the fuel. 

The material presented is organized as follows: 
variables affecting emissions and fire phases, heat 
release rate, emission rate, specific information by 

available fuel is needed in the emission rate and 
heat release rate equations, total fuel must be esti- 
mated before the available value can be calculated. 

Three layers of litter will eventually develop 
on an undisturbed forest floor: a top litter layer 
(L), a fermentation layer (F), and a humus layer 
(H). When sampling, the two upper litter layers 
(L + Ii') can be grouped. These L + F layers account 
for most of the fuel consumed during prescription 
burns (Hough 1968). During droughts, considera- 
ble humus can also bum. Live vegetation in the 

fuel types, and a conclusion. Although many fuel understory must also be accounted for since it will 
complexes are present in the Southeast, only the be consumed in varying degrees, depending on the 
major types in which most of the prescription bum- burning conditions. 
ing is done will be discussed, The identification of 
each fuel type is generally based on its vegetative RATE OF SPREAD 
cover and, Gsomktent ,  on the ecological province Rate of fire spread must be known to compute 
it occupies. The major fuel types discussed in sepa- particulate matter emission rate and heat 
rate sections are: grasses, pine needle litteq palmet- rate to the ahnosphere prescribed fire. 
to-gallberry, light brush, and pine logging debris. 

The rate at which fire advances through a 

VARIABLES 
AFFECTING 
EMISSIONS AND 
FIRE PHASES 

Emissions of particulate matter are in- 
fluenced by many variables as are fire phases. 
These are reflected in fuel loading, rate of spread, 
burning method, and combustion stage. 

FUEL LOADING 
It is important to understand the difference 

between total fuel and mailable fuel. lbtal fuel is 
the entire accumulation of vegetative matter, liv- 
ing or dead, that could possibly bum if properly 
conditioned. Available fuel is that portion of the 
total fuel that will be consumed by a fire during 
the burning period following ignition. While 

forest fuel usually depends on windspeed and on 
size, arrangement, and moisture content of the 
surface litter and understory fuel. An exception is 
when the fire is backing against the wind. In that 
case differences in windspeed have a negligible 
effect on spread rate, and a windspeed of zero 
should be used when entering the rate of spread 
tables. 

Fire spread rates vary by fuel type because of 
differences in fuel type and arrangement. They 
are, therefore, discussed individually in the  
Guidebook. 

BURNING METHOD 
The burning method employed will depend 

upon the kind of area to be burned and the burn- 
ing conditions. There are four main categories of 
burning method: 

L3aclztng.fires are those that are ignited on the 
downwind side of an area and permitted to 
spread (or "back") against the wind. 
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Heding fires are ignited on the upwind side of 
an area and permitted to spread (or "head) 
with the wind. 

Sometimes, backing or heading fires are ig- 
nited in strips and allowed to burn together. 

Ring fires are ignited on all sides of an area to 
be burned. 

Area-cited fires or simultaneous-@ition fires 
are those that are ignited in many places at 
about the same time to result in many small 
fires burning together. 
Often, combinations of these categories are 
used. 

Burning is generally done in two kinds of 
areas. In the first, a tree overstory exists and con- 
siderable understory and/or litter are to be 
removed. The fuel is generally natural plant ac- 
cumulations that increase with time, although 
logging residue from thinnings may also be pres- 
ent. In the second kind of area a tree overstory no 
longer exists, but there is fuel on the ground. This 
fuel results from clearcut logging or brush clear- 
ing. 

When burning under a tree overstory, timber 
managers must be sure their fires do not seriously 
damage or destroy crop trees. A manager usually 
waits for those days when winds are likely to re- 
main steady for the burning period. He can then 
ignite the downwind side of his area and allow the 
fire to back slowly against the wind. If fuel loading 
is not excessive, intensity of a heading fire may be 
acceptably low. 

When burning areas free of an overstory, 
there is obviously no need for concern about 
damage to an overstory. The main purpose of such 
burns is to consume as much fuel as possible on 
the area. Only precautions to prevent fire escape, 
to minimize air pollution downwind, to avoid soil 
damage and unwanted runoff of ash, etc., need be 
considered. High-intensity heading fires are 
generally used when the fuel is dispersed over the 
area. Such fires will usually jump gaps in fuel con- 
tinuity. 

There are times, especially in land-clearing 
operations, when much of the fuel exceeds 2 in- 
ches in diameter. If disposal of the large material 
by burning is desired, some form of piling is 
necessary. Concentrating the fine fuel with the 
large, allowing the entire mass to dry, and igniting 
the pile perimeters quickly to get rapid heat 
buildup will permit the large fuel elements to be 
ignited and eventually consumed. 

Burning method afFects rate of fire spread, 
rate of particulate matter emission, and amount of 
fuel consumed. In heading fires, a relatively large 

amount of fuel is consumed during the residual 
combustion stage, and more particulate matter is 
produced per unit of fuel burned. 

COMBUSTION STAGES 
We will discuss combustion in two main 

stages: advance-Font stage and residual stage. 
These stages may be broken down into substages 
to further characterize the fire behavior. For exam- 
ple, the advancing-fiont stage is usually a flaming 
Font, but can also be a smoldering h n t  For the 
burning situations covered in this Guidebook, only 
the two main stages are important to determining 
separate emission factors (EF) and emission rates 
(ER) due to marked differences in quantities of 
particulate matter emitted in these stages. 

FIRE PHASES 
For convenience, we have separated fires into 

two phases: convective-lift phase and no-convective- 
lift phase. The convective-lift phase is when most 
emissions are entrained into a definite convection 
column because of heat being seleased frorn the 
fire. The no-convective-liftphase is when most emis- 
sions are not entrained into a definite convection . 
column. Heat release rate will be of consequence 
to the plume rise of the convective-liftphase, but of 
no consequence to the no-convective-lift phase. 

MINIMIZING DURATION OF 
THE NO-CONVECTIVE-LIFT 

FIRE PHASE 
Long-duration residual combustion involves 

humus, organic soil, and large fuel elements such 
as stumps, snags, and logs. Decaying stumps and 
snags exceeding 10 inches in diameter contribute 
most to long-duration residual combustion. Large 
pieces of sound wood are not easily ignited during 
the relatively brief exposure to the flaming front of 
a prescribed fire. When ignition does occur, the 
rapid departure of reinforcing heat from. surround- 
ing sources causes quick flameout, and smoldering 
in sound wood is short lived. This Guidebook does 
not address the problem of long-duration residual 
combustion in detail because the great variability 
does not now permit a standard handling pro- 
cedure. There are, however, some safeguards that 
can be observed to minimize troublesome emis- 
sions during the associated no-convective-lift 
phase of fires. 

Rate of stump deterioration following timber 
cutting was observed in the Coastal Plains of 
Georgia (unpublished data, Southeastern Forest 
Experiment Station). Data from this study permit 
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estimation of the extent of rot in stumps if the 
time of cutting is known: 

Year after cutting Depth of decay 
(Inches) 

To minimize the amount and duration of 
residual combustion, take these actions: 

Fell dead snags. 

In cutting operations, keep stump height as 
low as possible to maximize moisture content 
of decaying stumpwood and speed decay 

Burn only when stump moisture content is 
high, as soon after a heavy rainfall as possi- 
ble. 

Scatter large, sound wood material. 

As necessary, provide for mopup. 

TOTAL LITTER LAYER 
MOISTURE CONTENT 

Fuel moisture is constantly changing, and 
the changes must be monitored. Both wetting and 
drying moisture curves for 10-hour timelag fuels 
are contained in the National Fire-Danger Rating 
System (NFDRS) (Deeming and others 19721, but 
they do not apply to pine needle litter. The wetting 
cums  are based on moisture absorbed by wood 
dowels that respond much slower than does pine 
needle litter. The drying curves approach 10 to 15 
percent moisture content in about 7 days-lower 

than measured moisture contents in heavy slash 
pine litter layers 7 days after a rain. Palmetto- 
gallberry, grass, and pine needle litter types all 
need more accurate litter moisture estimates. 
More appropriate curves were, therefore, 
developed using data from. experimentally burned 
plots in the South. 

Multiple-regression analysis showed that 
total litter layer moisture content could be pre- 
dicted with acceptable accuracy from days since 
rain and total litter layer dry weight (Hough 
1976). In the presence of these variables, relative 
humidity did not improve predictions. Using 
Hough's (1976) equations, table 7 was developed 
to show rates of drying for litter. ?I, enter the table, 
one must know the age of rough and yesterday's 
total litter layer moisture content. The value 
shown in the table is subtracted from yesterday's 
value to estimate today's total litter layer 
moisture content. 

During wet, rainy periods forest litter 
moisture content increases. Moisture retention 
capacity of total forest litter layers has been found 
to be up to 300 percent of dry weight (Swank and 
others 1972, Metz 1958, Helvey 1964, Van Wagner 
1970). Metz found this maximum moisture con- 
tent only after prolonged rainfall, indicating the 
importance of rainfall duration. This need was 
also shown by ~aul ,"  who found that maximum 
water uptake for pine litter occurs in 10 to 12 
hours. A single curve of total litter layer moisture 
content versus duration of precipitation was used 
to construct a table that gives a reasonable esti- 
mate of moisture content increases in the litter 
fuel bed (table 8). 

4/ Paul, James T. 1967. Influenceof rateof rainfall on pine litter moisture 
content. Unpublished report. Southeast. For. Exp. Stn., Macon. (;a. 

Table 7. - Daily correction to the total litter layer moisture content for drying 

Age 
of 

mugh 
(years) 

Yesterday's total litter layer moisture content (percent) 

46- 
55 

, 

1- 
5 

11- 
15 

6- 
10 

56- 
65 

16- 
20 

66- 
89 

110- 
129 

90- 
109 

21- 
25 

31- 
35 

26- 
30 

130- 
164 

36- 
40 

165- 
199 

41- 
45 

200- 
200+ 
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Table 8. - Correction to total litter layer moisture content for wetting due to precipitation 

Yesterday" total litter Iayer moisture content (percent) ii 

1/ A value of 250 percent is the practical maximum that should be used. If yesterday's total litter moisture content, plus the cor- 
rection for precipitation exceeds 250, enter 250 on records. 

To use table 8, all that is needed is duration of when there has been abundant for Or 

rainfall and a value for yesterday's total litter more hours so that an initial value of 250 ~ m e n t  

layer moisture content. me value taken from the for today's litter m o i ~ ~ ~  can assigned opposite 

table is added to yesterday's total litter layer the appropriate date and fuel loading class. Should 

moisture content to give the moisture content of a time of Year be selected for beginning to track 
the layer today. ~ ~ i ~ f ~ l l  duration should be ob- the total litter layer moisture when the chance for 

tained from nearby weather stations, or fmm fire- haYing 8 hours of continuous rain is remote, pick a 

danger rating stations that maintain rainfall day when at least 0.25 inch of rainfall occurs and 

duration recordsB A form (table 9) was designed to assign a litter moisture value of 100 for that day. 

keep track of daily changes in total litter layer If a number of stanch have diEerent ages of 
moisture content. This record should be stmted rough and are being considered for prescription 

Table 9. - Daily record of total litter layer moisture content 
-- 

Years Percent Time Time Hours Percent Percent Percent 
- + 
- + 

Daily record 
continues to 
end of month 
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burning, the daily drymg rates will have to be HEAT RELEASE RATE maintained for each age class. 

Steps and tables needed to d e t e e n e  total lit- TO THE ATMOSPHERE 
ter layer moisture content are: 

1. Obtain records of daily rainfall duration 
from the n e a ~ s t  weather station or fim-dmger 
rating station. 

2. Beginning with the day of interest (to- 
day), search the records backward until a day is 
found on which rainfall duration exceeded 8 hours 
or at least inch of rain fell. 

3. h a t e  that date on table 9 and enter 250 
or 100 in the "Way's" column for that day's litter 
moisture. 

4. Compute daily change in fuel moisture 
using instructions found on that form until to- 
day's date is reached. After these initial calcula- 
tions are completed, i t  is suggested that daily 
calculations of total fuel moisture be made to 
maintain ia current record. 

5. When rain has fallen in the past 24 hours, 
go directly to Step 7. m e n  it hm not, go to Step 6. 

6a. Record age of rough: y e a r s .  

b. Obtain yesterday's total litter layer 
moisture content from table 9. 

The rate of heat released to the atmosphere 
(HRR) by flames in an advancing-front combus- 
tion stage is needed to determine how high a 
smoke plume will rise during the convective-lift 
phase of the fire. Heat released from the residual 
stage of combustion is expected to be of impor- 
tance in some situations, but is only negligible for 
those situations covered in this Guidebook. 

The total heat of combustion of ovendry forest 
fuel burned in a bomb calorimeter averages 8,600 
British thermal units (Btu) per pound and is a 
maximum value. Considerable heat is lost when 
these fuels are burned in the forest in their 
natural state. There, heat yield varies from 5,000 
to 7,000 Btu. Losses are due to such phenomena as 
incomplete combustion, radiation, and the pre- 
sence of moisture in the fuel. Brown and Davis 
(1973) report that 6,300 Btu is a good average for 
fuel conditions and types of fire encountered when 
prescription burning southern fuels. Further 
details will be covered in the Forestry Smoke .Man- 
agement Source book. 

The calculations for heat release rate (HRR) 
are: 

1. 7b simplify the heat release rate equation 
and provide the dimensional units used in Chap- 
ters V and VI, we have determined a factor that in- 

c. Read correction factor due to drying cludes the heat yield constant and converts from 

from table 7. English to metric units-0.0012. 

d. Record factor in correction for daily dry- 
ing column opposite today's date on table 9. 

e. Subtract drying correction from yester- 
day's litter moisture. 

f. Record answer in today's total litter 
moisture content column on table 9. 

7 .  To increase yesterday's total  l i t t e r  
moisture content by a correction factor for rain: 

a. Record rain duration for past 24 hours: 
- hours. 

b. Obtain yesterday's litter layer moisture 
content from table 9: - percent. 

c. Read correction for rain in table 8. 

d. Record correction due to rain duration op- 
posite today's date and proper age of rough on ta- 
ble 9. 

e, Add rain correction to yesterday's litter 
moisture. 

f. Record answer in today's total litter 
moisture content column on table 9. 

2. The heat release rate equation with this 
conversion factor is: 

HRR = 0.0012 yA wrL (1) 

where HRR = heat release rate to the atmosphere 
in megacalories per second 

%= fractional part of available fuel in- 
volved in the advancing-fmnt eom- 
bustion stage (range 0.01 to 1.00) 

w = weight of available fuel in tons per 
acre 

r = rate of spread in feet per minute 

L = length of fire front in feet. 

PARTICULATE MATTER 
EMISSION RATE 

The particulate matter emission rate (ER) is 
the weight of suspended particulate matter pro- 
duced per unit length of line per unit of time. This 
rate is needed to determine how much will be 
transported and dispersed to targets downwind 
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from a burn. An emission factor (EF) will be used 
in this calculation. Each fuel type has been 
assigned a constant emission factor that reflects 
its unique characteristics. Within fuel types, fuel 
arrangement and moisture patterns are know to 
influence the EE We do not have sufficient data to 
calculate such variations precisely, and the 
calculations would be cmbersome. 

The manner in which particulate matter 
evolves from a prescription burn can differ 
measurably, depending upon available fuel and 
the manner of burning. All backing fires, and 
those heading fires burning on areas having low 
fuel loadings (I- to 2-year-old roughs), consume 
most of the fuel in the advancing-front combus- 
tion stage. However, heading fires in older roughs 
or in broadcast logging debris consume only 50 to 

80 percent of the fuel during the advancing-front 
combustion stage. The available fuel remaining in 
heading fires is consumed in the residual combus- 
tion stage. In the case of heading fires in older 
roughs and logging debris,  the^ is enough heat in 
the advancing-front combustion stage to entrain 
part of the residual stage emissions into a convec- 
tion column; after the heat diminishes, emissions 
from the residual combustion stage become associ- 
ated only with the no-convective-lift fire phase. 

Contributions of emissions from the two com- 
bustion stages to the convective-lift fire phase and 
to the no-convective-lift fire phase are sum- 
marized by fuel type and burning method (table 
10). More detailed information on emission factors 
(EF) is in separate sections to follow for each fuel 
type. 

Table 10. - Contribution of emissions from combustion stages to fire phases 

Grass with pine overstory: 
all burning methods 

Fuel type and burning method 

Pine needle litter andlor 
light brush with age of 
rough 2 years and less: 

all burning methods 

Pine needle litter and/or 
light brush with age of 
rough more than 2 years: 

backing fires 

Fire phases 

heading fires 

Convective-lift (CL) 
phase 

Palmetto-gallberry with age 
of rough 2 years and less: 

all burning methods 

No-convective-lift 
(NCL) phase 

Palmetto-gallberry with age 
of rough more than 2 years: 

backing fires 

heading fires 

Unpiled logging debris: 
all burning methods 

Advancing-front stage 
EF = 15 Iblton 

Advancing-front stage 
EF = 50 Iblton 

Advancing-front stage 
EF = 50 lblton 

Advancing-front stage 
EF = 50 lblton and 
Residual stage 
EF = 180 lblton 

Advancing-front stage 
EF = 25 Iblton 

Advancing-front stage 
EF = 25 lblton 

Advancing-front stage 
EF = 25 lblton and 
Residual stage 
EF = 125 lblton 

Advancing-front stage 
EF = 35 lblton and 
Residual stage 
EF = 180 lblton 

None 

None 

None 

Residual stage 
EF = 180 lblton 

None 

None 

Residual stage 
EF = 125 Iblton 

Residual stage 
EF = 180 lblton 
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A factor of 570 is needed to convert from the 
familiar English units (pounds, acres, feet) used to 
describe our fuel, fire movement, and emission fac- 
tor (EF) to the metric units needed in the emission 
rate (ER) dispersion equation in Chapters V and 
VI. 

The equation for the advancing-front com- 
bustion stage particulate matter emission rate 
(ERA) is: 

ERA= 570 yAwrEFA (2) 

where ERA= particulate matter emission rate in 
micrograms per meter-second 

yA = fractional part of available fuel in- 
volved in the advancing-front com- 
bustion stage (range 0.01 to 1.00) 

w = weight of available fuel in tons per 
acre 

r = rate of fire spread in feet per minute 

EFA = emission factor in pounds per ton for 
the advancing-front combustion 
stage. 

The particulate matter emission rate (ER R ) 

for the residual combustion stage can be calcu- 
lated in the same manner as for the advancing- 
front stage of combustion: 

where ERR= particulate matter emission rate in 
micrograms per meter-second 

= fractional part of available fuel re- '' maining to be involved in t he  
residual combustion stage (or 1 - yA) 

w = weight of available fuel in tons per 
acre 

r = rate of fire spread in feet per minute 

EFR = emission factor in pounds per ton for 
the residual combustion stage. 

For the convective-lift phase of heading fires 
where the total emissions must include those from 
both the advancing-front stage and the residual 
stage of combustion, a total emission rate is calcu- 
lated as follows: 

ERA+R= ERA+ ERR (4) 

h e 1  types are discussed individually in the 
following sections. Since all of the referenced ta- 
bles must be used in Chapter VI, they are pre- 
sented therein for convenience of users, and will 
only be cited here to avoid repetition and save 
space. 

GRASS WITH PINE 
OVERSTORY 
FUEL TYPE 

DESCRIPTION 
Loblolly, slash, and longleaf pines in the 

South are normally associated with various 
grasses, most of which form bunches rather than 
turf. 

Figure 14. - Grass with pine overstory fuel type. 
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Grasses of the genus Andropogon-including 
broomsedge (A. uirginlcus L.), little bluestem(A. 
scoparius Michx.) , and slender bluestem !A, tener 
Muhl.1-are dominant on all of the moist sites 
where longleaf has been succded  by slash and 
loblolly pines, or where sites have been extensively 
disturbed by cultivation or site preparation such 
as disking, chopping, and berfding (Crelen 1962). 
On drier, sandy sites where longleaf pines pre- 
dominate, wiregrass (Aristida spp.) dominates the 
site. 

Where grass makes up a significant portion of 
the total fuel loading (estimated to exceed 50 per- 
cent by weight), and the presence of shrubs is in- 
significant, the fuel type will be designated 
"grass." Where a dense pine overstory exists, the 
fuel type is considered the same as a "pine needle 
litter type" after age of rough is more than 1 year. 

FUEL LOADING 
Grass fuels in forested stands are unique. The 

greatest accumulation occurs after the first grow- 
ing season following a fire and continues to 
decrease thereafter. The decrease is due to the 
smothering effect of accumulating needles shed 
from a pine overstory and the shading effect of a 
developing brush understory. Total grass ac- 
cumulation in tons per acre is presented in table 
VI-F-1, page 105, for easy use. For grass, available 
fuel will be considered equal to total fuel. The 
available fuel in any pine needle accumulation 
must also be estimated (table VI-F-5, page 109; or 
table VI-F-6, page 110; and table VI-F-7, page 
111). 

EMISSION FACTOR 
Evidence available from the experimental 

burning of many grass species suggests an emis- 
sion factor of 15 (pounds of particulate matter per 
ton of fuel) for prescribed burning with heading or 
backing fires. We are assuming that most of this 
burning will take place when fuel moisture is be- 
tween 4 and 15 percent (dry basis), and that all 
fuel is consumed during the advancing-front com- 
bustion stage. 

RATE OF SPREAD 
The estimating system that best represents 

measured rate-of-spread values in grass fuel was 
calculated from the Rothermel rate-of-spread 
equation using typical grass fuel characteristics 
(Rothermel1972). Calculated values have been 
converted to tabular form so that the only varia- 
bles needed to determine the rate of spread are fine 
fuel moisture and windspeed (table VI-F-4, page 
108). Actual fuel moisture can be derived from ta- 
ble VI-F-2 (page 106) where the fuel moisture is 

shown to be a function of ambient temperature, 
relative humidity, and cloud cover. The windspeed 
used should be that at midfiame height. This value 
can be approximated by obtaining the value re- 
ported from a 20-foot tower at the nearest fire- 
danger rating station and dividing that value by 4. 

Data from table VI-F-4 fpage 108) should be 
used only for sites with slopes of 20 percent or less. 
The table is suitable for the Coastal Plains of the 
South where most prescription burning is done. 

Fire travel in feet per minute from the table 
can be converted to miles per hour as follows: 

feet per minute 
mph = 

88 

PINE NEEDLE LITTER 
AND LIGHT BRUSH 
FUEL TYPES 

The forest floor of pine stands having light 
brush understories may appear quite different 
from that of a pine stand without an understory, 
but knowledge gained from studying fuel buildup 
and fire behavior in these stands shows them to be 
very similar. They will, therefore, be treated as a 
single fuel complex, 

Pine Needle Litter 
In well-stocked pine stands, understory 

grasses and shrubs are drastically reduced after 
crowns close due to overhead shading from the 
pine canopy, competition from pine roots, and the 
blanketing effect of the shedding pine needles. 
The areas are generally parklike with a blanket 
of pine needles covering the soil surface. Understo- 
ry shrubs that are present are sparsely scattered, 
and grass is found mainly in stand openings. 

This type usually develops where previously 
cultivated land has reverted to pine forest, and 
where sites have been carefully prepared by plow- 
ing, disking, or bedding prior to pine regeneration. 

Light Brush 
This type is found throughout the Piedmont 

and Upper Coastal Plain regions of the Southern 
States. The fuel mixture consists of grasses, forbs, 
pine needle litter (usually loblolly pine), deciduous 
shrubs, and small deciduous trees such as  
blackgum (Nyssa syluatica Marsh.), sweetgum (Lig- 
uidambar styractflua L.), red maple Cllcer rubrum 
L.1: oaks (@emus spp.), etc. There may also be 
some scattered nondeciduous shrubs, such as wax 
myrtle (Myrica cerifera L.) or holly (Ilex opaca 
Ait.). 
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Figure 15. - Backing fire in pine needle litter fuel type. 

During the winter and early spring when McNab and Edwards (1976). For field use, the 
prescription burning is usually done, only the ovendry values are presented in table VI-F-5 (page 
naked stems of the shrubs are standing. All the 109). This table shows, for example, that in a 5- 
leaves have fallen and become part of the litter year-old rough where the stand basal area is 70 
layer - together with the grass, forbs, and pine square feet, there would be a total litter accumula- 
needles. Most of the available fuel is in this layer. tion of 6.1 tons. 

FUEL LOADING 
Because rate of pine needle accumulation 

under slash pine stands differs considerably from 
accumulations under loblolly or loblolly-longleaf 
stands, separate tables for predicting fuel loading 
will be presented for each. 

Litter accumulation is the same whether an 
understory does or does not exist. In stands where 
no understory exists, only the litter fuel need be 
considered as total fuel for the area. Where under- 
story fuels will be consumed by a prescribed burn, 
the two fuel fractions must be summed to estimate 
total fuel. 

Slash Pine Litter Total Fuel Estimate 

Slash Pine Litter Available Fuel 
Estimate 

The portion of total fuel that is available for 
consumption by a prescribed fire is directly correl- 
ated with the moisture content of the fuel. By 
estimating total loading from table VI-F-5 (page 
109) and deriving the total litter layer moisture 
content (percent), the amount of fuel available for 
burning can be read from the center of table VI- 
F-7 (page 11 1). Tb use the table you must know the 
total litter layer moisture content, discussed 
under VARIABLES AFFECTING EMISSIONS 
AND FIRE PHASES. 

Loblolly Pine Litter And 
Light Brush Total Fuel Estimate 

Equations describing the relationships be- The primary fuel consumed during a 
tween litter accumulation on the forest floor, basal prescribed burn in this fuel type is loblolly pine 
area, and age of rough have been reported by needles, or a mixture of loblolly and longleaf or 
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loblolly and shortleaf needles-possibly with some burned loblolly needle beds at a moisture content 
hardwood brush leaves. of 6 to 10 percent had an emission factor of 17 

High densities of young hardwood and brush pounds per ton of fuel consumed; but at a 19 per- 

stems m present in type. During the ming cent moisture content, the value was 28 pounds. 

season, the brush is very evident due to the pres- Particulate matter emissions measured on 
ence of their green leaves; but during dormancy, several backing fires in slash pine plantations 
when all the leaves have been shed, only naked averaged approximately 50 pounds per ton of con- 
stems are evident. Although they are usually sumed fuel. This higher emission factor is thought 
killed by the heat, the stems are not generally con- to be due to differences in moisture content of 
sumed in prescribed burns. different litter layers. 

An insufficient number of loblolly pine plots 
were sampled to develop a total litter prediction 
equation as was done with slash pine litter. The 
slash pine litter model was tried for estimating 
loblolly litter accumulations using the loblolly 
stand parameters of basal area and age of rough. 
In every case, the slash pine model overestimated 
the actual loblolly weights. We decided to use the 
model and calculate an error factor by regression: 

Error factor = 1 + p.74 + 4.49 (age of rough) 
100 I 

Then, 
Slash pine litter weight 

Loblolly litter weight = 
Error factor 

Using values from slash pine litter data and 
the error factor equation, loblolly pine litter ac- 
cumulations were computed and listed in table VI- 
F-6 (page 110). Considerable estimation error may 
occur when using values in excess of 5 tons per 
acre because those values are extrapolated well 
beyond the weights actually measured on our 
limited sample plots. 

Loblolly Pine Litter and 
Light Brush Available 

Fuel Estimates 
Loblolly litter can now be determined from 

table VI-F-7 (page 111) using the total weight 
values derived from table VI-F-6 (page 110) and 
total litter layer moisture content as earlier dis- 
cussed under VARIABLES AFFECTING EMIS- 
SIONS AND FIRE PHASES. 

EMISSION FACTOR FOR 
SLASH 

AND LOBLOLLY PINE LITTER 
AND LIGHT BRUSH FUEL 

TYPES 

Until further knowledge is gained to recon- 
cile the differences in particulate matter emis- 
sions between laboratory and field burns, and to 
account for the effect of fuel moisture, an emission 
factor of 50 pounds of particulate matter per ton of 
needles consumed should be used. Most emissions 
are from the slow-moving flaming portion of the 
fire. 

Heading Fires 
Emissions from heading fires moving 

through pine needle fuel (ERA+R usually come 

from both the advancing-front combustion stage 
and the residual combustion stage that take place 
immediately after passage of the advancing front. 
Thus,  ERA+^= ERA+ ER R . 

In the advancing-front stage the emission fac- 
tor would be identical to that of backing fires, 50 
pounds per ton of fuel consumed; but the emission 
factor in the residual combustion stage could be up 
to 180 pounds. These data are based on the burn- 
ing of small fuel beds in a laboratory, but are the 
best available. 

Where litter buildup is low, as in a 1- to 2-year- 
old rough, emissions from residual combustion are 
negligible and only advancing-front combustion 
need be considered. Such burns would have an 
emission factor of 50. 

RATE OF SPREAD 
Pine needle and low-brush fuel types are 

similar in fuel makeup and arrangement. Fire 
behavior will, therefore, be considered the same for 
identical fuel moisture and wind conditions. 

The best estimate of rate of fire spread in this 
fuel type was calculated with the Rothermel 
spread model (Rothermel 1972). Rates of fire 
spread are shown in table VI-F-8 (page 112). 

Particulate matter emissions from burning As in the grass model, rate of fire spread can 
pine needle litter were derived from laboratory be predicted by knowing only midflame windspeed 
and field experiments by Southern Forest Fire and fine fuel moisture (1-hour timelag) values. 
Laboratory personnel. This windspeed can be estimated by obtaining a 

value from a 20-foot, open-tower installation at a 
Backing Fires nearby fire-danger rating station and dividing 

As fuel moisture increases, so does emission that value by 4. Fine fuel moisture can be read 
of particulate matter. Backing fires in laboratory- from table VI-F-3 (page 107) as a function of only 
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relat ive humidity. Rate of spread in feet per 
minute is read from table VI-F-8 (page 112). If 
desired, the rate of spread in feet per minute can be 
converted to miles per hour: 

feet per minute 
mph = 

88 

PALMETTO- 
GALLBERRY WITH 
PINE OVERSTORY 
FUEL TYPE 

DESCRIPTION 
T h e  vegetation commonly referred to by 

southern forest fire control personnel as the 
palmetto-gallberry fuel type can vary widely in 
amount  of vegetation and plant composition 
throughout its range. Saw-palmetto (Serenoa 
repens IBartr.1 Small) is native to the Lower 
Coastal Plain, extending south from Charleston, 
South Carolina, into the whole of Florida and west 
into southeastern Louisiana (Hilmon 1968). 

The gallberry (Ilex glubra lL.1 Gray) range 
overlaps the palmetto range, but is considerably 
more extensive, stretching f m  Nova Scotia to 
Louisiana (Gleason 1968). Within the fuel type 
both shrub species are generally associated and 
predominate, although in south Florida t h e  
gallberry may be totally absent. 

Other shrub associates include blueberry 
( Vaccinium myrsinites Lam.), dwarf pawpaw 
Msimina parviflora [Michx.] Dunal.) , titi (Cyrilla 
racemiflora L.), dwarf candleberry (Myrica cerifera 
var. pumilu Michx.), tar-flower (Befaria racernosa 
Vent.), running oak (Quercus pumila Walter.), 
huckleberry (Gaylussaciu spp.) , fetterbush (Lyonia 
lucida [Lam.] K.  Koch), pepperbush (Clethra 
acuminata var. tomentosa [Lam.] Michx.) , etc. 

The herbaceous stratum is made up primarily 
of grasses and dominated by wiregrass and broom- 
sedge. 

The genera Aristidq Andropogon, Panicurn, 
and Rhynchospora comprise a major portion of the 
herbaceous weight on sites that are frequently 
burned. In parts of South Carolina, brackenfern 

Figure 16. - Palmetto-gallberry fuel type. 
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(Pteridium a~uilinum iL.1 Kuhn.) is the predomi- 
nant herb, while tropical shrubs predominate in 
the south Florida Everglades. 

This fuel type is usually found under an over- 
story of loblolly, slash, or longleaf pine, and con- 
siderable quantities of pine needles are mixed 
with dead grass and other vegetative debris in the 
ground litter, All estimates of fuel buildup for this 
type assume the presence of a pine overstory. 

FUEL LOADING 
The palmetto-gallberry type has two levels of 

fuel: (1) the understory living vegetation and 
standing or logged debris and (2) dead material on 
the forest floor. Separate computations must be 
made for each level. 

Understory 
Weight of understory vegetation is related to 

time since last disturbance (age of rough) and 
vegetative height. Table VI-F-9 (page 113) shows 
weights of understory vegetation; but to use it, 
average height of representative understory 
vegetation must first be estimated. If, for example, 
understory height averages 4 feet and age of 
rough is 3 years, the  weight of understory 
material would be 4.6 tons per acre. 

Available Litter h e 1  Estimate 
The litter buildup in a palmetto-gallberry 

fuel type is primarily influenced by the pine over- 
story and should be predicted from table VI-F-5 
(page 109) or VI-F-6 (page 110) using basal area of 
the stand and age of rough as inputs. 

Data from prescription-burned experimental 
plots containing aerial fuel in addition to pine lit- 
t e r  were analyzed for fuel consumption. 
Differences between backing and low-intensity 
heading fires were not great, so all the data were 
combined. Data needed to estimate available fuel 
are: 

1. n t a l  standing understory vegetation (ta- 
ble VI-F-9, page 113) 

2. Total litter fuel (table VI-F-5, page 109) 
or VI-F-6 (page 110) 

3. Moisture content of the total litter layer 
from a worksheet (table 9) as shown in this 
Chapter, 

Tables 7 and 8 are used to determine the 
changes in moisture content of the total litter 
from normal drying, or from wetting by rain. 
Their use is explained on pages 31 and 32. 

The amount of available fuel consumed from 
the entire understory fuel bed (includes litter) is 
presented in table VI-F-10 (page 114). This table 
has six sections (10, 20, 40, 80, 120, and 160 per- 

cent) that  represent the range of l i t ter  fuel 
moisture that would be expected when prescribed 
burning would be considered. The moisture inter- 
val is smaller a t  the lower moisture contents 
because the change in available fuel consumed is 
greatest at these lower moisture contents. Should 
the predicted moisture level not correspond to one 
of the moisture content sections listed (e.g., 50 per- 
cent instead of 40 or 80 percent), choose the sec- 
tion with the  closest value (the 40-percent 
moisture content in this case), Limitations on the 
accuracy of estimates in the palmetto-gallberry 
fuel type depend primarily upon the accuracy of 
the litter and moisture content estimates. These 
estimates should, therefore, be made with care. 

EMISSION FACTOR 
The calculated emission factors from experi- 

mental field burns in Georgia ranged from 11.8 
(pounds of particulate matter per ton of consumed 
fuel) to 41.2. Based on these field experiments, an 
advancing-front particulate matter emission fac- 
tor (EF of 25 pounds per ton of palmetto-gallber- A 
ry fuel burned is suggested for use with backing 
fires. This value is believed to be less than emis- 
sions from pine needle litter because fuel bulk den- 
sity is lower and combustion is, therefore, more 
efficient. No measurements were made for heading 
fires in the type; if heading fires in 1- or 2-year-old 
roughs are contemplated, the same emission fac- 
tor of 25 should be used. Emissions from the 
residual combustion stage are considered negligi- 
ble for heading fires in young roughs. 

Heading fires in older roughs would evolve ap- 
preciable emissions during residual combustion in 
the litter layer; a much higher emission factor for 
this stage of combustion (EFR) of 125 pounds of 

particulate matter per ton of palmetto-gallberry 
fuel consumed is suggested for use. The emission 
rate (ERA+R) for the convective-lift fire phase of 

older rough heading fires is: 

ERA+R= ERA+ ERR 

RATE OF SPREAD 
Rate of fire spread in palmetto-gallberry fuel 

was estimated from measures of fuel and fire 
behavior in this fuel type. Hough and Albini 
(1976) describe the measurement and analytical 
procedures used to derive the rate-of-spread equa- 
tions. If windspeed at midflame height and fine 
fuel moisture (table VI-F-3, page 107) are known, 
fire spread rate can be read directly from table VI- 
F- l l ?  page 115. For backing fires, assume the 
windspeed is zero. 
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Figure 17. - Emissions from the residual combustion phase in backing fires, and in heading fires 
with rough less than 2 years old, are negligible for the palmetto-gallberry fuel type. 

The proper value to be used for midflame tion of all small and much of the larger residue ele- 
windspeed in table VI-F-11 (page 115) can be esti- ments (branches and tops exceeding 1 inch in 
mated by using values taken from a 20-foot, open- diameter), or it  can be left scattered where the in- 
tower installation at  the nearest fire-danger sta- dividual trees were felled to be consumed by a 
tion and dividing that value by 4. If desired, the broadcast burn of the area. The latter type burn 
rate of spread can be converted to miles per hour: usually consumes only residue less than 1 inch in 

feet per minute diameter. 
mph = 

88 We have insufficient data to account for 
differences in emissions from piled debris because 

PINE LOGGING piling methods and pile conditions can vary 
widely. Therefore, this Guidebook will not have a 

DEBRIS FUEL TYPE section for piled debris. Further research in this 
fuel type is in progress. The Guidebook does, 
however, give a procedure for predicting particu- 

DESC~IF'TION late matter emission rate and heat yield from the 
burning of broadcast debris, This procedure is 

This type is made up of tree parts left On based upon very scant observations and little ex- 
an area following logging, plus a very disturbed perimental evidence, 
natural  understory fuel. The debris consists 
mostly of the upper portion of the central bole, 
tree branches, and needles. Other residue could in- FUEL LOADING 
clude unmerchantable "whip" trees and hard- Residue weight may be estimated by several 
woods. methods. The traditional procedure is to gather all 

Logging debris can be burned in one of two material from many small sample plots, separate 
ways. The debris can be piled to permit consump- by size class, dry, and express weight on a unit area 
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Figure 18. - Unpiled pine logging debris fuel type. 

basis. More recent estimating procedures are the broadcast burning a logged area. Note that the 
line intercept method (Van Wagner 1968) and the average d.b.h. of the logged stand has some effect 
planar intercept method (Brown 1971). These on the amount of residue that will be left on the 
methods are useful where the slash from several ground. If d.b.h. of the stand averaged 8 inches and 
species of trees is present. The techniques do not the species was loblolly, for every cord of timber 
require the collection of material, but considerable cut there is 0.15 ton of available residue on the 
field time and effort are still needed. ground. If average stand d.b.h. was 11 inches, 

A quicker and more economical is to there is 0.12 ton of available residue per cord. Total 

relate the quantity of crown residue left on the residue on an area is the product of tons of residue 
ground to average diameter a t  breast height Per cut VI-F-12, Page 116) and 
(debah.), basal area, and volume in the stand that cords cut On the area* dividing this EUiswer 

was cut. Two have been completed on the number of acres in the logged area, the 

amount of dry residue left on the forest floor residue weight is expressed in tons per acre. 

following standard logging of two major southern 
species. One involves loblolly pine residue ~%ras 
and Clark 1974) and the other slash pine residue 
(data on file at  the Southern Forest Fire Laborato- 
ry). 

Logging debris t h a t  has  been left  u n -  
disturbed and is scattered over the entire logged 
area is generally burned with some form of head- 
ing fire. Such fires consume only fuel less than 1 
inch in diameter. Table VI-F-12 (page 116) depicts 
the amount of residue, in tons per cord cut (log- 
ged), that would generally be consumed when 

SPECIAL RULE OF THUMB 
Debris that has been left broadcast over a log- 

ged area is usually burned in one of two ways. It 
may be head fired from its upwind side toward the 
downwind side, which is usually backfired in ad- 
vance. Primary fuel consumption is from the 
movement of the heading fire, and length of the ac- 
tive burning front for computing heat release rate 
(HRR) is easily ascertained. 
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Ring firing may be used instead. This tech- downwind edge of the area and connect these two 
nique usually begins with the firing of the down- lines with diagonals from the extremities of each. 
wind side of the area, followed by the firing of the Where the diagonals intersect, label the point (x). 
two flanks simultaneously. Finally, the upwind Length of fired line for computation of HRR is the 
side is fired to totally encircle the area with fire. sum of scaled lines a to x and b to x. This is the en- 
Fire movement is towad the center of the area. try needed for Chapter VI. 

Determining the length of active fire for a 
ring-fired area poses problems. When there is wind EMISSION FACTOR 
movement, the heading portion of the fire is ob- 
viously active. But so are the flanks, and as the fire 
progresses all sides are shrinking in length. For 
purposes of this Guidebook, the movement of the 
backing fire will be ignored, even though this side 
of the fire is obviously contributing some heat and 
particulate matter to the reaction. Where ring fir- 
ing. is used and there is no wind, all fired sides pro- " 
bably move toward the center at an equal rate.- 

A rule of thumb has been developed for 
estimating a length-of-fired line value for comput- 
ing HRR in Chapter VI. The procedure was 
developed in an attempt to make an allowance for 
the fire activity on the burning flanks. ?b complete 
the procedure, a scale map of the area to be burned 
is needed. On the map, draw a line perpendicular 
to the expected or planned wind direction along 
the upwind edge of the area to the extremities (fig. 
19, line a to b). Draw a second line (c to d) along the 

Emissions from fires moving through unpiled 
logging debris occur in two phases- the convec- 
tive-lift phase and the no-convective-lift phase. 
Emissions during the convective-lift phase are 
from both the advancing-front combustion stage 
and the residual combustion stage behind the ad- 
vancing front. 

Six to 18 months usually elapse between log- 
ging and burning. During this time much of the 
accumulated litter breaks down, leaving primarily 
the logged litter layer of residue over the soil. 
Upon firing, 75 percent OI\ = 0.75) of the available 
fuel is estimated to be consumed in the advancing- 
front combustion stage, leaving only 25 percent 
(yR = 0.25) to be consumed during the residual 
combustion stage. These proportions are based on 
data taken from sample areas of debris burned in 
the southern Piedmont of Georgia near Macon. 

Determination of representative emission fac- 
c tors for this fuel type must be partially subjective 

due to the limited data currently available. 
Results from the limited fuel beds burned in the 
laboratory indicate emission factors much below 
values expected, compared with values for the 
seemingly similar pine needle litter and palmetto- 
gallberry fuel types. The difference between ex- 
pected results and laboratory results can be ex- 
plained only by hypotheses that: (1) aerial dis- 
tribution of pine logging debris may result in 
flame interactions that reduce particulate matter 
emissions, and (2) laboratory fuel beds used may 
not have been representative of area-wide fuel ar- 
rangements found in actual field situations for 
pine logging debris. 

Laboratory-derived particulate matter EF 
values of 5 and 75 pounds per ton of fuel for pine 
logging debris in the advancing-front and residual 
combustion stages, respectively, must be regarded 
as tentative until further laboratory and field 
work is completed. We are suggesting, therefore, 
that 35 and 180 pounds per ton of fuel be used for 
the advancing-front and residual combustion 

a stages, respectively. These more conservative EF 
values for unpiled pine logging debris are drawn 
from comparisons with other fuel types, but allow 

Figure 19. - Procedure for determining length of for possible interactions indicated by limited 
fired line for heat release rate (HRR) calcula- laboratory work to date. Use of these values will 
tions for ring fires in the logging debris fuel minimize the risk of unwanted environmental 
type- consequences until research is completed. 
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When computing the emission rate to be used 
for the convective-lift fire phase for heading (or 
ring) fires (ERA+R) in this  fuel type, t he  

simultaneous activity of both stages of combus- 
tion are accountable. The equation is as follows: 

RATE OF SPREAD 
Observations of fire spread rate in this fuel 

type are limited. Until better data are available, 
the rate-of-spread curves in NFDRS Model C 
(Deeming and others 1972) fuel, with modifica- 
tions (table VI-F-13, page 117), should be used. 

The only input variables needed to read rate 
of spread from table VI-F-13 (page 117) are fine 
fuel moisture (from table VI-F-3, page 107) and 
midflame windspeed. The midflame windspeed 
should be obtained by taking the value at the 
nearest fire-danger rating station having an 
anemometer mounted on a 20-foot tower and 
dividing that value by 2. A factor of 2 is used 
rather than 4 because of the effect of removing the 
overstory. If desired, rate of spread can be con- 
verted to miles per hour: 

mph = feet per minute 
88 

CONCLUSIONS 
Although many voids in knowledge exist, we 

have presented useful new information on rates of 
spread and available fuel. These data have been 
badly needed in the fuel types covered. 

In general, practices and fuel conditions that 
minimize particulate matter production from the 
burning of forest fuel are: 

1. Favoring backing fires where possible 

2. Cutting to low stumps and felling dead 
snags 

3. Burning when fuel moisture is low 

4. Minimizing amount of logging debris 
through utilization to small top diameters 

5. Burning scattered logging debris rather 
than piled debris. 
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CHAPTER V 
SMOKE TRANSPORT AND DISPERSION 

James A. Pharo, Research Meteorologist 
Leonidas G. Laudas, Research Meteorologist 
Philip M. Bailey, Physical Science Dchnician 

Southern Forest Fire Laboratory 
Southenstern Forest Experiment Station 

USDA Forest Service 
Macon, Georgia 

The purposes of this Chapter are: Consider a parcel of air heated to a certain 

To outline phenomena affecting transport 
and dispersion of smoke 

To introduce concepts of a i r  pollution 
climatology important to scheduling burning 
operations when the probability of good 
smoke transport and dispersion is greatest 

Tb explain the bases we used to select and 
adapt mathematical models for predicting 
concentrations of smoke from forestry burn- 
ing. 

The models described were adapted only for 
common forestry burning situations in the South, 
but with further adaptation they can be applied 
elsewhere. 

PHENOMENA 
AFFECTING SMOKE 
TRANSPORT AND 
DISPERSION 

It has been difficult to achieve a proper bal- 
ance between too much and too little information 
for the wide spectrum of readers expected to use 
this Guidebook. For those who desire more back- 
ground on basic weather variables, we suggest a 
text like Ere Weather (Schroeder and Buck 1970). 

ATMOSPHERIC STABILITY 
The definition of atmospheric stability as it 

affects smoke dispersion is the degree to which the 
atmosphere resists turbulence and vertical mo- 
tion. In this discussion it is convenient to consider 
portions of air as parcels. Parcels of air do not have 
strict boundaries (as if encased in a wrapper); 
they tend to mix and take on the characteristics of 
their surrounding environment. 

temperature at-the Earth's surface. The more 
unstable the atmosphere, the more readily the less 
dense, heated air parcel will rise by convection. 
Similarly, a more dense, cooled parcel of air will 
descend more rapidly under unstable conditions. 
When a parcel of air is heated by a forest fire and 
carries smoke with it, the rate and height of its as- 
cent are essential to our calculations of subse- 
quent dispersion. 

Atmospheric stability is more properly 
defined by air temperature changes with height 
over a specific location. The adiabatic lapse rate, a 
temperature decrease of lo C per 100 meters (5.5' F 
per 1,000 feet), defines a neutral atmosphere and is 
the basic reference for other stability classifica- 
tions. The atmosphere is unstable if its lapse rate 
is greater than neutral, and stable if less. Neutral 
conditions can usually be found below cloud bases 
during cloudy and windy conditions. An unstable 
atmosphere usually occurs in early afternoon on 
clear days with light winds. Stable conditions 
usually occur at night when the air is clear and 
the winds are light. 

TEMPERATURE INVERSIONS 
An inversion layer is a special case of the tem- 

perature-height relationship just discussed. ?'em- 
perature in this layer increases instead of 
decreases with height. When our previously con- 
s i d e d  heated parcel of air encounters an inver- 
sion layer it soon stops rising. Because it cools 
quickly as it rises, the parcel reaches the same 
temperature as the very stable surrounding air. 
An inversion can thus be thought of as a Ztd on a 
smoke column. 

Forestry smoke managers should be careful 
to avoid low and intermediate level inversions in 
order to keep from having such a lid imposed upon 
the smoke from their burns. If the inversion layer 
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Figure 20. - Major factors affecting smoke transport and dispersion include vertical plume rise, 
horizontal movement on an azimuth determined by the transport wind direction, and disper- 
sion by physical forces such as atmospheric mixing. 

is very weak (i.e., not very thick in the vertical Mixing heights of less than 500 meters are often 
dimension and temperature increase with height associated with air pollution episodes. 
is not great), the heated air from a fire can some- 
times penetrate this layer. When it does, the TRANSPORT WINDSPEED 
smoke then has a better chance for dispersion, but You have probably seen smoke columns that there is often a change in fire behavior. go up to one of the lids just described and then just Smoke from the no-convective-lift fire phase will smear out in all directions. This occurs when there not penetrate the inversion lid. It is, therefore, best is little or no transport wind. The smoke column to avoid prescribed burning when low inversion 
layers affecting the fire are predicted. that bends or shears is encountering wind as it 

rises. 

MIXING HEIGHT 
The temperature inversion is one kind of lid 

that traps smoke beneath it. Stable layers of less 
than inversron intensity are another form of lid. 
These lids determine mixing height. Mixing 
height is the atmospheric limit above which 
vigorous vertical mixing does not take place. It is a 
height at which airmass stability is sufficient in 
strength and depth to inhibit further upward 
transport of smoke. 

Windspeeds usually increase with height, ex- 
cept where funneling takes place near the ground 
(as through a mountain saddle or opening in the 
forest). 'llransport windspeed is the arithmetic 
average of all windspeeds within the mixing layer, 
including surface windspeed. Smoke concentra- 
tions usually decrease as transport windspeeds in- 
crease. Transport windspeeds of less than 4 meters 
per second are indicators of stagnant conditions 
which often result in air pollution episodes. 

Mixing height represents the top of the at- 
mospheric volume available for dispersion. High 

TRANSPORT WIND 
mixing heights imply that large volumes of air are DIRECTION 
available for smoke dispersion. Thus, with higher Wind direction usually veers (changes to the 
mixing heights, smoke concentrations will be right) with height. Veering with height is impor- 
less-especially at long distances from the fire. tant in determining where the smoke will go. The 
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change in wind direction with height is due to fric- inland. This sea breeze effect is due to land sur- 
tion that causes ground-level winds to be deflected faces being warmer than the sea surface. Similar 
to the left in the Northern Hemisphere. As the circulations, much weaker and less widespread, 
heightabovetheEarthincreases,thereisa oftenoccuralongmarginsoflesserwaterbodies, 
decrease in friction. The rougher the surface, the and even open fields, that differ significantly in 
greater the change. Veering with height over temperature from adjoining land surfaces. 
even-aged pine stands on relatively level terrain is 
between 15 and 20 degrees in the first kilometer 
(3,281 feet) of height. Over markedly uneven-aged 
pine stands in rough terrain, it is as much as 40 to 
45 degrees. Changes in wind direction with height 
tend to be more pronounced at night than during 
the  day because vertical motion is usually 
diminished at night. 

LOCAL-SCALE SYSTEMS 
Local-scale (sometimes called small-scale) 

systems are associated with fixed geographic 
features and do not travel from one location to 
another like high- and low-pressure systems. They 
often develop, persist, and dissipate in one small 
locale. Land and sea breezes are examples of this 
phenomenon. These breezes change stability, 
windspeed, and wind direction. 

Along coastlines on clear, summer days when 
early morning winds are light, onshore winds fre- 
quently develop by midafternoon -penetrating 

Mountain-valley or slope-valley wind is 
another example of a local weather phenomenon 
that can affect smoke transport and dispersion. On 
clear nights, high slopes cool by radiation; the air 
adjacent to them becomes colder and denser, and 
drains into the valley. The reverse of this drainage 
flow may occur during the day. 

These local-scale systems are important 
because they directly affect the dispersion of 
smoke by causing abrupt changes in local at-  
mospheric stability and can influence the direc- 
tion in which smoke will be transported. They are 
somewhat predictable-often site dependent. 

OBTAINING CURRENT AND 
FORECAST UTEATHER 

FOR APPLICATION 
Limits on values for the phenomena covered 

in the preceding section need to be specified in a 
fire prescription, then checked against current 
and forecast weather for a specific locale, and for 
specific times. 
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National Weather Service Forecast Offices 
can supply the following information in spot 
forecasts: 

M k h  he@t (also referred to as height of the 
mixing layer) 

Surface windspeed (in the open at a height of 
10 meters) 

Damport windspeed 
Damport wind direction. 

Both transport windspeeds and mixing 
heights are reported in metric units. The probable 
transport wind velocity (direction and speed) is 
usually the vector-sum of reported or forecast 
winds through the mixing height. 

As of this writing, stability expressed in the 
Pasquill (1975) stability classes used in Chapter 
VI is not available through the National Weather 
Service. These values may eventually be provided, 
but until they are the smoke manager must pre- 
dict the class from reported cloud cover and cloud 
he@t plus angle of the sun. A predicting method 
is provided in ?'able 11. 

POLLUTION 
CLIMATOLOGY 

Forestry smoke managers responsible for a 
large number of planned burns are urged in 
Chapter VI to develop schedules based upon the 
total number of days with good probability of 
satisfactory smoke transport and dispersion, as 
well as other burn objectives. %I do this requires 
an understanding of the climatology of pollution 
and a knowledge of available sources of appropri- 
ate climatologies. This leads us to consider again 
the phenomena affecting transport and dispersion 
discussed earlier. 

Climate, the synthesis of these conditions 
over a long time, should be used in formulating 
long-range prescribed burning plans. Climatic 
conditions to be considered in prescription burn- 
ing plans include stagnation, mixing, windspeed, 
and wind direction frequencies. 

%I avoid high concentrations of smoke in sen- 
sitive areas, burning often has to be done when the 

Table 11. - Stability estimating method 2 

After Pasquill ( 19751, with insolation estimates incorporating shadow length or cloud cover after Lavdas (1976). 
Burns will be delayed in Decision-Logic Stage No. 1, Chapter VI. 
Shaded areas indicate categories for which typical cases are not presented in Chapter VI. 

How to use table: 
1. Locate main column head for day or night. Night applies from 1 hour before sunset to 1 hour after 

sunrise. 
2. Locate subcolumn head for cloud cover. 
3. If for day situation, locate sub-subcolumn head for 6-foot vertical standard shadow length, 
4. h a t e  row for surface windspeed. 
5, In ro~r and under column, read stability class category. 

Example: Day with more than 50 percent low and mid clouds and shadow length less than 3.5 feet 
with windspeed 8 to 10 mph. Read stability category B-C. 

Surface 
windspeed 

NIGHT DAY 

50% or more cloud Clear or less than 

More than 50% 
low clouds 

. cover w/low and 50% cloud cover w/ 

Clear or 50% or 
less cloud cover wl 
low & mid clouds: 
or any high clouds 

More than 50% 
low and mid 

clouds 
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wind is blowing in a particular direction. Forestry 
smoke managers can determine the probability 
that the wind will be blowing in the proper direc- 
tion on a given day from summaries of prevailing 
seasonal wind directions. 

Needed climatological information may be 
found in the literature cited in this section. The 
Climatic Atlas of the United States (available 
from the National Climatic Center, Federal Build- 
ing, Asheville, North Carolina 28801) is another 
comprehensive source. This publication gives 
monthly and seasonal averages and totals for most 
of the phenomena affecting transport and disper- 
sion. Airport summaries of windspeed and direc- 
tion frequencies are available from the National 
Climatic Center as well. 

Two primary factors that inhibit atmospheric 
dispersion are light winds and stable atmospheres. 
When these persist, stagnation occurs. High-pres- 
sure systems, or anticyclones, exhibit both of these 
characteristics. Korshover (1971) used 35 years of 
upper air observations to determine the relative 
occurrence of stagnant anticyclones. He found 
that stagnant conditions in the Southeast occur 
most frequently during late summer and fall. The 
maximum number of stagnant episodes lasting 4 
days or more occurred in north Georgia and in 
western North and South Carolina. 

Stagnant  anticyclones are  not the  only 
systems that result in poor dispersion conditions. 
Dilution capacity of the atmosphere may be poor 
during other meteorological patterns, such as 
when inversions persist. Hosler (1961) reported 
the frequency of low-level (less than 500 feet) in- 
versions over the Continental United States dur- 
ing a 2-year period. His findings agree well with 
Korshover's (1971) -inversions causing poor dis- 
persion patterns in the Southeastern United 
States occur most frequently in the fall, but may 
occur in any season. 

Holzworth (1972), in his analysis of 5 years of 
National Weather Service data, presented mixing 
heights, windspeeds, and the resulting potential 
for urban air pollution t b u g h o u t  the contiguous 
United States. His generalizations may be applied 
to rural atmospheres. 

MATHEMATICAL 
MODELS 

Different assumptions about governing proc- 
esses and  behavior have resul ted  i n  many  
different models for calculating dispersion. Some 
are different merely because of their intended ap- 
plication. Additional work will undoubtedly yield 
yet a wider variety from which to choose. In the 

discussions that follow, we will address the criteria 
we used for selecting a dispersion model-as well 
as the related approaches used in the decision logic 
in Chapter VI. We will also cover modifications im- 
posed upon selected approaches, but will leave full 
development and defense of previously published 
equations to cited sources. 

Three general criteria were applied in select- 
ing and adapting the model: 

1. Predictions close to the burn are the most 
critical, and the model must accurately reflect 
source and atmospheric variables. 

2. The model must be widely accepted by 
scientists in regulatory agencies. 

3. The model must permit either computer 
or desk-top calculations. 

In order to provide a practical predictive 
method for smoke concentrations a t  downwind 
locations, it has been necessary to assign fixed 
values for some factors. In Chapter IV two sepa- 
rate fire phases are described: the convective-lift 
and the no-convective-lift fire phases. While smoke 
entrainment will gradually increase then decline 
in the convective-lift phase, use of a steady state is 
believed to be realistic in order to make calcula- 
tions manageable. In the no-convective-lift phase, 
emissions will gradually decline; but again, using 
a steady-state condition is necessary if anything 
but extremely complex equations calling for auto- 
matic data processing are to be applied. Similar 
steady-state compromises are applied in the final 
transport and dispersion model to be introduced in 
this section for use in Chapter VI. In addition to 
these practical considerations, current knowledge 
does not justify more sensitive, time-dependent 
adjustments at this time. 

PLUME RISE 
The height that the center of the smoke 

plume attains is called plume rise. During the con- 
vective-lift phase of combustion, heat released by 
the fire causes convective lift of emissions from the 
fire in a definite column. As this heat diminishes, 
the plume loses its columnar shape to a point 
where lift of emissions is mostly a result of vertical 
atmospheric mixing alone. Thus, while a t -  
mospheric stability is an important variable at all 
times, heat release rate, explained in Chapter I v  
will be employed only for the convective-lift phase. 
Winds impinging upon the column during the con- 
vective-lift phase tend to bend or shear it, restrict- 
ing the total possible plume rise. Plume rise, 
therefore, is a function of heat release rate, at- 
mospheric stability, and transport windspeed. In- 
versions will also limit plume rise and are ac- 
counted for by stability. Mixing height becomes 
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important after the initial convective lift, and is 
incorporated in the final dispersion model. 

In discussions with Dr. Gary A. Briggs of the 
NOAA Oak Ridge Laboratory, we elected to adapt 
the plume rise relations he developed for stack 
emissions handled as point sources. Briggs' (1969, 
1971, 19723 plume rise relationships fit satisfac- 
torily for prescribed fires when his term QH is ex- 
pressed as the total rate of heat release from the 
entire length of fired line, as determined by rela- 
tionships explained in Chapter IV. Relationships 
were examined for stability classes A through F 
(Pasquill 1975). Equations (1) through (4) are 
used in calculating ultimate plume height, in 
which: 

H = height (in meters) 

QH= total heat release (in calories per sec- 
ond> 

u = transport windspeed (in meters per 
second). 

For stability classes A through D,and QHiess 

than 1.40 x lo6 cal/sec: 

For stability classes A through Dl and QH 
greater than 1.40 x 106 cal/sec: 

H = 0.0847 QH 3/5 u (2) 
For stability class E and all values of QH 

(temperature increase with height of 1°C per 100 
m assumed) : 

H = 0.917 QH 1/3 u -1/3 (3) 

For stability class F and all values of QH(tem - 
perature increase with height of 2.5"C per lOOm 
assumed) : 

H = 0.761 Q~ 'I3 u -'I3 

Equations (1) through (4) are used to calcu - 
late plume rise while the smoke rises for some dis- 
tance as it travels downwind. Often ultimate 
height is not reached for several kilometers down- 
wind. This distance is not affected by transport 
windspeed. Briggs' (1969) ultimate height for a 1 
megacalorie per second source is attained about 
480 meters (0.3 mile) downwind. From Briggs' 
work, downwind &stances to ultimate heights for 
sources releasing heat at different rates under 
stability classes A through D compare as follows: 

Heat release Approximate down- 
(Megacallsec) wind distances to 

ultimate heights 
(Miles) 

1 0.3 

10 0.8 

It can be shown that at one-third the down- 
wind distance to ultimate height, one-half the 
ultimate height is consistently attained. For ex- 
ample, a 10 megacalorie per second fire with an 
ultimate plume rise limited to 250 meters will 
have attained a height of 125 meters at 0.27 mile 
downwind (i.e., 113 x 0.8 mile). 

When Briggs' (1969) equation (4.30) is ap- 
plied, most southern prescribed fires are shown to 
be unable to penetrate a modest inversion of 1" C 
at 100-meter elevations or higher. 

Now we have a means to express the total 
height of the plume. That portion of the smoke ob- 
served to remain unentrained and traveling along 
the ground still remains to be accounted for. This 
phenomenon is experienced even during the hot- 
test portion of the convective-lift phase in 
southern prescribed fires. Additional research is 
needed, but observations of the phenomenon on 
three experimental fires were used to arrive at a 
ratio of 60-rise to 40-no-rise for the amount left 
unentrained. This ratio was borne only by obser- 
vations on a fourth experimental fire. 

The 60:40 ratio has thus been suggested for a 
limited number of both heading and backing fires. 
When heat release (HR, the heat released per unit 
of fired-line length, rather than the total heat 
release rate (HRR), or QH)is increased, the ratio 
can logically be expected to increase toward 100:0, 
provided stability and transport windspeed re- 
main unchanged. For example, a campfire can be 
seen to lift all emissions by convection so long as 
its heat causes a dram from all portions of the fire. 
But the same fire, while still maintaining a con- 
vection column, will in time cease to draw smoke 
from its outer portions. Smoke from these portions 
will then tend to drift free from convective lift. 
This is essentially what takes place in most 
southern prescribed fires covered in the logic of 
Chapter VI. It seems likely additional research 
will lead to adjustments in the 60:40 ratio, 

In working with plume rise under unstable 
atmospheric conditions, the effect of vertical wind 
eddies that temporarily bring high smoke con- 
centrations aloft closer to the ground have been 
evaluated. The largest vertical eddies occur when 
instability is greatest. Eddy sizes decrease as con- 
ditions become more nearly stable, and the plume 
rise fluctuations become less significant. These 
conditions have been found to be important to dis- 
persion calculations for emissions from cool 
sources like elevated smoke stacks, but they have 
not been observed in our experimental fires in the 
Southeast. 

Tb summarize, two expressions have been in- 
troduced. These are the factor H for ultimate 
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plume height, and the coefficient 0.6 for the 
amount of smoke entrained in the convection col- 
umn of the convective-lift fire phase. Both will be 
noted as adaptations in the dispersion model to be 
discussed in following subsections. 

SELECTION OF A 
DISPERSION MODEL 

Forest managers have been exposed to the 
"tank concept" and to applications of a "box 
model" of dispersion. These names are sometimes 
incorrectly described as interchangeable. Before 
selecting any more complex model, it was thus 
necessary to assess possible adaptations of these 
two relatively simple approaches. 

The "tank concept" is a convenient way of 
thinking about a certain atmosphere's ability to 
"absorb" a specified level of air pollutants. The at- 
mosphere, of whatever dimension, is thought of as 
a container with imaginary "walls" (such as 
mountains, but sometimes only arbitrary or politi- 
cal boundaries) and a "lid (such as imposed by an 
inversion or by the mixing height). It is assumed 
that smoke is distributed evenly, and that emis- 
sions can be accommodated until smoke con- 
centrations reach an accepted maximum for the 
"tank'? as a whole. Unfortunately for a management 
use of this concept, however convenient it may be 
in gaining an initial grasp of air pollution prob- 
lems, the real world of smoke transport and disper- 
sion does not operate nearly so simply! Within the 
"tank," emissions from each source flow along an 
axis determined by the transport wind direction. 
Initial horizontal and vertical diffusion (disper- 
sion) is defined by physical laws that do not result 
in uniform distributions of pollutant concentra- 
tions, even when the "tank" has real walls such as 
a valley or mountain canyon. The result is that 
along the path of the plume initial smoke con- 
centrations will be greater than in the "tank" as a 
whole (a very undemocratic consequence for in- 
dividuals along the plume's path if they are de- 
pending upon administrators of the "tank" to 
assure them their equal share of pure air). 

The term "box model" differs from the  
"tank concept" in that dispersion takes place 
along an axis determined by transport wind direc- 
tion. Ilistribution, however, is considered to be 
uniform. This model has gained acceptance 
through application to dispersion problems in the 
Willamette Valley of Oregon (Reiquam 1970). A 
derivation labeled the "smoke-volume model" has 
been suggested by Williams (1974) for application 
to prescribed fires. This variant differs from the 
box model in that the plume is restricted by for- 
mulas b& upon measured heights and widths of 
experimental fires. The principal advantage of 

uniform distribution models is the ease with 
which calculations for different downwind dis- 
tances can be accomplished. A potential for solu- 
tion of long-range transport problems has been 
identified (Pasquill 1972). The chief disadvantage, 
however, is that because plume rise is not ac- 
counted foq the predicted ground-level concentra- 
tions due to a uniform vertical distribution are not 
valid for locations within the first 100 kilometers 
(62 miles) of sources. 

Wide acceptance has been gained for applica- 
tion of the Gaussian distribution to dispersion 
modeling. A statistical tool, the Gaussian distribu- 
tion permits a general description of smoke plume 
dispersion over time. There have been numerous 
independent validations in both laboratory and 
field experiments (Hay and Pasquill 1957; Cramer, 
Record, and Vaughan 1958; and Barad and 
Haugen 1959). A workbook, published by the U.S. 
Environmental Protection Agency (Turner 19701, 
en joys widespread application by scientists work- 
ing on dispersion. This approach employs Gaus- 
sian distribution, as well as a synthesis of the 
work of other accepted authorities. Methods of the 
Turner Workbook (1970) have thus been selected 
for use in this Guidebook. 

ADAPTATION OF THE 
TURNER WORKBOOK 
METHODS TO A MODEL 
FOR MANAGING 
SMOKE 
FROM PRESCRIBED 
FIRE IN THE SOUTH 

Our ini t ia l  adaptation of t he  Turner 
Workbook is straightforward, with Equation (5) 
being the model used. Combinations of terms and 
derivations are after Turner (19701, except as 
adaptations are explained in the list of variables 
and coefficients (table 12). 
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Table 12. -Variables and adaptive coefficients used in Equation (5) .  Other coefficients are from Turner (1970). 

Variable or 
coefficient Definition and discussion Units 

Centerline, ground-level concentration microgramslmeter 3 

Plume rise, adapted from Briggs (1969, 
1971,1972) and as recommended by 
Turner (see Plume Rise discussion) 

meters 

Length of fired-line adaptation meters 

meters Mixing height, the height in the atmos- 
phere to which turbulent mixing occurs 

Reflection numbers (as smoke bounces off 
the ground or stable layers) after Bierly 
and Hewson (1962) 

nondimensional 

Emission rate per unit length of fired- 
line adaptation (equivalent to ER) 

Transport windspeed meterslsecond 

meters Variable crosswind distance from mid. 
point of fireline to the limits ~f: L/2uy 

Horizontal standard deviation of plume 
concentration distribution 

meters 

Vertical standard deviation of plume 
concentration distribution 

meters 

1.2 and 
1.6 

Adapted coefficients resulting from 
combination of terms with the 0.6 
coefficient for the 60- percent en- 
trained and 40 - percent unentrained 
smoke covered under Plume Rise. 

nondimensional 

Besides being a complex series of terms, 
Equation (5) calls for certain inputs which are 
difficult to derive. Some simplifications can be 
achieved by solving for the relative concentrdtion, 
XU on the left-hand side. Transport windspeed, u, 
4 

The first of these alternatives resulted in 
such an unwieldy set of tables, graphs, instruc- 
tions, and intermediate calculations that it was 
discarded. Alternative No. 2 is in progress at this 
writing. Recognizing the value of close exposure 
to the actual procedures, and recognizing as well 
that some users would not have immediate access 
to automatic data processing, we have pursued 
alternative No. 3 in this Guidebook. 

and mixing height, M, are readily obtainable for 
field application, but the remaining three varia- 
bles on the right-horizontal and vertical stan- 
dard deviation of plume concentration distribu- 
tion, o and cZ,  and plume rise, H, all call for more 

Y 
than the equation itself. 

This need for further adaptation brought us 
to three alternatives: 

1. Using a computer program to generate a 
series of graphs or look-up tables 

2. Offering a computer program in a form 
that could be accessed by users 

3. Providing a combination of look-up tables 
and typical cases with predicted concentrations 
that could be adjusted to actual cases. 

PLOTTING RESULTS 
OF CALCULATIONS 

When ground-level dispersion patterns 
calculated with a modified Gaussian distribution 
model are plotted to scale, they will typically show 
curves like those of figure 21. 

Because of possible deviations of the actual 
wind direction from the forecast, and the need to 
avoid underestimating smoke impact a t  desig- 
nated targets, the Gaussian model is not used in 
unmodified form for predicting downwind smoke 
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Figure 21. - Ground-level dispersion patterns 
from a modified Gaussian distribution 
model. Concentrations are shown on a hy- 
pothetical scale of 100 for ease of visualizing 
changes. 

concentrations. Rather, a system that extends the 
centerline concentrations 30" to either side of the 
expected downwind direction is used. A possible 
promise of partially reducing this adrni ttedly con- 
servative allowance, as well as others, lies in auto- 
matic data processing for predicting trajectories 
and concentrations on the day of burning. This 
promise lies in an ability to work with more 
massive data from localized weather forecasts 
which are adjusted over time as the smoke plume 
travels downwind. While the technology is availa- 
ble now, a conservative procedure must be sug- 
gested for use until adaptive work in progress can 
be completed. 

The presently suggested procedure calls for 
plotting the crosswind length of the line to be fired 
and plotting a downwind trajectory from the 
center point of that line. From the ends of the line, 
downwind trajectories are plotted as dashed lines 
for a distance of twice the crosswind length of the 
fired line. From these end trajectories, lines of the 
limits of possible smoke impact are drawn at 30" 
outward angles. The trapezoid-like figure that 
results depicts the area of probable smoke impact. 

Concentrations in the impact area are deter- 
mined by striking arcs through the centerline tra- 
jectory at  specified distances. At distances less 
than twice the crosswind line length, two arcs 
should be struck using the line end points as cen- 
ters. The two end point arcs are then connected by 
a straight line passing through the trajectory cen- 
terline. Beyond two fired-line lengths downwind, 

this procedure may be satisfactorily approximated 
by simply drawing a single arc between the smoke 
impact limits with the middle of the crosswind 
line as the center for the arc. The resulting plot, 
like the one shown in figure 22, differs from figure 
21 by intention. This difference allows for a plot of 
predicted maximum concentrations by zones that 
extend through the centerline to either edge of the 
trajectory, thereby avoiding underestimates of 
concentration due to transient or unexpected 
wind or centerline shifts. 

Figure 22. - Plot of predicted centerline con- 
centrations like those to be employed in 
Chapter VI. The "2Z' point indicates twice 
the fired-line length. 

When completed, these plots are used to ob- 
tain a total predicted concentration at any poten- 
tial downwind target by adding the concentration 
within the zone defined by an arc to the "back- 
ground" pollutant concentration at  the potential 
target. This permits rapid comparison of total pre- 
dicted concentrations with acceptable concentra- 
tions for all potential targets. 

A rule of thumb (No11 and others 1968) can be 
employed to estimate ''background" pollutant con- 
centrations when these have not been quantified 
by other means. The rule is limited to relative 
humidities of 70 percent or less and to particulate 
'matter 0.3 micron in diameter and larger. 'Ib use 
the rule, 730 micrograms per cubic meter per mile 
are divided by the visibility in miles. For example, 
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if the visibility is 5 miles, the "background pollu- 
tant concentration is estimated to be: 

LONG-RANGE 
TRANSPORT 

Transport of emissions beyond the 100 km (62 
miles) limit of the model employed becomes a new 
predictive problem. Because this problem is almost 
in a province of regional smoke management, we 
have made no attempt to provide any adaptation 
from among the best of several models under 
study at this time. We have, however, recognized 
the importance of the normally stable trend 
toward evening. At the same time, we have at- 
tempted to provide a margin of safety to help 
assure the manager that smoke from a single burn 
will not contribute to problems beyond 100 km. CIb 
do this, we devised a procedure called Long-Range 
Transport Margin which is incorporated in 
Chapter VI. 

BASIS FOR LONG-RANGE 
TRANSPORT MARGIN 

For fires in fuel types known to be relatively 
heavy emitters, when the convective-lift fire phase 
will extend beyond 3 hours before sunset, users 
will find themselves referred to figure VI-M-1 in 
Chapter VI. To use figure VI-M-1, a graphic inter- 
section of the  fire emission rate (ER) and 
transport windspeed is located. If the intersection 
is either to the left of, or upon, the sloping internal 
line 

8 2 qL - 7.5 x 10 microgramslm -sec, -- (6) 
u 

the burn may be considered safe. If the intersec- 
tion is to the right of the line, the fire prescription 
should be modified. 

The principal consideration underlying this 
procedure is to avoid carrying concentrations of 
particulate matter in excess of 150 micrograms 
per cubic meter beyond 100 km when stable condi- 
tions can be expected. 

The following assumptions have been made 
in constructing figure VI-M-1: 

1. D stability 

2. No plume rise (because at 100 or more km 
a plume is well mixed within the mixing layer) 

3. Point source (source configuration is of no 
consequence at 100 km) 

4. Relative concentration, - Xu, at 100 km is 
qIJ 

2 x l o q 7  meter-2, which is consistent with 150 

micwams/m3; variables are the same as pre- 
viously listed, 

LIMITATIONS OF THE 
MATHEMATICAL MODEL 
Of the essential model, Turner (1970) points 

out that it ". . . may provide best estimates but not 
infallible predictions.'' We offer the adapted model 
in this same frame of reference. In addition to 
other limitations mentioned in preceding discus- 
sions, it is particularly important to note that as 
the smoke disperses with time, stability and other 
weather variables will change. The present model 
does not account for these changes. We have, 
however, covered one procedure adapted from the 
model to provide a margin of safety for long-range 
transport. This procedure is made part of those in 
Chapter VI to partially compensate for changes in 
stability. Finally, the user of the procedures in 
Chapter VI must recognize limitations in the ac- 
curacy of weather forecasts. In making these best 
estimates the user is allowing for upward and 
downward mixing within a zone of concentration. 
As a consequence, not all potential targets will be 
receptors at any given instant. He is portraying 
the potential concentration at each target. 
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CHAPTER VI 
HOW TO MANAGE SMOKE 

John M. Pierouich, Program Manager 
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This Chapter is written to help manage 
smoke from forestry prescription burning once the 
decision to burn has been made. No attempt is 
made here to evaluate alternatives to burning. 
Sometimes, the logic steps may lead to a sugges- 
tion that the decisionmaker take a new look at 
other possible treatments. We will first discuss the 
concepts of smoke management planning and 
then present a decision-logic procedure. Part 3 of 
this Chapter contains tables needed to follow some 
of the more complex logic. 

PART 1. 
PLANNING FOR 
SMOKE MANAGEMENT 

A written burning plan should be prepared in 
advance for each area to be burned. It should con- 
tain a scheduling system and prescription ele- 
ments that aim at both accomplishment of objec- 
tives and avoidance of unwanted air  quality 
effects. We suggest that, as used, the worksheets 
presented in Part 2 of this Chapter be attached to 
file copies of completed plans. 

SCHEDULING 
The number of days during a season with con- 

ditions fitting both resource management objec- 
tives and air quality objectives is limited. As a con- 
sequence, i t  is likely that the number of large 
burns will increase on the few days when both sets 
of constraints are met. Smoke from several fores- 
try sources could tax the smoke-absorbing 
capacity of target-area atmospheres on these days. 
A need for systematic and careful scheduling of 
burns is called for. 

A scheduling system that minimizes the 
effects on air quality should include the following 
elements : 

An analysis of the number of days each year 
when weather is likely to meet both manage- 
ment objectives and air quality objectives 

The numbers, sizes, and locations of desired 
burns listed by priority and difficulty of 
burn -along with likely-best smoke plume 
trajectories 

A method of allocating available days to 
desired burns 

A procedure for selecting alternate burn 
tracts when unfavorable weather conditions 
prevent following the schedule 

An inventory of expected background particu- 
late matter concentrations in areas likely to 
be downwind from prescribed burning opera- 
tions. 

PLANNING 
CHECKLIST 

1. Follow a formally prepared plan. 
2. Be sure all legal requirements are met. 

3. Provide in advance for burning permit, 
receipt of weather forecasts, and prior measure- 
ment of variables like total litter layer moisture 
content. 

4. When windrowing and piling debris, 
provide for best drylng and avoid mixing with dirt. 

5. Follow a decision logic to determine the 
kind of day on which you should be able to burn 
with good smoke management. 
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6. Use localized weather information, ask- 
ing for spot fire-weather forecasts and updates. 

7. Burn when wind will not carry smoke 
into sensitive areas (targets). 

8. Seek unstable weather conditions, but 
not extremes. 

9. Avoid days with low morning transport 
windspeed (less than 4 mph) . 

10. Avoid days with low morning mixing 
heights (less than 500 meters). 

11. Seek dry fuel conditions, but not ex- 
tremes. 

12. Seek low relative humidity, but not ex- 
tremes. 

13. Be cautious of nighttime burning (if 
permitted). 

14. Be especially cautious when burning a 
large area or a heavy loading of fuel. 

15. Use firing technique that produces the 
least emissions. 

16. Be prepared to mop up stumps and 
snags, especially if large and decaying. 

17. Make last-minute check on weather 
conditions. 

18. Remember that fires have to be con- 
trolled, and timber should not be excessively 
scorched; as dispersal conditions improve, fire in- 
tensity increases. 

19. Be alert for a change in weather condi- 
tions. 

PRESCRIPTION ELEMENTS 
Combinations of the following fire prescrip- 

tion elements are necessary to plan for mainte- 
nance of air quality. Some variables that are 
foreign to foresters will be needed for smoke man- 
agement. In the list of elements which follows, 
numbers in parentheses refer to the decision-logic 
stages where each is used: 

Fuel type (No. 1 and No. 2) 
Age of rough (No. 1 and No. 2) 
n t a l  litter layer moisture content (No. 2) 
Fine fuel moisture (No. 2) 
Firing pattern (No. 2) 
Length of fired line (No. 1 through No. 3) 
Relative humidity (No. 2) 
Air temperature (No. 2) 
Stability (No. 1 and No. 3) 
Mixing height (No. 1) 
Surface windspeed and direction (No. 1 
and No. 2) 
Transport windspeed and direction (No. 1, 
No.3, and No. 5). 

PART 2. 
DECISION LOGIC 

INTENDED USE AND 
LIMITATIONS 

You are now well aware of the large amount of 
information that must be integrated to determine 
if fire prescriptions will meet air quality objec- 
tives. ?b accomplish this task, we have developed a 
decision-logic system for applying the  best 
knowledge available. The system applies the 
mathematical models and concepts discussed in 
Chapters IV and V: The criteria for the system are 
discussed in Chapter I11 under A VOLUNTARY 
DECISION PROCEDURE PROPOSED FOR 
FORESTRY SMOKE MANAGEMENT, starting 
on page 26. 

The system calls for the user to specify his 
own fire prescription elements and to adopt accep- 
table levels of total suspended particulate matter 
(TSP) for target areas downwind. While designed 
for advance planning, the system should also be 
used on the  day of burning with actual and 
forecast values substituted for prescribed values. 

Our intent is to provide the easiest possible 
procedure to AVOID OVERLOADING NATURAL 
CLEARANCE MECHANZSIMS. A model is a repre- 
sentation of beliefs about a natural system, not 
necessarily what actually takes place. For man- 
ageability, models used for dispersion calculations 
and for heat release rate (HRR) and emission rate 
(ER) calculations are dependent only upon values 
expected as averages for steady-state conditions 
during two discreet fire phases. We have chosen 
this course rather than attempt to impose more 
realistic, but exceedingly complex, equations - 
allowing for changes in state during the life of the 
burn. For these reasons, the logic system's predic- 
tions may be incorrect at times even though the 
system applies the best available technology. 

OVERVIEW 
The system is divided into six stages to keep 

the user oriented as he progresses. It is designed 
for desk-top calculations. As presented here, 
system responses to variability have been com- 
pressed to facilitate use. For example, in one in- 
stance, many separate operations and at least 32 ta- 
bles are represented by only a few typical cases. 

Stage No. 1 is for relatively simple screening 
of prescriptions. From it the user can decide to 
burn, not to burn, or to proceed with more detailed 
analyses in subsequent Stages. We expect that  
this first Stage will cover many prescription 
burns. Stages No. 2 through No. 5 apply to more 
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complex situations where decisions are not im- 
mediately obvious. Stage No. 6 introduces auto- 
matic data processing options.51 

Stage No. 2 is the logic for determining fuel 
and fire characteristics so that emission rate and 
heat release rate can be calculated. Stage No. 3 
provides for dekmining a margin of safety for 
concentrations carried long distances. In Stage 
No. 4, the user matches his prescription variables 
to typical burning cases. Provision is made to cor- 
rect for differences between presented and typical 
cases. Then, downwind concentrations of total sus- 
pended particulate matter can be calculated. In 
Stage No. 5, comparisons are made between pre- 
dicted and user-specified total suspended particu- 
late matter concentrations at targets. Decisions to 
be reached at this point are: to follow the burn 
prescription, to revise the prescription further, to 
find an alternative to burning, or to proceed with 
an analysis that requires automatic data process- 
ing. 

51 Programs will be provided in the Forestry Smoke Management 
Sourcebook. 

We recognize that small landowners will find 
Stages No. 2 through No. 5 especially bothersome 
without technical staff or assistance. An adapta- 
tion of Stage No. 1 has been published for their use 
in uncomplicated situations ( b g r e n  1976). 

In more complex situations, there are no easy 
ways to determine smoke dispersion without auto- 
matic data processing. 

For those who do not have access to a com- 
puter, the desk-top decision-logic procedure will 
seem tedious. We believe i t  is the  only way, 
however, to assure proper analyses, and we advo- 
cate its initial use even for those who have access 
to automatic data processing. 

USE OF WORKSHEETS 
Each Stage of the  logic is presented in  

worksheet format. It is suggested that you make 
copies of these worksheets (yellow pages), Save 
one set of copies for future use as an original, then 
use extra copies as working papers to include with 
each burn plan and prescription. 
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Worksheet Set  1, page 1 of 5 

DECISION-LOGIC STAGE # I :  INITIAL SCREENING 

To u s e  t h i s  d e c i s i o n  l o g i c  you should have a l r eady  prepared a  w r i t t e n  p r e -  
s c r i p t i o n ,  and you should be f a m i l i a r  wi th  a p p l i c a b l e  a i r  q u a l i t y  r u l e s ,  
r e g u l a t i o n s ,  and s t anda rds .  I f  t h e r e  a r e  no obvious s i t u a t i o n s  t h a t  p re -  
c l u d e  burning, you a r e  ready t o  proceed,  

Th i s  Stage w i l l  h e lp  you dec ide  i f  your p r e s c r i p t i o n  c a l l s  f o r  a  burn t h a t  
i s :  

p o s s i b l e  without modi f ica t ion  
p o s s i b l e  with  modi f ica t ion  
no t  p o s s i b l e .  

We b e l i e v e  most p r e sc r ibed  f i r e s  w i l l  f a l l  i n t o  t h e  f i r s t  two c a t e g o r i e s .  

S t e p s  
app l i 
f o l i o  

1 .2  and 1 . 3  con t a in  ques t i ons  t o  be answered YES o r  NO.  I f  a l l  
c ab l e  ques t i ons  a r e  answered YES,  t h e  burning p r e s c r i p t i o n  can be 
wed without  modi f ica t ion .  Burning i s  s t i l l  p o s s i b l e  i f  a l l  NO answers 

can be changed t o  YES by modifying t h e  f i r e  p r e s c r i p t i o n ;  f o r  example, by 
c a l l i n g  f o r  ano ther  t ime t o  burn when mixing h e i g h t s  a r e  more favorab le ,  o r  
when t h e  t r a n s p o r t  wind d i r e c t i o n  w i l l  no t  c a r r y  smoke i n t o  t a r g e t  a r e a s .  
I f  you answer NO and callnot modify t h e  p r e s c r i p t i o n  t o  be a b l e  t o  answer 
YES, you should n o t  burn u n l e s s  you favorab ly  complete a  more d e t a i l e d  
a n a l y s i s  i n  S tages  #2 through #5. 

1.1 PREPARATION 

1. l a  Wind Di r ec t i on  and Ta rge t s :  

(1) Obtain map(s) cover ing improvements d e t a i l  f o r  60 mi les  down- 
wind from burn. Obtain azimuths of  p a t h s  from burn p r e s c r i p t i o n  
f o r  both t h e  c o n v e c t i v e - l i f t  (CL) and t h e  no -convec t i ve - l i f t  (NCL) 
f i r e  phases .  Locate burn on map and, u s ing  p r o t r a c t o r  and s t r a i g h t  
edge, draw l i n e s  r ep re sen t i ng  c e n t e r l i n e  of  pa ths  o f  smoke plume. 
Use two d i f f e r e n t  c o l o r s  t o  p l o t  t h e  two phases .  Then check h e r e  
and proceed. 

P r e s c r i p t i o n  s p e c i f i e s :  

Convec t i ve - l i f t  phase t r a n s p o r t  wind azimuth 0 

No-convec t ive- l i f t  phase t r a n s p o r t  wind azimuth 0 

(NCL is omitted for backing fires) 

(2 )  Now you must a l low f o r  t h e  width o f  t h e  f i r e  and s h i f t s  o f  t h e  
smoke plume c e n t e r l i n e .  P l o t  a s  i n  f i g u r e  A i f  t h e  f i r e  i s  
represen ted  by a  smal l  d o t .  I f  it i s  l a r g e r ,  p l o t  a s  i n  f i g u r e  
B. 
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Within t h e  p l o t t e d  a reas ,  look f o r  any improvements o r  o t h e r  
p o t e n t i a l  t a r g e t  ( e , g . :  t o m ,  A i r  Qual i ty  Maintenance Area, 
highway, v i l l a g e ,  h o s p i t a l ,  f ac to ry ,  res idence ,  a i r f i e l d ,  e t c . )  
t h a t  you consider  c r i t i c a l  from an a i r  q u a l i t y  s tandpoint .  
Then check here  and proceed. 

( 3 )  I f  i n  r a r e  cases no p o t e n t i a l  t a r g e t s  a r e  found, t h i s  l o g i c  need 
nod be appl ied ,  and you may burn without f u r t h e r  use  of  t h e  
procedure. I f  any t a r g e t s  a r e  i d e n t i f i e d ,  you should continue 
with t h e  procedure. Attach your map(s) t o  this Worksheet and 
check one o f  t h e  following: 

Targe t (s )  i d e n t i f i e d ,  l og ic  w i l l  be applied 
(go on t o  Step l h )  

No t a r g e t ( s )  i d e n t i f i e d ,  l o g i c  need not  be 
applied f u r t h e r  (Stop) 

l . l b  Fuel Type: 

(1) A t  t h i s  time, research  i s  not  s u f f i c i e n t l y  complete t o  cover 
o the r  than t h e  following f u e l  types.  I f  your f u e l  type i s  
o the r  than t h e  ones l i s t e d ,  you must decide i f  one of  t hese  i s  
reasonably comparable t o  proceed through t h e  r e s t  o f  t h e  l o g i c  
using t h i s  type, o r  you must p lan  your p resc r ip t ion  without a i d  
o f  t h e  log ic  system. 

Palmetto-gal lberry 
Grass with p ine  overstory- 
Pine needle l i t t e r  
Light brush 
Unpiled p ine  logging d e b r i s  

(2)  Check t h e  appropr ia te  f u e l  type  above i f  yours matches, o r  i f  
you s e l e c t  a type a s  nea r ly  comparable a s  you can. 

(3) I f  you se l ec t ed  a conparable type,  c i r c l e  t h e  checkmark. 

(4) I f  you checked none o f  t h e  types  l i s t e d ,  you may wish t o  use  
t h i s  Stage # l  Worksheet, but  do so  with spec ia l  caut ion  and 
do not attempt to use Stages #2 through #6. 
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(5) Now check one of  t h e  following: 

Type matches o r  comparable type se l ec t ed ,  
and l o g i c  w i l l  be appl ied  

Type does not match, and comparable type 
not se l ec t ed  

but Stage P 1  w i l l  be applied 
and Stage g l  w i l l  no t  be applied 

1,2 CRITICAL TRAJECTORIES 

I f  a NO answer i s  given t o  any of  t h e  following ques t ions ,  i t  i s  most 
d e s i r a b l e  t o  p resc r ibe  a new transport wind direction t o  avoid t a r g e t  
a reas  i n  quest ion.  Be sure to a k a  rework Step Z. Za to refTeet $he 
neQ prescribed a2imtl-t-hs. 

I f  you cannot p re sc r ibe  a new wind d i r e c t i o n  you should proceed 
immediately with Stages #2 through #5, but be prepared t o  encounter 
downwind concent ra t ions  t h a t  may no t  be acceptable .  

1 .2a Sul fur  Dioxide In t e rac t ions :  

Does your t r a j e c t o r y  avoid t h e  chance t h a t  c r i t i c a l  sources of  
atmospheric emissions conta in ing  SO2 w i l l  merge with t h e  emissions 
from your burn. 

1.2b Unacceptable Background Level: 

Are a l l  i d e n t i f i e d  t a r g e t  a reas  l i k e l y  t o  be f r e e  from o the r  known 
a i r  p o l l u t i o n  problems a t  t h e  time o f  burn? (Allow f o r  o t h e r  
f o r e s t r y  burning. ) 

YES 
NO 

1 . 2 ~  Is t h e  a rea  wi th in  3/4 mile  of  your burn f r e e  o f  t a r g e t s ?  

YES 
NO 

1.3 MINIMIZING RISK 

You should always determine i f  you can r e a d i l y  change your pre-  
s c r i p t i o n  t o  ob ta in  a YES answer whenever you have checked NO i n  
t h i s  s e t  o f  ques t ions .  

lSu l fu r  dioxide,  SO2,  is  bel ieved by many a u t h o r i t i e s  t o  become 
a more l i k e l y  h e a l t h  hazard i n  t h e  presence o f  p a r t i c u l a t e  matter  
from any source.  I f  l o c a l  guidance on c r i t i c a l  sources i s  not  
ava i l ab le  t o  you, a good r u l e  i s  t o  avoid a l l  sources.  
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1.3a I s  your  f u e l  type o t h e r  than logging d e b r i s ?  

YES 
NO 

1.3b For a l l  o t h e r  f u e l  types  i f  your rough i s  o l d e r  than 2  y e a r s ,  i s  a  
backing f i r e  p r e sc r ibed  and i s  t o t a l  f u e l  loading l e s s  than  10 tons  
p e r  a c r e ?  " 

YES 
NO " 

1 . 3 ~  W i l l  t h e  burn be conducted when background v i s i b i l i t y  i s  l i k e l y  t o  be 
a t  l e a s t  5 mi les  a t  a l l  p o i n t s  w i t h i n  t h e  f i r s t  60 miles  a long  t he  
p l o t t e d  t r a j e c t o r y ?  (Step 1. l a )  

YES 

NO - 

1.3d Are a l l  o t h e r  known o r  expected sources  of emissions ( i nc lud ing  
o t h e r  p r e sc r ibed  burns)  d i sp l aced  t o  the  s i d e  of your p l o t t e d  t r a -  
j e c t o r y  (Step 1. l a )  by a  d i s t a n c e  of a t  l e a s t  one-half  t h e i r  down- 
wind d i s t a n c e  and a r e  any t a r g e t s  i n  over lapping a r e a  f a r t h e r  than  
2 k m  (1.2 m i l e s ) ?  

YES 

NO - 

1.3e Does your p r e s c r i p t i o n  c a l l  f o r  t he  f o r e c a s t  mixing he igh t  t o  be 500 
meters  o r  more? 

YES 

NO - 

1.3f Is  the  p r e sc r ibed  t r a n s p o r t  windspeed 4 o r  more meters per  second? 

YES 
NO - 

1.3g I f  your p l a n  c a l l s  f o r  a  n i g h t  burn,  have you p re sc r ibed  a  s u r f a c e  
windspeed g r e a t e r  than 4 mph and a  backing f i r e ?  

YES 
NO - 

NOT APPLICABLE 

2 Go d i r e c t l y  t o  Stage #2 s i n c e  p r e s c r i p t i o n  cannot  be changed. 
3 This  ques t i on  r e f l e c t s  t he  a p p l i c a t i o n  of c u r r e n t  b e s t  a v a i l -  

a b l e  technology i n  l i m i t i n g  t o t a l  suspended p a r t i c u l a t e  ma t t e r  (TSP) 
r e g a r d l e s s  of chemical n a t u r e ,  
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1.3h I f  a burning permit i s  l o c a l l y  requi red ,  do your p resc r ip t ion  e l e -  
ments match permit requirements and does your plan c a l l  f o r  obtain-  
ing  t h e  requi red  permit? 

YES 
NO 4 

NOT APPLICABLE 

NOTE: You now have a s e t  of  answers t o  he lp  you screen your pre-  
s c r i p t i o n .  I f  you have completed t h e  prepara tory  Steps i n  
Steps 1.1 and have now answered YES t o  a l l  quest ions asked i n  
Steps 1 .2  and 1 .3 ,  you do not  need t o  go on t o  Stages #2  
through #5. Ins tead ,  it i s  l i k e l y  your p resc r ip t ion  w i l l  pro-  
v ide  f o r  good smoke management and you a r e  ready t o  burn. 
I f  you have answered NO and cannot r e v i s e  your p resc r ip t ion ,  
you should not  burn u n t i l  you have favorably completed Stages 
#2 through #5 . 5  

4 ~ o  not  proceed t o  Stage #2 i f  permit i s  requi red  and NO has 
been answered. 

CAUTION: Stages  112 through 116 a r e  l i k e l y  t o  y i e l d  DO NOT 
BURN dec i s ion  advice  i f  you a r e  us ing  any of the  fol lowing:  

Less than 500 meters  mixing h e i g h t  
Less than 4 mph s u r f a c e  windspeed 
Less than 4 meters  p e r  second t r a n s p o r t  windspeed 
Background v i s i b i l i t y  on t r a j e c t o r y  l e s s  than 5 mi les .  
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SPECIAL INTRODUCTION TO STAGES #2 THROUGH #5 

If an autQmatic data processing procedure for smoke management decisions is 
a v a i l a b l e  to you, you should s k i p  immediately t o  Stage #6. 

The fol lowing i n t e r r e l a t e d  parameters are needed to predict total downwind 
concentrations that w i l l  be used f o r  comparisons with acceptable concen- 
trations. The v a r i a b l e s  used t o  derive them are provided. 

Parameter Variabl  es 

T o t a l  l i t t e r  layer Previous litter layer moisture content, age of 
moisture content  rough, yesterday" duration of precipitation 

(see Chapter JV), 

Fuel loading Fuel type, age of rough, s tand basal a rea ,  under- 
story height  (pa lmet to .only j ,  average d , b , h ,  
(Logging residue only) ,  cords cut (logging r e s i -  
due only) .  

Ava i l ab l e  fuel  Fuel type, fuel. Boading, to tab  fitter layer 
moisture content ,  

Emission factor Fuel type, combustion stage, age of rough, 
burning method, 

F i r e  phase Heat release rate .  

Gomhst isn  stage Fire  b e h a v i o ~  

Fine fuel moisture Temperature, r e l a t i v e  humidity,  sky condi t ion  
(grass only) 

Stand c h a r a c t e r i s t i c s  Pseburn inventory or preharvest inventory, 

Rate of  spread Fine fuel  moisture, windspeed at mii$flame height, 
fuel. tyge. 

Length o f  f i r e d  l i n e  Prescription, plot geometry ( for  ring fires on ly ) .  

Heat release rate Avai lab le  fuel, ra te  o f  spread, length of  fired 
l ine , 

Particulate matter Available f u e l ,  ra te  of spread, emission factor, 
emission rate 

Mixing height  Observed and forecast weather* 

Transport windspeed Observed and forecast weather* 
and d i r e c t i o n  

S t a b i l i t y  class If not  forecast by the National  Weather Service: 
solar angle (shadow l eng th ) ,  cloud cover and 
height, 10-meter v~indspeed (see  Chapter V) ,  

Target-area background Effects of o t h e r  emissions sources- 
concentrations 
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This  dec i s ion  l o g i c  does no t  apply t o  s lopes  g r e a t e r  than 2 0  pe rcen t .  

Two s e t s  of r e f e r ence  f i g u r e s  and t a b l e s  w i l l  be used i n  working through 
t h e  l o g i c  s t a g e s .  The f i r s t  s e t  ( t a b l e s  VI-F-1 through VI-F-13) i s  r e l a t e d  
t o  f u e l s  and f i r e  behavior and i s  p r i n t e d  on pink paper .  The second s e t  
( t a b l e s  VI-M-1 through VI-M-6 and f i g u r e  VI-M-I) i s  r e l a t e d  t o  meteorology 
and i s  p r i n t e d  on b lue  paper .  Many ca. icu?at ions a r e  represen ted  by 
t h e s e  f i g u r e s  and t a b l e s .  Der iva t ions  a r e  explained i n  Guidebook Chapters 
I V  and V .  

I n  prepar ing  t o  use  t h e  S t ages ,  i t  i s  i q o r t a n t  t o  recognize two c o n s t r a i n t s  
i n  t h e  system presen ted :  

1. For each f u e l  type ,  an average emission f a c t o r  [EF) has been der ived  
f o r  t h e  most l i k e l y  f u e l  cond i t i ons .  We know t h a t  moisture  and o the r  
v a r i a b l e s  w i l l  a f f e c t  t h e  EF, but  be l i eve  t h e  c u r r e n t  s t a t e  o f  knowledge 
does not  warrant f u r t h e r  refinement i n  c a l c u l a t i o n s  a t  t h i s  t ime.  

2 .  The s t r a t e g y  he re  i s  ts l i m i t  concent ra t ions  of  t o t a l  suspended 
p a r t i c u l a t e  ma t t e r  (TSP). Future  con t ro l  s t r a t e g i e s  may inc lude  con t ro l  
s f  s p e c i f i c  components o f  smoke. 
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DECISION-LOGIC STAGE $ 2 :  RATE DETEWINATIONS 

You have been d i r e c t e d  he re  from Stage  g l  because one o f  your responses  
i n d i c a t e d  a degree of r i s k  c a l l i n g  f o r  more complex ana lyses ,  and/or you 
were  unable  t o  modify your fire p r e s c r i p t i o n .  

From t h e  l i s t  of  parameters  In  t h e  Spec i a l  I n t roduc t i on  preceding t h i s  Stage, 
you w i l l  have noted a  number of  new p r e s c r i p t i o n  elements.  Your p r e s c r i p t i o n  
w i l l  r e q u i r e  more d e t a i l ,  and we suggest  you prepare the p r e s c r i p t i o n  as you 
work through t h i s  and subsequent Stages--adding new v a r i a b l e s  a s  needed, 

C A U T I O N :  Do n o t  proceed u n l e s s  your p r e s c r i p t i o n  c a l l s  f o r  a  r e l a t i v e  humidi ty  
of l e s s  than  71 pe rcen t  dur ing  t h e  c o n v e c t i v e - l i f t  and no -convec t i ve - l i f t  
p h a s e s .  (P red i c t i ons  above t h i s  humidity a r e  no t  t o  be used and t h e  l o g i c  does  
no t  app ly . )  

A. DETERMINATION OF STAGE #2 WORKSHEET SET TO BE USED: 

The f u e l  type you s e l e c t e d  i n  S tep  l . l b  was (cheek one, then  proceed t o  nex t  
s t e p  on i n d i c a t e d  Worksheet Se t )  : 

Palmet to-ga l  l b e r r y  Go d i r e c t l y  t o  Worksheet Se t  2B 

G r a s s  with  p i n e  ove r s to ry  Go d i r e c t l y  t o  Worksheet Se t  2 C  

P i n e  need le  l i t t e r  o r  l i g h t  brush Go d i r e c t l y  t o  Worksheet Set  2D 

Unpiled p ine  logging d e b r i s  Go d i r e c t l y  t o  Worksheet Se t  2 E .  
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DECISION-LOGIC SmGE #2 APPLIED TO PALMETTO-GAELBERRY FUEL TYPE 
You Have Been Directed Here From Worksheet Se t  2A 

2 B -  1 FUELS 

2 B J a  Make t h e  fol lowing e n t r i e s  from your inventory  o f  t h e  burn a r ea :  

(1) Stand basa l  a r e a  i s  sq  f t l a c r e  
( 2 )  Age o f  rough i s  Y r  
(3) Predominant ove r s to ry  t imber  s p e c i e s  i s  (check one):  

Sfash p ine  
Loblol ly  p ine  

(4) Average he igh t  o f  unders tory  component i s  f t  

2 B .  I b  With e n t r i e s  ( I ) ,  (21,  and (3) from above, use  t a b l e  VI-F-5 i f  
t h e  predominant spec i e s  i s  s l a s h  p ine ,  o r  use  t a b l e  VI-F-6 i f  t he  
predominant spec i e s  i s  l o b l o l l y  p ine ,  t o  d e t e m i n e  t h e  t o t a l  
L i t t e r  %e igh t ,  e n t e r i n g  t h e  va lue  he re :  

2 8 . 1 ~  With e n t r i e s  ( 2 )  and (4) from above, use t a b l e  VI-F-9 t o  determine 
t h e  unders tory  v e g e t a t i v e  d r y  weight,  e n t e r i n g  t h e  va lue  here :  

tonlacre 

2 8 - 2  TOTAL LITTER LAVER MOISTURE CONTENT 

2B12a P re sc r ibe  a maximum t o t a l  l i t t e r  layer moisture  conten t  (TLLMC), 
(Review Southern Fo re s t ry  Smoke Management Guidebook Chapter IV 
f o r  procedure and requirements . )  The TLLMC w i l l  be: 

2B.2b Assure t h a t  t h e  burning p lan  provides  f o r  observing and record ing  
a c t u a l  TLLMC, Then r e t u r n  here ,  check, and proceed t o  next  s t e p .  

2B- 3 TOTAL AVAILABLE FUEL 

2 B 3 a  With t h e  t o t a l  l i t t e r  weight you d e t e m i n c d  i n  Step 2B.lb, t h e  
unders tory  vegeta t ive  d ry  weight you determined i n  Step ZB.lc, 
and t h e  p re sc r ibed  maximum TLLMC you en te red  i n  Step 2B.2a,  use  
t a b l e  VI-F-10 ts d e t e m i n e  t h e  est imated t o t a l  a v a i l a b l e  fue l  
( l i t t e r  and vege t a t i on ) ,  en te r ing  t h e  va lue  he re :  
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2 B . 4  P I N E  NEEDLE MOISTURE CONTENT AND BURNING METHOD 

ZB.4a Make t h e  fol lowing e n t r i e s  from your wr i t t en  p resc r ip t ion  f o r  sub- 
sequent use:  

klaximum r e l a t i v e  humidity % 
* -  

Minimm windspeed (20-foot tower) ~h 
Burning method (check one) : 

Heading f i r e  
Backing f i r e  

2B.4b With t h e  r e l a t i v e  humidity e n t r y  from above, use t a b l e  VI-F-3 t o  
determine t h e  p ine  needle l i t t e r  moisture content ,  en ter ing  t h e  
value here:  % 

2 B . 5  WIND EFFECT 

2B.5a I f  you have prescr ibed  a heading f i r e ,  d iv ide  windspeed you 
entered i n  Step 2B.4a by 4 t o  a r r i v e  a t  an estimated midflame 
windspeed, en te r ing  t h e  value here ;  i f  you have prescr ibed  a 
backing f i r e ,  e n t e r  a zero here :  mph 

2 B . 6  RATE OF SPREAD 

2B.6a With t h e  p ine  needle l i t t e r  moisture you determined i n  Step 2B.4b 
and t h e  windspeed you determined i n  Step 2B.5a ( the  windspeed used 
here f o r  a backing f i r e  i s  always 0 ) ,  use  t a b l e  VI-F-11 t o  
determine r a t e  o f  spread, en te r ing  t h e  value here:  

2B .7  COMBUSTION STAGES 

2B. 7a Because a s i z a b l e  f r a c t i o n  o f  t h e  f u e l s ,  when heading f i r e d ,  w i l l  
remain t o  be consumed i n  t h e  r e s idua l  combustion s t age  a f t e r  t h e  
advancing-front combustion s t age  passes,  an adjustment i s  needed t o  
propor t ion  t h e  amount of  f u e l  ava i l ab le  t o  each stage.  A suggested 
advancing f r o n t : r e s i d u a l  r a t i o  of  f u e l  consumed is  50:50. When 
backing f i r e s  a r e  employed, almost a l l  o f  t h e  f u e l  i s  consumed 
during t h e  advancing-front combustion s t age ,  and a r a t i o  of  1 : O  i s  
appropr ia te .  Now s e l e c t  t h e  va lues  you judge most appropr ia te  and 
e n t e r  here:  

(If Decimal f r a c t i o n  of f u e l  consumed i n  advancing-front s t age  

(y,) - 
(2) Decimal f r a c t i o n  of  f u e l  consumed i n  r e s idua l  s t a g e  (yR); 

(1.00 - yAl 
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28.8 EMISSION FACTORS 

2B.8a The suggested TSP emission f a c t o r s  (EF) f o r  t h e  palmetto-gal lberry 
type a r e :  

Emission f a c t o r s  ( l b s / t on )  
Age o f  rough and burning Advancing-front s t a g e  Residual s t a g e  

met hod E F ~  E F ~  

s 2  yea r s  backing o r  heading 
and > 2  yea r s  backing 25 None 

>2  yea r s  heading 25 125 

Now, oppos i t e  your age of  rough and burning method, e i t h e r  c i r c l e  t h e  
EF v a l u e ( s )  t o  be used o r  e n t e r  new va lues  i f  b e t t e r  d a t a  a r e  a v a i l -  
a b l e  t o  you. 

2B.9 EMISSION RATES 

28.9a Perform t h e  i nd i ca t ed  m u l t i p l i c a t i o n s  by e n t e r i n g  t h e  va lues  from t h e  
s t e p s  shown i n  t h e  fol lowing equa t ions .  

(1) Ca lcu l a t e  ERA, t h e  t o t a l  suspended p a r t i c u l a t e  mat te r  (TSP) 
emission r a t e ,  f o r  t h e  advancing f r o n t  combustion s t age :  

ERA = 570 x x 
(Available f u e l  from (Rate o f  spread from 
Step  2B.3a) S tep  2B.6a) 

X X 

(Consumption adjustment (EFA from Step 2B. 8a) 
(yA) from Step  2B. 7 (1) )  

- ERA - micrograms TSP/meter-second (ug TSP/m-sec) 

(2) I f  your p r e s c r i p t i o n  i s  f o r  a backing f i r e  i n  any age rough, 
o r  f o r  a heading f i r e  i n  rough 2 yea r s  o l d  o r  l e s s ,  s k i p  
d i r e c t l y  t o  S tep  2B.9b. 

I f  your p r e s c r i p t i o n  is  f o r  a heading f i r e  i n  rough more than  
2 yea r s  o l d ,  c a l c u l a t e  ERR,  t h e  TSP emission r a t e  f o r  t h e  
r e s i d u a l  combustion s t a g e :  
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ER = 570 x x 
R m a i l a b l e  f u e l  from [Rate o f  spsead from 

Step  2B-32) S tep  2B,6a) 

X X 

(Consumption adjustment (EFR from Step  2B. 822) 
[yR) from Step 2 B .  7a(2)) 

(3) Now c a l c u l a t e  ERA+R, t h e  TSP emission r a t e  f o r  t h e  convect ive-  
l i f t  phase of  headlng f i r e s  i n  rough o l d e r  than  2 years :  

- - 
ER"+R 

(ERA from S t @ +  [ERR from Step  
2B.Sra(l)) 2iae9a(2)) 

2B.9b I f  you were t o l d  t o  s k i p  t o  t h i s  S tep  from S tep  2Be9a(2) ,  e n t e r  
t h e  va lue  of  ERA, from S tep  2B.9a(l)  i n  t h e  blank below f o r  

E R ~ L >  
and NONE I n  ERNCL below, then  s k i p  d i r e c t l y  t o  S tep  28.10. 

I f  you c a l c u l a t e d  ER irr S tep  2Be9a(3) ,  e n t e r  t h e  va lue  f o r  
ERA+R i n  t h e  blank b8f8w f o r  ERC then  e n t e r  t h e  va lue  f o r  ERR 
from Step  2B.9a(2) i n  t h e  blank below f o r  ERNCL 

2B.10 HEAT RELEASE RATE 

2B.10a Make t h e  fol lowing e n t r y  from your w r i t t e n  p r e s c r i p t i o n :  

Length of  f i r e d  l i n e  f t  

2B.10b Using t h e  l eng th  o f  f i r e d  l i n e  from t h e  S tep  immediately above 
and t h e  same weight o f  a v a i l a b l e  f u e l  and ra te -of -spread  va lues  
j u s t  used i n  S tep  2B.9a9 c a l c u l a t e  t h e  hea t  r e l e a s e  r a t e  (HRR) 
f o r  t h e  c o n v e c t i v e - l i f t  phase o f  your f i r e .  Heat r e l e a s e  has  
n e g l i g i b l e  e f f e c t  f o r  t h e  no -convec t ive - l i f t  phase.  

HRRCL = 0.0012 x x 
(Avai lable  f u e l  from (Rate o f  spread from 
Step  2B.3a) S tep  2B.6a) 

X X 

(Consumption adjustment (Length o f  f i r e d  l i n e  
(y ) from Step  2Be7a(1))  

A 
Step  2B-10a) 

NOW SKIP DIRECTLY TO STAGE # 3  
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DECISION-LOGIC STAGE #2 APPLIED TO GRASS WITI-I PINE OVERSTORY FUEL TYPE - 
You Have Been Directed Were From Worksheet 2A 

26.3 FUELS 

2 C . h  Make t h e  following e n t r i e s  from your inventory o f  t h e  burn a rea  
f o r  subsequent use:  

(1) Age o f  rough Y r  
127 Stand basa l  a r ea  sq f t / a c r e  
i 3 j  Predominant overs tory  (check one) : 

Slash  p ine  
Loblolly p ine  

2C . lb  With e n t r y  (1) from above, use  t a b l e  VI-F-1 t o  determine t h e  t o t a l  
a v a i l a b l e  g ras s  weight, en ter ing  the value here :  

2C. l c  With e n t r i e s  ( I ) ,  (21,  and (3 )  from above, use t a b l e  VI-F-5 i f  t h e  
predominant overs tory  i s  s l a s h  pine,  o r  t a b l e  VI-F-6 i f  t h e  pre-  
dominant overs tory  i s  Zobfol1y pine,  t o  determine t h e  t o t a l  need l e  
l i t t e r  weight, en te r ing  t h e  value here :  

2C.Id Compare t h e  e n t r y  you made f o r  t h e  g r a s s  weight i n  Step 2C.lb with 
t h e  e n t r y  you made f o r  t h e  needle l i t t e r  weight i n  Step 2 C . l ~ .  I s  
t h e  g ras s  component g r e a t e r ?  

Yes then proceed t o  Step 2C.2 
No then  sk ip  d i r e c t l y  t o  Worksheet 2D and r e c l a s s i f y  f u e l  

type a s  pine needle l i t t e r ,  t h e  more appl icable  f u e l  
type.  

2C.2 WINDSPEED AND RELATED PRESCRIPTION ELEMENTS 

2C.2a Make t h e  following e n t r i e s  from your w r i t t e n  p resc r ip t ion  f o r  
subsequent use :  

Expected cloud cover (check one):  Sunny 
C 1 oudy 

Minimum windspeed (20-foot tower) mph- 
Tem~era tu re  0 

I 

Maximum r e l a t i v e  humidity % 
Burning method (check one):  Heading f i r e  

Backing f i r e  
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2C.2h If your p r e s c r i p t i o n  c a l l s  f o r  a backing f i r e ,  s k i p  d i r e c t l y  t o  
S tep  26.3. 

If your p r e s c r i p t i o n  c a l l s  f o r  a heading f i r e ,  d i v i d e  windspeed 
you en te red  above by 3 t o  a r r i v e  a t  an est imated midflame windspeed, 
e n t e r i n g  t h e  va lue  he re :  

mph 

26.3 RATE OF SPREAD 

2C.3a Use t h e  app rop r i a t e  p r e s c r i p t i o n  e n t r i e s  i n  S tep  2C.2a with t a b l e  
VI-F-2 t o  determine f i n e  f u e l  moisture  f o r  dead g ra s s ,  en t e r ing  
t h e  t a b u l a r  va lue  here :  

2C.3h If  you completed S t ep  2C.2b3 use  t h e  midflame windspeed, o r  f o r  
backing f i r e s  u se  a zero windspeed, a long with t h i s  f i n e  f u e l  
moisture  t o  determine t h e  r a t e  o f  f i r e  spread f o r  g r a s s  from t a b l e  
VI-F-4, e n t e r i n g  t h e  t a b u l a r  va lue  he re :  

2 C e 4  TOTAL LITTER LAVER MOISTURE CONTENT 

2C.4a P re sc r ibe  a maximum t o t a l  l i t t e r  l a y e r  moisture  content  (TLLMC) 
(review Southern Fores t ry  Smoke Management Guidebook Chapter I V  
f o r  procedure and requi rements ) .  The maximum TLLMC w i l l  be: 

26.4b Assure t h a t  t h e  bum plan  provides  f o r  observing and record ing  
a c t u a l  TLLMC. Then r e t u r n  here ,  check, and proceed t o  next  s t e p :  

2C.5 AVAILABLE LITTER FUEL 

2 C . k  With t h e  t o t a l  l i t t e r  weight (needle f u e l )  you determined i n  S t ep  
2C.lc and t h e  p re sc r ibed  TLLMC you en te red  i n  S tep  2C.4a, use  t a b l e  
VI-F-7 t o  de t e rn ine  t h e  a v a i l a b l e  f u e l  i n  p ine  needle  and a s s o c i a t e d  
vege t a t i ve  l i t t e r  o t h e r  t han  g r a s s ,  e n t e r i n g  t h i s  va lue  here :  
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2C. E COMBINED T2YAh A I J A I L A B L E  FUEL 

;2(1,6: '.dd t h e  t o t a l  available gr;:ss ~=:zigl-it from Steep 2 L l b  to the available 
l i t ter  FieH frox S t e ~  2i1,5.*, i.nter.ing the t o t a l  h e r e :  

--$A P 0 T 25& * -, %sslCsN F A C T O R S  AN2 RATES FGi? GRASS 

3 C J a  An enission factor (EF) of li p~unds  per t on  o f  f u e l  consumed is 
suggested for grass fuels from experiments to date.  Using this 
o r  o t h e r  informatior; avaa?,;Pbie to you, select  an EF appropriate 
to )'our prescribed burn, e n t e r i n g  t h e  va lue  here: 

E F  = Ib'ton of fuel 

ZC.7b Using the determined values from the Steps shown i n  the following 
equation, calculate an emission rate (ER) by performing the 
indicated mu$tipiicatisns: 

ERA = 570 x x 
(Cmbined t o t a l  avail- (Rate o f  spread front 
able fuel f r o m  Step Step 26-3b) 
2C. 6a) 

--  
X 

[EF from Step 2Ce7a) 

2C.7~ Since  tllere i s  no appreciable residual combustion stage (and thus  
no no-convective-lift f i r e  phase) for this fuel  type wi th  all 
burning methods, the advancing- front emission rate (ERA) is 
equivalent  to the convective-lift (CL) fire phase. For this 
reason, enter the ERA value you determined i n  Step ZC.7b i n  the 
blank  below: 

2G .8 HEAT RELEASE RATE 

2C.8a From your written prescription, enter here the length of fired 
line : 
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2 6 . a  Calclrla"L t h e  heat release ra te  [I-IRR) for your f i r e  by enwering 
the determined values from the Steps shown i n  t h e  following 
equation and performing the ind ica ted  multiplications: 

HRR = @ , 0 0 % % x  
GL 

X 

(Combined t o t a l  available (Rate of spread from 
fuel. from Step 2C.6a) Step 2@,3b) 

x 
(Length o f  f i r e d  Pine 
from Step 2C.8a) 
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DECISION-LOGIC STAGE # 2  APPLIED TO PINE NEEDLE LITTER AKDIOR LIGHT BRUSH 
You Have Been Directed Here From iyorksheet Se t  2A, o r  by fuel type 

r e c l a s s i f i c a t i o n  from Worksheet Se t  2 C  

20. I FUELS 

2 D .  l a  (1) I f  you have been d i r e c t e d  here  from Worksheet Set 2A, sk ip  
d i r e c t l y  t o  S tep  2D.lb. 

(2 )  I f  you have been d i r e c t e d  he re  from Worksheet Se t  2 C ,  b r ing  
forward your e n t r i e s  from t h a t  Worksheet a s  fol lows:  

Tota l  a v a i l a b l e  g ra s s  weight ton / a c r e  
(from Step 2C. l b )  

Pine needle  t o t a l  l i t t e r  weight ton /acre  
(from Step 2Celc)  

( 3 )  Now s k i p  d i r e c t l y  t o  Step 2D.2.  

2D.lb Make t h e  fol lowing e n t r i e s  from your inventory of  t h e  burn a rea  
f o r  subsequent use:  

(1) Stand basa l  a r e a  i s  sq f t / a c r e  
( 2 )  Age of  rough i s  Y r  
(3) Predomj.nant overs tory  i s  (check one):  Slash p ine  -- 

Loblolly p ine  

2D. l c  With t h e  e n t r i e s  ( I ) ,  (2) ,  and (3) from above, use  t a b l e  VI -F-5  i f  t h e  
predominant spec i e s  i s  s l a s h  p ine ,  o r  use  t a b l e  VI -F-6  i f  t h e  predominant 
spec ies  i s  l o b l o l l y  p ine ,  t o  determine t h e  t o t a l  l i t t e r  weight,  e n t e r i n g  
t h e  va lue  here :  

2D.2 TOTAL L ITTER LAYER MOISTURE CONTENT 

2D.2a Prescr ibe  a maximum t o t a l  l i t t e r  l a y e r  moisture content  (TLLMC) 
(review Southern Fores t ry  Smoke Management Guidebook Chapter IV 
f o r  procedure and requirements) .  The TLLMC w i l l  be: 

2D.2b Assure t h a t  t h e  burn plan provides f o r  observing and recording a c t u a l  
TLLMC. Then r e t u r n  here ,  check, and proceed t o  next s t ep :  
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2 D . 2 ~  You w i l l  now use  e i t h e r  t h e  p ine  needle  t o t a l  l i t t e r  weight from S tep  
ZD.la(Z), i f  you completed t h i s  S tep ,  o r  u se  t h e  t o t a l  l i t t e r  weight 
from Step  2D.lc, i f  you completed t h i s  Step.  With t h e  va lue  f o r  
t o t a l  l i t t e r  weight and t h e  prescr ibed  maximum TLLMC you en te red  i n  
Step ZD.Za, use  t a b l e  VI-F-7 t o  determine t h e  a v a i l a b l e  l i t t e r  f u e l ,  
en t e r ing  t h e  va lue  here :  

2D.3 RATE OF SPREAD 

2D.3a Make t h e  fol lowing e n t r i e s  from your w r i t t e n  p r e s c r i p t i o n :  

Re la t i ve  humidity % 
Windspeed (20-foot tower) mph 
 urni in^ method (check one) : £leading f i r e  

Backing f i r e  

2D.3b With t h e  r e l a t i v e  humidity e n t r y  from above, use  t a b l e  VI -F-3  t o  
determine t h e  p ine  need le  l i t t e r  mois ture  conten t ,  en t e r ing  t h e  
va lue  he re :  

2 D . 3 ~  If you have a prescr ibed  heading f i r e ,  d i v i d e  windspeed you en te red  
i n  S t ep  2D.3a by 4 t o  a r r i v e  a t  an est imated midflame windspeed, 
e n t e r i n g  t h e  va lue  here ;  o r  i f  you have prescr ibed  a backing f i r e ,  
e n t e r  a zero:  

2D.3d With t h e  p ine  needle  l i t t e r  moisture  conten t  you determined i n  S t ep  
2D.3b and t h e  windspeed you determined i n  S tep  2 D . 3 ~  ( t he  windspeed 
used here  f o r  a backing f i r e  i s  always 0 ), use  t a b l e  VI-F-8 t o  - 
determine r a t e  of  spread,  e n t e r i n g  t h e  va lue  here :  

2D.4 COMBUSTION STAGES 

2D.4a Because a s i z a b l e  f r a c t i o n  o f  t h e  f u e l s ,  when heading f i r e d ,  w i l l  
remain t o  be consumed i n  t h e  r e s i d u a l  combustion s t a g e  a f t e r  t h e  
advancing-front  combustion s t a g e  pas se s ,  an adjustment i s  needed 
t o  propor t ion  t h e  amount o f  f u e l  a v a i l a b l e  t o  each s t a g e ,  Limited 
l abo ra to ry  d a t a  suggest t h e  advancing-front:residual r a t i o  o f  f u e l  
consumed i s  50:50. When backing f i r e s  a r e  employed, almost a l l  o f  
t h e  f u e l  i s  consumed dur ing  t h e  advancing-front combustion s t a g e  
and a r a t i o  o f  1 : O  i s  app rop r i a t e .  Now, s e l e c t  t h e  va lues  you 
judge most app rop r i a t e  and e n t e r  here :  

(1) Decimal f r a c t i o n  o f  f u e l  consumed i n  advancing-front  s t a g e  
(yA1 : 

(2) Decimal f r a c t i o n  o f  f u e l  consumed i n  r e s i d u a l  s t a g e  (yR) 
(1.00 - YA): 
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2D. 5 EM I SS I ON FACTORS 

2D.5a The suggested t o t a l  suspended p a r t i c u l a t e  ma t t e r  (TSP) emission 
f a c t o r s  (EF) f o r  t h e  p ine  n e e d l e / l i g h t  brush f u e l  type a r e :  

Emission f a c t o r s  ( l b s  / ton)  
Age o f  rough and burning Advancing-front s t a g e  Residual s t a g e  

method E F ~  E F ~  

~2 y e a r s  backing o r  heading 
and >2 yea r s  backing SO None 

>2 y e a r s  heading 50 180 

2D.6 EMISSION RATES 

2D.6a I f  you completed Step 2D.la, add t h e  t o t a l  a v a i l a b l e  g r a s s  weight i n  
S tep  2D.la(2) t o  t h e  a v a i l a b l e  l i t t e r  f u e l  you determined i n  S tep  
2 D . 2 ~ ~  e n t e r i n g  t h e  sum i n  t h e  blank space below. 

I f  you completed S t ep  2D.lb, e n t e r  on ly  t h e  a v a i l a b l e  l i t t e r  f u e l  you 
determined i n  S tep  2 D . 2 ~  i n  t h e  blank space below. 

Tota l  f u e l  a v a i l a b l e :  t o n l a c r e  

2D.6b Perform t h e  i nd i ca t ed  m u l t i p l i c a t i o n s  by e n t e r i n g  t h e  va lues  from t h e  
S teps  shown i n  t h e  fol lowing equa t ions .  

(1) Ca lcu l a t e  ERA, t h e  t o t a l  suspended p a r t i c u l a t e  mat te r  (TSP) emission 
r a t e  (ER) f o r  t h e  advancing-front  combustion s t age :  

ERA = 570 x x 
(Total  f u e l  a v a i l a b l e  (Rate of  spread from 
from Step  2D.6a) Step 2D.3d) 

X X 

(Consumption adjustment (EFA from Step 
(yA) from Step  2De4a ( l ) )  2D.Sa) 
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( 2 )  If your p r e s c r i p t i o n  i s  f o r  a backing f i r e  i n  any age rough, o r  
f o r  a heading f i r e  i n  rough 2 y e a r s  o l d  o r  l e s s ,  s k i p  d i r e c t l y  
t o  S tep  2 D . 6 ~ .  

If your p r e s c r i p t i o n  i s  f o r  a heading f i r e  i n  rough more than 
2 years o l d ,  c a l c u l a t e  ERR,  t h e  TSP emission r a t e  (ER)  for t h e  
r e s i d u a l  combustion s t a g e :  

ERR = 570 x X 

(Total  f u e l  a v a i l a b l e  (Rate o f  spread from 
from Step  2D. Sa) S tep  2D.3d) 

X X --- 
(Consumption adjustment  (yR) (EFR from Step  
from Step  2Da3a[2)) 2D. 52.) 

(3) Now, c a l c u l a t e  ER 
$'R' 

t h e  TSP emission r a t e  (ER) f o r  t h e  convee t ive-  
l i f t  phase of h e a ' l n g  f i r e s  i n  rough o l d e r  than 2 yea r s :  

E R ,  ,, = + -- 
(ERA from Step  (ERR from S tep  
21>.6b(l)) 2D.6b(2)) 

2 D . 6 ~  I f  you were t o l d  t o  s k i p  t o  t h i s  S tep  from Step  2Dehb(2) ,  e n t e r  t h e  
va lue  o f  ERA from Step 2De6b(l)  i n  t h e  b lank  below f o r  E l lCL9  and NONE 
i n  ERNCL3 below, then s k i p  d i r e c t l y  t o  S t ep  2D.7. 

If you c a l c u l a t e d  ERA+R i n  S tep  2D.6b(S), e n t e r  t h e  va lue  f o r  ERA+R 
i n  t h e  blank below f o r  ERCL9 then  e n t e r  t h e  va lue  f o r  ER from S tep  
2 D .  6b(2)  i n  t h e  blank below f o r  ERkTPr : 

R 

2D. 7 HEAT RELEASE RATE 

2D.7a Make t h e  fo l lowing  e n t r y  from your w r i t t e n  p r e s c r i p t i o n :  

Length o f  f i r e d  l i n e  f t 

2D.7b Using t h e  l eng th  o f  f i r e d  l i n e  from t h e  S tep  immediately above and 
t h e  same weight of  a v a i l a b l e  f u e l  and rate-of-spread va lues  j u s t  
used i n  S t e p  2D.6b9 c a l c u l a t e  t h e  hea t  r e l e a s e  r a t e  [HRR) f o r  t h e  
c o n v e c t i v e - l i f t  phase o f  your f i r e .  (Heat r e l e a s e  has  n e g l i g i b l e  
e f f e c t  f o r  t h e  no -convec t i ve - l i f t  phase . )  
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HRRrL = 0.0012 x x 
0 

(Available fue l  from (Rate 06 spread from 
Step 2B, 6 a )  Step 23,36) 

X X 

(Consmpt ion adjustment (yA) (Length of  f i r e d  l ine  
from Step 2D,4a(l)] from Step 2D.7a) 

NOW SKIP DIRECTLY TO STAGE #J 
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DECISIOK-LOGIC STAGE $ 2  APPLIED TO UNPILED LOGGING DEBRIS 
You Have Been Directed Fere From PJorkskeet Set  2A 

2 E J  FUELS 

2E.13 Enter  here fur subseqcent Jse the following information frsm ycbr 
inventory o f  the burn area:  

( B f  Average d , b , h .  in cut timber s tand  inches 
(2) Species o f  timber cut (check one) : Loblolly pine  

Slash pine 
(33 T o t a l  number cords remsved from area 
(4) T o t a l  acres in burn 

2E.lb Using the diameter and species entries you made in Step 2E.la 
(I) and ( 2 1 ,  turn to table VI-F-12 to obtain the tons of logging 
residue fuel 2 inch in diameter and less per cord for your bum 
area, entering here: 

tonlcord cut  

2E.I.c Now, using entries you made in Step 2E.I.a ( 3 )  and (41,  d i v i d e  t h e  
total number o f  cords  removed e n t r y  by the total acres e n t r y ,  
then enter  the result here: 

-- cord ~ ~ ~ / a c r e  

2E.ld ?:ow, multiply the ton/cord cut e n t r y  you determined in Step 25.lb 
5 ;is number of cord cutlacre you determined i n  S t e p  2E.l~ to 
caiculate the available fuel per acre, en te r ing  the  product here: 

2E.  2 FUEL CONSUMPTION 

2E.2a Lacking a more precise means to directly express a ra te  of fuel 
consumption for this f u e l  type, rate of fire spread for the f i n e  
fuels t h a t  dominate its i n i t i a l  spread will be used as a y a r d s t i c k ,  
and t h en  adjusted.  For t h s  purpose, enter  here the fol lowing 
elements affecting spread in fine f u e l s  from your wr i t t en  
prescription: 

(?) Maximum r e l a t i ve  hkamldlty % 
(2) Surface windspeed (20-foot tower) -p V%-n 

2E.?b Using the relative humidi ty  en t ry  from Step  2E.2a (I), turn to 
table VI-F-3 t o  determine t h e  pine needle moisture content ,  
en t e r ing  this value here: 

Pine needle  moisture content  s%, 
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2 E . 2 ~  Convert your surface windspeed entered in Step ZE.2a (2) to midflame 
windspeed by d i v i d i n g  by 2 .5 Then t u r n  to table VI-F-13 and use  this 
conve-r."ld windspeed value with the pine  needle f i t t e r  moistwe value 
you d e t e n i n e d  in Step 2E.2b to determine rate of spread, entering 
the value here: 

2Ee3 COMBUSTION STAGES 

2E.3a Because f i r e  spread in f i n e  f u e l s  is only a yardstick by which t o  
gauge emissions and heat y i e l d ,  and because a sizable amount o f  
t h e  fuels will remain t o  smolder during the residual combustion 
stage, an adjustment is needed to proportion the amount of fuel 
available t o  each stage. Limited data suggest a.1, idvancing-front: 
residual ratio of 75:25 for fuel consumed, With this and other 
data available to you, select the values you judge most 
appropriate and enter here: 

(1) Decimal fraction of fuel consumed in advancing-front 
stage (Y 1 

(2 )  Decimal f r a c t i o n  of  fuel  consumed in residual stage 
OR) ; (1.00 - advancing-front stage) -- 

2E.4 EMISSION FACTORS 

2E.4a A t o t a l  suspended par t i cu la te  matter (TSP) emission factor  (EFA) of 
35 pounds per ton of fuel consumed is suggested for t h e  advanc~ng- 
f r o n t  stage. The suggested EFR f o r  t h e  res idual  stage i s  180 pounds 
TSP per ton of f u e l  consumed. As covered in Chapter I V ,  these values 
are appseci.ably higher  than iabcratary-determined values, but are 
suggested at this time as a conservative representation of the best 
overall in fomat  ion available. 

From this information, select emission factors JEF) f o r  your pre-  
scribed burn and enter here: 

% fac to r  of 2 is used rather than  4 ,  as in understory burns,  
because harvest ing has removed sheltering trees. 
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2 E .  5 EMISSION RATES 

2 E . 5 a  Using the determined values from the Steps shorn in the equations 
that follow, calculate emission rates (ER)  by performing the 
indicated multiplications: 

(1) For the advancing-front stage: 

ERA = 570 x x 
(Available fuel from (Rate of spread from 
Step 2E.l.d) Step 2E.263) 

X X 

[Consumptio~~ adjustment (yA) (EFA from Step 
from Step 2 E , 3 ( 1 ) )  2E .4a (P ) )  

ER = pg TSPfm-sec 
A -  

(2) For the residnal stage: 

Ek = 570 x x 
R (Available fuel from (Rate o f  spread from 

Step 2E.l.d) Step 2E.2~) 

x X 

(Consumption adjustment (yR) (EF from Step 
from Step 2E.3a(2j) 2~!4a(2)) 

( 3 )  Now,  calculate ER , the TSP emission rate for the convective- 
l i f t  phase o f  youQfRfire: 

h"A+R (ERA from Step (ERR from Step  
zE.sa(l)) 2E.5a(2>) 

2E.5b Enter  again i n  the ERC blank below the value of ER you j u s t  
calculated in Step 2 ~ . k a ( 3 ) .  Then enter  in the  blank the 
value of ER you calculated in Step 2Ee5a(2). 

R 
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2E.6 FIRING PATTERN AND FIRED-LINE LENGTH 

2 i . 5 3  From your written prescription, enter here your prescribed primary 
firing pattern (check one, then go to indicated Steps ) :  

Ring f i r i n g  (if checked, skip to Step  2E.b~) 
Heading f i r c  ( i f  checked, proceed to Step ZE.hh) 

2E.Sb Use planned l eng th  of fired line without further adjustment, 
entering length from your written prescription here: 

Now skip d i r e c t l y  to Step  2 E . 7 .  

2 E . b ~  Determine an equivalent to fired line length by fo l lowing  the 
rule-of-thumb procedure outlined in the Southern Forestry Smoke 
Management Guidebook Chapter IV. Ente r  t h e  equivalent determined 
here : 

2EJ HEAT RELEASE RATE 

2E.7a Using t h e  determined values from the Steps shorn in the equation 
that follows, calculate the convective-lift phase heat release 
ra te  (HRR ) by performing the indicated multiplications. (Heat 

6% release is of negligible effect for the no-convective-lift phase.) 

HRR = 8.0012 x 
GL (Available fuel from x (Rate of  spread from 

Step 2E.ld) Step 2E,2c) 

x X 

(Consumption adjustment (yA) (Length of fired l i n e  
from Step 2E.3ajl)) from Step  2E.6b or 

or 2 E .  6c) 

NOW 60 DIRECTLY TO STAGE # 3  
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DEGLS I@!<-LOGIC STAGE # 3  : LONG-RAPt;GE hIARGIK 
You Have Been Directed Here from Stage g 2  

FUEL TYPE 

3 . 1  Is the fuel type selected to descr ibe  your burn unpi led 
p ine  logging debris 0-8- ~;ai:r;etzro-galLberr;~~ oi ;c  2 )-ears o l d ,  ~r 
for o t h e r  fuel types will your convective-lift : -e phase 1 .:t 
to a time 3 hours before >anset? 

KO -- (skip directly to Stage  43) 
YES Isroceed to Step  32al 

3.2 DETERbfINATION OF TOTAL ENISSION RATE, q L  

3.2a Enter here again the length of f i r e d  line (or i t s  equivalent i f  
determined i n  Step 2E.6~): 

Now convert this length in feet to length in meters (multiply feet 
by 8.3048), en ter ing  the converted l eng th  here: 

3.2b Refer back to your Worksheet Set 2S or 2E for the value of ERNCL 
(which equa l s  q ) ,  en te r ing  this value again here (if EllNCL not  
ca l cu la t ed ,  s u b s t i t u t e  ERCL): 

3 , 2 c  3hrPtiply the entry f o r  L in meters [not feet] from Step 3,224. times 
ERNCL in Step 3.2b for a value of q L ,  e n t e r i n g  t h e  result here: 

3 , 3  SAFETY MARGIN 

3.3a From your written prescription, enter here t h e  t ranspor t  windspeed: 

3.3b (1) U s i n g t h e  metric value q L  you entered in Step 3 . 2 ~  and the 
transport windspeed you entered i n  3.3a, refer to f i g u r e  VI-M-I 
t o  determine i f  the intersection s f  these two values is in the 
safe or urzsafe portion of t h e  grap"il. 

I f  s a f ~ ,  it i s  l i k e l y  your fire will not result in a long-range 
(>I00 km or 62 miles) concentration greater than 150 p y / r n 3 .  
Which d i d  you determine? 

Safe (skip directly to Stage $4) 
Unsafe (proceed to Step J,3b(2)) 
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3.3b (2) Because your long-range transport calculation indicates a risk 
that the concentration will exceed 150 u g / m 3  at or beyond 100 km 
(62 miles), you are redirected to Stage P1 to rewrite the pre- 
scription, NOTE: If possible, change time of burn f o r  fuel  
types other than  palmetto-gallberry or unpiled pine logging 
debris, or kt may be desirable to modify the prescribed length 
of fired-line or equivalent as a quick way of reducing the q L  
value, but bear in mind that -chis will also reduce the HRRCL 
value with an effect  on plume rise, considered later, 
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DECISION-LOGIC STAGE #4:  MATCHING PRESCRIPTIONS TO TYPICAL CASES 
You Have Been Directed Here from Stage # 3  

4.1 SELECTION OF TYPICAL CASE 

4,la To arrive at a set of easily used typical cases rather than an ex- 
tremely large number of complex tables and computations, it has 
been neGessary to fix certain variables, To use the procedure, you 
must now either conform your written prescriptions to at- least equal 
those variables that are fixed or you must make a series of adjust- 
ments to the typical-case concentrations in order to match your burn 
situation. All adjustments and all prescribed elements that are more 
favorable to dispersion than tpical will result in overestimates of 
tabular concentrations (i.e., the estimates are conservative), 

E :  In this and all succeeding steps, complete no-convective-lift 
phase only for those burning situations for which you calculated an 
ERNCL in Stage 82. 

Turn now to table VI-M-l to find the typical case (by fuel type) most 
closely matching yours, entering the case number here: 

Convective-lift phase 
(Typical case no.) 

No-convective-lift phase 
(Typical case no.) 

4.2 MATCHING F I X E D  PRESCRIPTION ELEMENTS 

4.2a In this Step, you will have a match to start with, will modify your 
prescription to match fixed variables, or will indicate a match 
cannot be made, For each of the following, enter your prescribed 
value : 

Convective-lift phase6: Stability class 
Mixing height m 

No-convective-lift phase: Stability class 
Mixing height m 

4.2b For each of the following, indicate which answer applies. 

(1) Column 2: Stability class must be at least as good as shown in 
table VI-kl- I. Indicate how your prescription matches 
(check one in each phase): 

 or actual day of burn, if National Weather Service is not fur- 
nishing stability class, see Southern Forestry Smoke Management Guide- 
book Chapter V for a method of determining stability class in the 
field. 

7~ote stability classes decrease in ability to help smoke dispersion 
as these scale from A to B (i.e., A is better than B, etc.). Classes 
shown as typical are more likely to be encountered, 
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C~nvective-lift xo-cor;ectiye- : -j ft 
phase phase 

Matched or is be t te r  -- 
Made to match 
I s  not  as good as and 

caI:& at be ~ a d e  to 
match ---- 

( 2  Column 3, hiixlng height ~ : u s e  be higher  than  or a t l e a s t  ~ ~ ~ f i n  
300 rnctcrs s f  ",e value shown as t y g i c a l  in table Vv" -R - l  l, 

Indica te  hox year prescription natches (check one i n  e5:i.s. phase): 

Convect i v c -  l i f t  No-can~:zctlve-Sift 
phase phase 

Hatched or is b e t t e r  
Made to match 
Is n o t  as good as and 
cannot be made to 
mat eh. -- 

4-2c IT: ba th  [I) and ( 2 )  s f  Step 4 ,2bb ,  d i d  you check t h a t  a match could be 
made? (check only one) : 

ES [both matched or made to match) --. 

Skip to Step 4 .33  

NO (one or both variables cannot be made to match) --- 

If a match cannot be made, we recommend t h a t  you arrange for a computer- 
assisted analys is  "i'r determining t h e  best csmbimation of p r e s c r i p t i o n  
elements. Is this possible? 

YES (If this is possible, proceed directly to Stage #6] 

KO (If not  pos s ib l e ,  you will run a risk of  causing o r  con t r i -  
bu t i ng  to a psllution episode under your present prescription, 
An alternative to burning i s  recomended,]  

4-3 OTHER VARIABLES AND CORRECTION FACTORS 

4 3 3  Each ofthe following variables can be made to match the t p i c a l  case 
by correction factors, First  enter  here for subsequent use the values 
shown i n  your written -prescsi@on for  transpsrt windveed :  

Convective-lift phase m/sec No-convective-lift phase m/ sec 
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4.3b Now enter  t h e  crosswind length o f  fired line from p u r  prescription. 
(i'162'B: Do no t  use the fired-line equivale~t for logging debris from 
Step 2 E . 6 ~  here. For this calculation, the crosswind width of the 
fired area is needed in order to arrive at plume width.) 

And then convert -chis  value to meters bj- multiplying f e e t  by 0.3048, 
e n t e r i n g  t h e  conversion here :  

4 . 3 ~  Enter here values from that portion of Stage $ 2  you completed: 

fP) Convective-lift phase heat release rate 

(2) Emission rates (ER) 

4 . 3 d  In this Step, you will derive individual correction factors for each 
of the above variables by comparing your entries with typical values 
in table  V I - M - P ,  (These will be used to the nearest i/lOth in 
Step 4.4a to develop a single correction factor.) 

(1) TRANSPORT WINDSPEED. Calculate a correction factor for transport 
windspeed by dividing the table VI-M-1 typical-case value by the 
value you entered in Step 4 . 3 3 ,  entering the result here (if values 
are equal, enter 1-0): 

Convective-lift phase No-convective-lift phase 

(2) HEAT RELEASE RATE. Is the heat release rate (HRRC ) you entered in 
Step 4 . 3 ~  equal to or greater than the table VI-M-k column #4 
typical case? (check one) : 

I f  YES, > - .- , enter 1.0 below 

If NO, < enter a worst-case correction factor of 1.4 below 

Correction factor 

(3) COKVECTIVE-LIFT PHASE EbIISSION RATE. Calculate a correction factor 
for convective-lift phase emission rate (ERCL) by dividing your ERCL 
from Stage P2 by the table VI-M-1 typical case EllCL, entering the 
result here (if your ERCL is the same as the typical case ERCL, enter 
1 f i > *  

Correction factor = - - 
(Stage # 2  ERCL) (Typical ERCL) 
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(4 )  NO-CONVECTIVE-LIFT PIZASE EMISSION RATE, Calculate a correction 
factor f o r  the no-convec t i ve - l i f t  phase  emission rate (ERxCL) 
by d iv id ing  your ERNCL from Stage # 2  by t h e  t ab le  VI-M-1 
typical case ERN L ,  e n t e r i n g  the result here (if your ERKCL i s  
the same as the Eypical case ER NGL" enter  1.0) : 

Correction factor  = - - - 
(Stage 42 ERNCL) (Teical ERNCL) 

(5) FIRED-LINE LENGTH. Is the crosswind length of f i r e d  line in 
Step  4.3b(2)  less than o r  equal to t h e  t ab le  VT-hi-1 column #5 
t y p i c a l - c a s e  leng th?  

If YES, check here then enter 1.0 f o r  a correction f a c t o r  for 
all distances in the spaces below 

If  NO, check here then turn t o  table VI-M-6  and list i n  t h e  
spaces below t h e  given correction factors  for each distance 
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Downwind Distances Crosswind f i r e d - l i n e  length 

4.4 C O M B I N I N G  CORRECTION FACTORS AND MAKING CORRECTIONS 

4 . 4 a  Now c a l c u l a t e  combined c o r r e c t i o n  f a c t o r s  (nea re s t  l / lO th )  t o  be used 
a t  each d i s t a n c e  f o r  each f i r e  phase a s  f o l l o w s :  

(1) Ente r  he r e  and mu l t i p ly  t h e  fol lowing c o n v e c t i v e - l i f t  phase f a c t o r s :  

X X - - 
(Transport  windspeed (HRRCL f a c t o r  (ERCL f a c t o r  (Resul t  , CL phase) 
f a c t o r  from Step  from Step  from Step  
4 . 3 d ( l ) )  4 .3d(2) )  S t ep  4.3d(J)) 
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Then use the convective-lift phase multiplication result 
immediately above to multiply each line-length correction 
factor listed in Step 4.3d(5), entering the final multipli- 
cation result in column (I31 of the blank table that follows 
Step 4.4b. 

(2 )  If you are carrying forward a no-convective-lift phase, 
enter here and muftiply the following no-convective-lift 
factors : 

X - - 
(Transport windspeed (ERNCL factor (Result, NCL phase) 
factor from Step from Step 
4.3dfl)) 4.3d(4)) 

Then use the no-convective-lift phase multiplication result 
immediately above to again multiply each line-length correction 
factor listed in Step 4.3d(5), entering the final multiplication 
result in column (D) of the blank table which follows Step 4.4b. 

4.4b Use the same typical-case numbers you entered in Step 4.la to again 
refer to table VI-M-1, column 8, for the appropriate concentration 
tables to use next. Enter here the tables to be used. 

Convective-lift-phase concentration table VI-M- 

No-convective-lift phase concentration table VI-M- 

Next use the concentration tables you just selected as follows for the 
worktable immediately below: 

(1) Opposite each distance, and in the column that fits your burning 
situation, read the typical-case concentration, entering it in 
column (C) for convective-lift phase, or in column (E) for no- 
convective-lift phase of the worktable which follows. 

(2 )  Now multiply each typical-case concentration entry in the 
following worktable by its correction factor, and enter the 
result in the corrected concentration columns, ( C ' )  (E' ) , for 
convective-lift and no-convective-lift phases, respectively, 
in the worktable. 
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DECISION-LOGIC STAGE #5: PLOTS OF CONCENTRATPOK, COMPARISONS, bfOD%FI@AT%ONS, 
BWLTIPLE-SOURCE ANALYSIS 

5.1 PLOTTING ZONES OF CONCENTRATION 

5.la Using a drawing compass, set i t  to scale for each distance in 
Column (A) of t h e  Piarktable you j u s t  completed in Step 4 .4b,  
an$ strike distance arcs OM the t r a jec tory  plots you made on 
the map i n  Seeps 1,141) and ( 2 )  as follows : 

Until the distance from t h e  f i r e  i s  twice the length o f  the 
f i r e d  line, s t r i k e  two arcs--one centered at each end of the 
f i r ed  line--then connect them by a s t r a i g h t  line parallel to 
the f i r e d  Ikne. After the distance from the f i r e  i s  twice 
the fired-line length, strike only one arc centered at t h e  
intersection sf t h e  fired line with the plume centerline, 

NOTE: If t a rge t  backgrounds are low and multiple f i r e s  are 
not expected, you need t o  p l o t  arcs only  t o  the distances 
where your corrected concentrations (Step 4 . 4 3 ,  Columns ( C ' f  
and ( E q ) )  will be of  importance. If important distances Eire 
within 7 kilometers, a. paa t  on a separate, large-seaPe map 
will be desirable. 

5.lb Now use the same two co lo r s  for the combustion s t ages  t h a t  you 
used in Step l.la t o  write the corrected concentrations from 
the Worktable in Step 4.4b on your map at each corresponding 
distance arc. A completed t r a j e c to ry  p l o t  w i t h  zones on con- 
centration will look like this: 

5.2 COMPARING CRITICAL TARGET ACCEPTABLE CONCENTRATIONS WITH 
PREDICTED TOTAL CONCENTRATIONS 

5.2a S t a r t i n g  in the map area with the highest zone of concentration 
and working toward zones of lower concentrations, select t h e  
most cr i t i ca l  targets  expected to experience the concentrations 
plotted. L i s t  these selected targets  one at a time in Column 
(A) of t h e  Worktable immediately below, enter ing  t h e  corresponding 
values the table calls for ad the time you l is t  each t a rge t ,  
The following instructions apply to determining values for ent r ies  
called for by t h e  Worktable, 
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ue. - -For  
targets directly on an arc, use the concentration zone value shown 
with the arc, For t a rge t s  falling between two arcs, always use 
the higher of the two concentrations unless you interpolate 
logarithically, 

Entrxes In thls column must be f o r  the time of year For which 
a planned burn prescription is being applied to this isgic 
procedure or must be actu~ These can be obtained,  in sonre 
cases, from air quality pel ~nnel; or lacking this help, a rule 
of thumb will give you an expected particulate matter coricen- 
tration based upon the expected visibility [which can be drawn 
from experience, airport climatological records, or local 
residents). It is based upon the relationship: 

730 vg-miles/m3 5 miles of visibility = TSP concentration in 
Ltg/m3 

Some typical values are: 

25-mile visibility = 2 9  ug/rn" 220-mile visibility = 36 pg/m3: 
15-mile visibility = 49 sg/ 'm3; 10-mile visibility = 73 j g / m 3 ;  
5-mile visibility =I46 s g / m \  ;-mile visibility =365 p g / m 3 .  

Colwnn (D) - Predicted Total Concentration,--The entry for this 
column is simply the sum of the value enrered in Colmn (B) and 
the value entered in Column (61, 

.--This entry is 
best obtained from local air quality personnel. Lacking this 
help, it is suggested you use a visibility criterion and the 
same rule of thumb as was suggested in the Column (C) instructions 
above. In this case, you set the minimum visibility you believe 
will be acceptable (CAUT/Ofl: This is reportedly rarely less than 
5 miles), then enter the corresponding concentration. E W f P L E :  
10-mile visibility is believed to be the minimum below which 
public complaints will he raised; then the corresponding maximum 
acceptable concentration entry is 73 p g / r n 3 ,  (730 : 10). 
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5 , 2 b  Now compare the Column (E)  en t r ies  with both the convective-Lift 
and no-convective-lift phase entries i n  Column {D), 

Is the predicted total concentration less than  t h e  maximum 
acceptable concentration for zell entries? (check for each phase) 

Convective-lift phase 

Yes 
So 

No-convective-lift phase 

Yes 
Ns 
Not applicable 

5 . 2 ~  (1) If you checked YES for applicable phases above and do not 
anticipate t h a t  o the r  burns may contribute to concentrations 
in target areas, check here and STOP using logic  at this 
p o i n t ,  PROCEED WITH YOUR BURK. 

(2) If you checked YES f o r  applicable phases above but an t ic ipa te  
o ther  prescribed burns may contribute to concentrations in 
t a rge t  areas and want to run a f u r t h e r  analysis, check here 
and skip t o  Step 5 , 4 ,  

OW, if you do not want to skip to Step 5-4 check here and 
STOP using logic, 

PROCEED WITH YOUR BURN ONLY I F  YOU WANT TO RISK POSSIBLE 
TARGET-AREA CONCENTMTIONS IN EXCESS OF DESIRED NET. 

( 3 )  If you checked NO in e i ther  phase, proceed to Step 5.3.  

5-3 DETERMINING WHICH PRESCRIPTION VARIABLES TO MODIFY 

5.3a Look back to the Worktable you completed in Step 5.2a for the 
worst case ( L e e :  greatest amount Column fD) exceeds Column ( E f ) ,  

Now d iv ide  the Column (D) en t ry  by the Column (E)  e n t r y ,  en ter ing  
the result of division here: 

(I.] If the r e s u l t  o f  division i s  less than  2, your chance of making 
a desk-top revision of your prescription for an acceptable 
concentration is good, Check here and skip d i r e c t l y  t o  
Step 5,3b. 

(2) If the result of division is less than 5, there i s  a chance 
o f  making an acceptable revision of your prescription--but 
repeated trials are likely t o  be needed, and a Stage #6 analysis 
will be most desirable,  
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If you can arrange for assistance with a Stage #G automatic 
data processing analys is ,  check here and STOP fu r the r  work on 
Phase #5, 

If you cannot arrange for assistance, you may elect to t r y  
a desk-top revision and should skip directly to Step 5.33 
after checking here, 

I f  you cannot arrange for assistance and do not elect t o  
t r y  a desk-top revision, skip directly to Step 5.3g a f t e r  
checking here. 

( 3 )  If t h e  result o f  division is greater than 5, skip d i r e c t l y  
t o  Step 5.3g after checking here. 

5*3b If your prescription calls for a heading f i r e ,  first consider 
revising the prescription to ca l l  for a backing f i r e .  Check 
here, then proceed to Step 5 . 3 ~  BEFORE modifying your pre- 
scription. 

5 . 3 ~  Examine the correc t ion  factors  you calculated in Stage #4, 
entering a check here f o r  each that is greater than 1.0. 

Transport windspeed 4,3d (1) 
Length of f i r e d  l i n e  4.3d(Z) 

W R R ~ ~  4 ,  Jd(3)  
E R ~ ~  4 .3d(4)  
E R ~ ~ ~  4.3d(53. 

Not applicable 
Not applicable 

If any of the above checked factors include t r anspor t  ivindspeed 
and/or fired-line l ength  factors,  you will next want to modify 
your prescription to lower these. The fired-line length correc t ion  
factor is lowered by shortening t h e  prescribed fired-line length. 
The transport windspeed correction factor is lowered by increasing 
the prescribed speed. NOTE: For this analysis, it will not 
benefit your calculations to reduce rhe fired-line l eng th  belo& 
t h a t  used in the t j p i ca l  case (see table VI-M-1). Check here, 
then proceed to Step 5.3e BEFORE modifying your prescription. 
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5-32 If your exceeded a l lowable  concen t r a t i on  i s  o n l y  i n  t h e  convective- 
lift phase and your hea t  r e l e a s e  r a t e  co r rec t ion  f a c t o r  i s  checked 
in Step 5-3c, "chis i s  the next  p r e sc r ip tSon  item t o  cons ider  
modifying. Before dec id ing  t o  do so ,  make sure t h e  emission r a t e  
c o r r e c t i o n  f a c t o r  IS NOT a l so  cheeked. HRRCL i s  b e s t  i nc r ea sed ,  
resulting i n  a lower c o r r e c t i o n  f a c t o r ,  by increasing r a t e  o f  
spread (~hich i s  a k n c t i o n  of lower f i n e  f u e l  mois ture  and 
higher surface windspeed). These, however, w i l l  a l l  i n c r e a s e  
emission rate, which can o f f s e t  your gains, Check he re  and then  
proceed t o  Step 5-3f BEFORE modifying your p r e s c r i p t i o n .  

5.3f Now, having considered t h e  i n s t r u c t i o n s  i n  S t eps  5.3b through 
533, l i s t  he re  any v a r i a b l e s  you i n t end  t o  modify i n  your 
p r e s c r i p t i o n .  Then use a co lored  p e n c i l  t o  e n t e r  new va lues  
i n  t h e  p r e s c r i p t i o n  and i n  t h e  preceding S tages  #2 through #5,  
S teps  5 .1  and 5 2 ,  reworking a l l  dependent c a l c u l a t i o n s  and 
comparisons until you have again a r r i v e d  a t  S t ep  5.3.  If  t h e r e  
a r e  no var iables  t h a t  can be modif ied,  e n t e r  NONE, then  proceed 
to Step  5 ,3g ,  

Var iab les  t o  be modified 

CAUTION: Do n o t  simply modify t h e  p r e s c r i p t i o n  and then  use 
new c o r r e c t i o n  f a c t o r s  i n  Stage #4.  Many o f  t h e  
variables a r e  in te rdependent ,  r e s u l t i n g  i n  o f f s e t t i n g  
changes.  Hopeful ly ,  a f t e r  reworking S tages  #2  
through 84 and S t eps  5 . 1  and 5 . 2 ,  you w i l l  be a b l e  
t o  s k i p  t o  S tep  5 .3  on t h e  nex t  pa s s  through! 

5,3g You have a r r i v e d  a t  t h i s  S tep  e i t h e r  because o f  t oo  g r e a t  a 
d i f f e r e n c e  between p red i c t ed  t o t a l  concen t r a t i on  and 
maximum accep t ab l e  concen t r a t i on ,  o r  because of  computational 
d i f f i c u l t i e s  t h a t  cannot be remedied. 

I f  t h i s  i s  t h e  case, you may wish t o  cons ide r  exp lor ing  exceeded 
maximum accep t ab l e  concen t r a t i ons  a t  some t a r g e t s  f o r  a  very 
s h o r t  t ime per iod ,  By l i m i t i n g  t h e  dimension of  t h e  burn a r e a  
which i s  on t h e  same azimuth a s  t h e  t r a n s p o r t  wind d i r e c t i o n ,  
t h e  du ra t i on  i s  l i m i t e d .  For exmple:  Wind a t  r i g h t  ang le  t o  
road.  A 200-foot-wide burned a r e a  w i l l  a t  l e a s t  p rov ide  a  good 
f u e l  break.  I f  i n s t e a d  of  burning t h e  e n t i r e  t r a c t  you burn t o  
a  200-foot l i m i t ,  t h e  t ime of high smoke concen t r a t i on  w i l l  be 
shortened and you may be a b l e  t o  work wi th  l o c a l  a u t h o r i t i e s  t o  
provide t r a f f i c  con t ro l  f o r  s a f e t y  on t h e  road f o r  t h e  s h o r t  
per iod  t h i s  s i z e  burn would t a k e  t o  burn o u t .  Other  t han  t h i s ,  
you may need t o  s e l e c t  a t rea tment  a l t e r n a t i v e  o t h e r  than  f i r e .  
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Enter  your dec i s ion  he re  and STOP us ing  t h e  l o g i c  procedure: 

5 .4  RUDIMENTARY MULTIPLE-SOURCE ANALYSIS 

5.423 This  S tep  i s  f o r  conducting a rudimentary mul t ip le -source  
a n a l y s i s  i f  t h e r e  i s  a l i ke l i hood  that more than your 
p r e sc r ibed  burn w i l l  c o n t r i b u t e  t o  t a r g e t  concen t r a t i ons .  

For a l l  such suspect  s imultaneous sources ,  foliow t h i s  
procedure : 

(1) For each, p l o t  t h e  t r a j e c t o r y  and 30" d e v i a t i o n s  as 
you d i d  i n  S teps  1. l a  (1) and ( 2 ) .  

For a l l  t hose  where t h e  30' d e v i a t i o n s  overlap w i t h  
t hose  from t h i s  burn,  it w i l l  be most des i rable  t o  
have a v a i l a b l e  completed, s e p a r a t e  analyses such as  
t h i s .  I f  no t  a v a i l a b l e ,  use  e i t h e r  the final tra- 
j e c t o r y  p l o t s  from Step 5.lb o f  t h i s  burn again,  o r  
simply u se  t h e  unadjusted values from a t y p i c a l  case 
( s ee  t ab le  VI-M-1 and corresponding t a b l e s ) ,  whichever 
comes c l o s e s t .  

( 3 )  With t h e  new burn t r a j e c t o r g i s )  p l o t t e d  t o  show a r c s  
a s  zones of  concen t r a t i on ,  as you d i d  f o r  t h i s  burn.  
you can now sum t h e  zones i n  a l l  overlapping areas 
t o  p repare  a mutual t a r g e t s  worktable  i n  t h e  same 
format a s  you d id  i n  S tep  5.Sa f o r  t h i s  burn a lone .  

EXAMPLE: 
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1x1 t h i s  example, the applicable concentration zone values, relating 
two neighbors' burns to your burn, become: 
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DECISION-LOGIC STAGE # 6 :  AUTOhLkTIG DATA PROCESSING ASSISTED mALUSXS 

This Stage is under development at this time and will be i ssued  later. 
The fol lowing is a br ie f  outline of  what i s  planned: 

1. A proarm in FORTRAN for use on any compatible computer.--This 
program will he printed as a "'separateu that can be inserted i n t o  
copies of the Sourcebook. With the program, rapid reiterations 
sf combinations of v a r i a b l e s  now made by hand in Stages W2 through 
#5 will be possible, Hence, t h e  user will be able to quickly 
select the best sf his psese r ip t ion  options, Instructions for use 
will also be printed as a f%separatc8' t h a t  can be i n s e r t e d  i n t o  
copies of  t h e  Guidebook, 

2 .  An ada~tatiou of the above program fofor use i n  a centrat computer.-- 
Data from spot  weather f o r e c a s t s  would bc entered ,  along w i t h  user 
i npu t s  t o  determine likely downwind concent ra t ions ,  

3 .  A refined system for analyzing the e f f ec t s  of m t t i p l e  forestry 
emissions sourees on air qzsality. 

Page 501 of 644



Page 502 of 644



PART 3. TABLES F-13, printed on pink paper) in Chapter IV and 
meteorology tables and figure (tables VI-M- 1 

The tables that follow are for use with the thmugh ~j--M-6 and fig. VIM-1 printed on blue 
Steps in the preceding instructions. Sources of paper) in Chapter V. For the convenience of users 
these table ore & S C U E S ~ ~  in prweding chapters - and to permit periodic updating, each table is pre- 
fuel and firpi- beha"tior tables (VI-F-I. through TI- sented on a separate page. 

Page 503 of 644



Page 504 of 644



Table %'I-F-2. - Fine fuel moisture content of dead grass (1-hour timelag) 

Clisud cover Relative humidity 

Sunny: 

Cloudy: 

70-89 5 6 7 8 9 10 10 11 12 ! 3 

l-/Adapted from Deeming and others (19721. 

Purpose. - To compute the fine fuel molsture content of dead grass 0 25 ~ n c h  and less rn 
diameter. 

Procedure. - Use "cloudy" if there 1s 60 to 90 percent cloud cater, dn ovrrcdst copt-r~ng more 
than 90 percent of the sky, fog showers, or thundcrstnrrns 12 the v i c ~ n ~ t y ,  or ~f the observat~on is being 
taken before 10 OCi J m or af tel 3 00 p rn local stdnddrd t ~ r n e  ""Sunny" covers all other condlt~ons 
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Table VI-F-4. - Expected rate of fire spread in grass fuels 21 2 as a function of midflame 
windspeed and fine fuel moisture eontent where land slopes do not exceed 20 percent 

Fine fuel moisture (percent) 

Feet per minute - - - - 

4 3 

1/ Adapted from Rotherrnel (1972). - 
2 i  Factors used in Rothermel's 11972) equation. - 

Wo = 0.088 lb/ft2 MCE = 30 

i 1 t , - 4 6 % I * - # 2 -  f < - i  t i  ' - 
r,ciarest Yb-:oot, 01 i ri-i,(,-rrci .~lstaiitrt,inr, dud d1v:ri:ng that value by 4. 
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Table VB-F-6. - Total litter weight under loblolly pine stands as aEected by stand basal area 
and age of rough 

Stand 
basal area 

(square feet 
Age of rough (yeassf 

Page 509 of 644



Page 510 of 644



Table VI-F-8. - Expected rate of fire spread in pine needle and low brush fuels?/ 21 as a func- 
tion of midflame windspeed and pine needle litter moisture content where land slopes 
do not exceed 20 percent 

(miles per hour) 

----------- Feetperminute 

l /  Adapted from Rothermel ( 1972). - 
2/ Factors used in Rothermel's (1972) equation: - 

Wo = 1.25 tonjacre = 0.057 1b/ft2 MCE = 0.40 

d = 0.25 (3 inches) WS = 0, 1 ,2 ,3 ,4 ,5 ,6  

s/v = 1,500 MC = 6,8, 12,16,20 

mc = 0.04 (min. content) 

sc = 0.01 

HV = 8,000 

DEN = 26 

3/ Under a tree canopy, midflame windspeed can be estimated by using windspeed values from the - 
nearest 20-foot, open-tower installation and dividing that value by 4. 
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Table VI-F-10. - Estimated total available fuel (litter + vegetation) as a function of total litter layer moisture content, 
total litter weight, and understory vegetative dry weight 

10 PERCENT TOTAL LITTER LAYER MOISTURE CONTENT 

Under-  
story 

vegeta-  
tive dry 
weight 

(tons per 
acre) 

20 PERCENT TOTAL LITTER LAYER MOISTURE CONTENT 

40 PERCENT TOTAL LITTER LAYER MOISTURE CONTENT 

Total available fuel (litter + vegetation) 

Total litter weight in tons per acre 

80 PERCENT TOTAL LITTER LAYER MOISTURE CONTENT 

120 PERCENT TOTAL LITTER LAYER MOISTURE CONTENT 

1 

160 PERCENT TOTAL LITTER LAYER MOISTURE CONTENT 

8 2 10 3 12 4 14 16 5 6 
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Table VI-F-12. - Available fuel 1 inch in diameter and less in the unpiled pine logging debris 
type 

I 
Average d.b.h. 

in cut stand 
Undisturbed logging residue 

I I 
---- Tons per cord cut - - - - 

5 - 0.47 

(inches) 
Loblolls I Slash 
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Table VI-M-1. - Summary of variables used in compiling typical case examples in tables VI-M-2 through VI-M-5 

Meters Megacallsec Meters __ Mlsec pg/M-sec - 
1 Grass: 

Backing fire C 1,500 14.112 800 8 37,800 VI-M-2 

2 Grass: 
Heading fire C 1,500 75.624 400 8 403,200 VI-M-2 

3 Pine needle litter: 
Backing fire C 1,500 4.704 400 8 84,000 VI-M-3 

4 Pine needle litter: 
Heading fire 

CL phase C 1,500 11.76 400 8 966,000 VI-M-3 
NCL phase C 1,500 0 400 8 756,000 VI-M-3 

5 Palmetto-gallberry: 
Backing fire C 1,500 37.632 800 8 168,000 VI-M-4 

6 Palmetto-gallberry: 
Heading fire in 
2-year-old rough C 1,500 137.984 800 8 616,000 VI-M-4 

7 Pine logging debris: 
In winter 

CL phase C 1,500 211.68 500 (eq.) 8 5,745,600 VI-M-5 
NCL phase C 1,500 0 500 (eq.1 8 3,628,800 VI-M-5 

8 Pine logging debris: 
In summer 

CL phase B 2,000 70.56 500 (eq.) 5 1,915,200 VI-M-5 
NCL phase B 2,000 0 500 (eq.) 5 1,209,600 VI-M-5 
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Table VI-Md. - Particulate matter concentrations at various distances downwind for typic 
cases No* 1 and No. 2 

downwind 

0.10 203 
.13 

2,161 
164 

.I6 
1,751 

133 
.20 

1,48 1 
108 

.25 
1,149 

8 7 
.32 

931 
7 1 

.40 
754 

58 
.50 

611 
4 7 

.63 
495 

39 
.79 

400 
3 1 

1.00 
31 9 

26 
1.30 

249 
2 1 

1.60 
188 

18 
2.00 

138 
17 

2.50 
98 

15 
3.20 

68 
12 

4.00 
47 

10 
5.00 

33 
8 

6.30 
24 

5 
7.90 

19 
4 

10.00 
15 

3 
13.00 

11 
2 

16.00 
8 

2 
20.00 

6 
1 

25.00 
4 

1 
32.00 

3 
0 

40.00 
2 

0 
50.00 

2 
0 

63.00 
2 

0 
79.00 

1 
0 

100.00 1 0 1 
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Table VI-M-3 - Particulate matter concentrations at various distances downwind for typical 
cases No. 3 land No. 4 

Distance 1 Heading fire 
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Table VI-M-4. - Particulate matter e3 
eases l% 
oncentrations at various distances downwind for typical 

- To. 5 and No. 6 

Distance 
dournwind Heading fire 

in 2-year-ofd roughs 

0.10 901 - 
3,302 

.13 730 2,675 

.16 591 2,167 

.20 479 

.25 
1,756 

388 1,422 
.32 314 1,152 
.40 256 
.50 

933 
206 

'63 
756 

167 
.79 

612 
135 

1 .00 496 110 
1.30 402 90 
1.60 325 72 
2.00 26 1 57 
2.50 206 45 
3.20 157 3 7 
4.00 116 3 1 
5.00 83 25 
6.30 59 19 
7.90 43 14 

10.00 3 2 10 
13.00 25 7 
16.00 20 5 
20.00 15 3 
25.00 10 2 
32.00 8 2 7 
40.00 1 
50.00 6 1 
63.00 

5 
1 4 

79.00 1 
100.00 3 1 3 
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Table VI-M-5. - Particulate matter concentrations at various distances downwind for typical 
cases No. 7 and No. 8 

n summer 
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Table Vl-M-fS. - F5md-line l ewb comec$jo~ faehrs 

continued 
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Table VI-MS. - Fired-line length correction factors (Ccmtinued) 
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q xL-TOTAL EMISSION RATE x lo8 (MICROGRAMS/SECOND) 
Figure VI-M-1. - Plot of total emission rate (qL1 versus transpofi windspeed (u) ; (qL = 7.5 x 108 jtg/m2 -secf .lb help determine if a - 

U 
fire might deliver 150 micmgrams of particulatr? matter per cubic meter of air to a location 60 or more miles domwind, locate 
the intersection of your total emission rate (emission rate (ER) x fired-line length (L) with your transport windspd. For ex- 
ample, a fire with an ER of 1,200,000 gglm-see and a 400 m line has a total ER of 480,000,000 pglsec (i.e., 4.8 x 108 ~glsee). 
Such a fire is unsafe if the transport windspd  is 5 rnlsec, but safe if it is 10 mlsec. (See example plotted as A and 3, respec- 
tively.) 
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GLOSSARY 
Advancing-front combustion stage. - The 

period of combustion when a fire is spread- 
ing, usually accompanied by flaming com- 
bustion that releases heat that sustains the 
convection column. 

Aerosol. - See Particulate matter. 
Age of rough. - Time in years since the forest 

fuel was last reduced. 

Ambient air. - Literally, the air moving around 
us; the air of the surrounding environment. 

Available fuel. - The portion of the total com- 
bustible woody material that fire will con- 
sume under given conditions. 

Backing fire. - A fire spreading against the 
wind. Flames tilt away from direction of 
spread. 

Basal area. - The area of the cross section of a 
tree stem near its base, generally at breast 
height and inclusive of bark. 

Bound water. - Bound moisture. Moisture that 
is intimately ass~eiated with the finer wood 
elements of the cell wall by molecular sorp- 
tion. 

Breast height. - On standing trees, a standard 
height (4-112 feet) from ground level for 
recording diameteq girth, or basal area. 

Broadcast burn. - The burning of forest residue 
scattered over an area. 

Char. - Charcoal. The residue from the destruc- 
tive distillation of wood or animal matter 
with exclusion of air; contains carbon and 
inorganic matter. 

Clearcutting. - Strictly, the removal of the en- 
tire standing crop. 

Climax. - The culminating stage in plant suc- 
cession for a given environment, the vegeta- 
tion being conceived or having reached a 
highly stable condition. 

Coagulation, - A separation or precipitation 
from a dispersed state of suspended particles 
resulting from their growth. 

Combustion. - The burning or rapid oxidation of 
the pyrolysate vapors escaping from the sur- 
face of the fuel. 

Condensation. - (1) The linking together of two 
or more molecules, resulting in the forma- 
tion of long-chain compounds. (2) The pro- 
cess bf forming a liquid from its vapor. 

Convection column. - That portion of a smoke 
plume sharply defined by the buoyant forces 
of heated air and effluents. 

Convective-lift fire phase. - The phase of a fire 
when most of the emissions are entrained 
into a definite convection column. 

Cord. - A unit of gross volume measurement for 
stacked round or cleft w d ;  i.e., based on ex- 
ternal dimensions. A standard cord contains 
128 stacked cubic feet and generally implies 
a stack of 4 x 4 f e t  vertical cross section x 8 
feet long, with a small percent extra in 
height to allow for settlement. 

Crop tree. - Any tree forming, or selected to 
form, a component of the final crop. 

Decomposition. - The more or less permanent 
breaking down of a molecule into simpler 
molecules or atoms. 

Denitrification. - Reducing nitrates to nitrites, 
nitrous oxide, or nitrogen under anaerobic 
conditions. 

d.b.h. - Diameter at breast height (4-lf2 feet 
above ground level). 

Diffusion. - In meteorology, the exchange of 
fluid parcels (and hence the transport of con- 
servative properties) between regions in 
space, in the apparently random motions of a 
scale too small to be treated by the equations 
of motion. 

Dispersion. - In air  pollution terminology, 
loosely applied to the removal (by whatever 
means) of pollutants from the atmosphere 
over a given area; or the distribution of a 
given quantity of pollutant throughout an 
increasing volume of atmosphere. 

Eddy. - Any circulation drawing its energy from 
a flow of much larger scale, and brought 
about by pressure irregularities as in the lee 
of a solid obstacle. 

Effluent. - The mixture of substances, gases and 
liquids, and suspended matter, discharged 
into the atmosphere (or ground, river, ocean) 
as the result of a given process. 

Emission. - Pollutants released to the a t -  
mosphere from any combustion process. 
Sometimes used synonymously with  
effluent, but i t  is more applicable to at- 
mospheric discharges. 

Emission factor. - The quantity of pollutant 
released to the atmosphere per unit weight 
of dry fuel consumed during combustion 
(pounds per ton). 

Emission rate. - The quantity of pollutant 
released to the atmosphere per unit of time 
per unit length of fire front, 
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Fermentation layer. - The layer consisting of 
partly decomposed organic matter. The 
structure of the plant debris is generally 
well enough preserved to permit identifica- 
tion of its source. 

Fine fuel. - Flash fuels. F'uels; e.g., grass, ferns, 
leaves, draped (i.e., intercepted when falling) 
needles, tree moss, and some kinds of light 
slash, that ignite readily and are consumed 
rapidly by fire when dry. 

Fire behavior. - The manner in which fuel ig- 
nites, flame develops, and fire spreads and ex- 
hibits other phenomena. 

Firing technique. - A method of igniting a 
wild landarea to consume the fuel in a 
prescribed pattern; e.g., heading or backing 
fire, spot fire, strip-head fire, and ring fire. 

Flaming combustion. - Luminous oxidation of 
the gases evolved from the decomposition of 
the fuel. 

Flaming phase. - That phase of a fire where the 
fuel is ignited and consumed by flaming 
combus tion. 

Fossil fuels. - Coal, oil, and natural gas; so called 
because they are the remains of ancient 
plant and animal life. 

Free water. - Free moisture. In wood, moisture 
contained in the cell cavities and intercellu- 
lar spaces and held by capillary forces only. 

Fuel loading. - The amount of fuel present ex- 
pressed quantitatively in terms of weight of 
fuel per unit area. This may be available fuel 
or total fuel and is usually dry weight. 

Fuel type. - An identifiable association of fuel 
elements of distinctive species, form, size, ar- 
rangement, or other characteristics, that 
will cause a predictable rate of fire spread or 
difficulty of control, under specified weather 
conditions. 

Glowing phase. - That phase of a fire where the 
char left from the flaming phase is con- 
sumed by solid oxidation. 

Heading fire. - A fire spreading with the wind. 
Flames tilt in the direction of spread. 

Heat release rate to the atmosphere. - The 
amount of heat released to the atmosphere 
from the advancing-front combustion stage 
of a fire per unit of time. 

Heat yield. - ?'o a very close approximation, the 
quantity of heat per pound of fuel burned 
that passes through a cross section of the 
convection column above a fire that is burn- 
ing in a neutrally stable atmosphere. 

Herbaceous. - Soft and green, containing little 
woody tissue. 

Hydrocarbons. - A general term for organic 
compounds that contain only carbon and hy- 
drogen in the molecule. They are divided into 
saturated and unsaturated hydrocarbons, 
aliphatic (paraffin or fatty), and aromatic 
(benzene) hydrocarbons. 

Humus. - (1) A general term for the more or less 
decomposed (plant and animal) residues in 
the soil; litter, therefore, being excluded. (2) 
More specifically, the more or less stable frac- 
tion from the decomposed soil organic 
material, generally amorphous, colloidal, 
and dark colored. 

Inversion. - Temperature inversion. A layer in 
which temperature increases with altitude. 

Litter. - The uppermost layer, the L-layer, or 
organic debris on a forest floor; i.e., essen- 
tially the freshly fallen or only slightly 
decomposed vegetable material -mainly 
foliate (leaf litter)-but also bark frag- 
ments, twigs, flowers, fruits, etc. 

Micron. - One mi l l ion th  of a mete r ,  a 
micrometer. 

Mixing. - A random exchange of fluid parcels on 
any scale from the molecular to the largest 
eddy. 

Mixing height. - The height to which relatively 
vigorous mixing occurs (meters). 

Model. - A mathematical or physical system, 
obeying certain specified conditions, whose 
behavior is used to understand a physical, 
biological, or social system to which i t  is 
analogous in some way. 

Moisture content. - The amount of water pre- 
sen t  in  a mater ia l ;  e.g., wood or soil, 
generally expressed as a percent of the  
material's ovendry weight. 

National Fire-Danger Rating System. - The 
method currently used by the USDA Forest 
Service and other Federal, State, and county 
agencies to uniformly describe the cumula- 
tive effects of weather on wildfire behavior. 

Naval stores. - A term of historical pedigree, 
still applied to the products of the United 
States resin industry, nowadays particularly 
to turpentine and resin, but also to pine tars 
and pitch. 

No-convective-lift fire phase. - The phase of a 
fire when most emissions are not entrained 
into a definite convective column. 

Page 528 of 644



Nucleate. - Tb form into or around a nucleus, as 
in the formation of particulate matter. 

Organic soil. - Any soil or soil horizon consist- 
ing chiefly of, or containing at least 30 per- 
cent of organic matter; examples are peat soil 
and muck soil. 

Ovendry. - Of wood dried to constant weight in a 
ventilated oven at a temperature above the 
boiling point of water, generally 103 ~f: OC. 

Overstory. - That portion of the trees, in a forest 
of more than one story, forming the upper or 
uppermost canopy layer; e.g., frequent 
emergents in multi-storied tropical forests 
or, in a two-storied forest, seed bearers over 
regeneration and standards over coppice. 

Particulate matter. - Any liquid or solid parti- 
cles suspended in or falling through the at- 
mosphere. 

Total suspended particulate matter (TSP) 
is that portion of the total particulate matter 
that, because of i t s  size (below 5 to 10 
microns in diameter), is transported long dis- 
tances in the atmosphere and has the 
greatest potential for environmental impact. 
Respirable suspended particulate matter 
(RSP) is that portion of the total particulate 

Plume. - The segment of the atmosphere oc- 
cupied by any of the emissions from a single 
source. A convection column, if one exists, 
forms a specific part of the plume. 

Point source. - See Source. 
Pollutant. - With respect to the atmosphere, any 

substance within it that is foreign to the 
natural atmosphere or that  exceeds i ts  
natural concentrations in the atmosphere. 
The universal connotation is that a pollutant 
is potentially deleterious. 

Polymer. - A complex molecule formed from the 
combination of several molecules and hav- 
ing the same empirical formula as the sim- 
ple ones. 

Pre-ignition phase. - That phase of a fire when 
the fuel is heated to ignition temperature. 

Prescribed burning. - Controlled application of 
fire to wild land fuels in either their natural 
or modified state, under such conditions of 
weather, fuel moisture, soil moisture, etc., as 
allows the fire to be confined to a predeter- 
mined area and at the same time to produce 
the intensity of heat and rate of spread re- 
quired to further certain planned objectives 
of silviculture, wildlife habitat manage- 
ment, grazing, fire hazard reduction, etc. 

matter that, because of its size (below 2 to 3 Pyrolysis. - The thermal or chemical decomposi- 
microns in diameter), has an especially long tion of fuel at an elevated temperature. 
residence time in the atmosphere and 
penetrates deeply into the lungs. Aerosol is 
used interchangeably for the smaller air- 
borne pa r t i cu l a t e  m a t t e r  by many  
authorities. However, aerosols are more pre- 
cisely defined as particles in a gaseous 

Rate of spread. - The amount that a fire extends 
its horizontal dimensions within a unit of 
time. This can be expressed as forward rate 
of spread of the advancing fire front, area 
rate of spread, or perimeter rate of spread. 

medium. Residual combustion stage. - The smoldering 
zone behind the zone of an advancing fire 

Particulate mass concentration. - The front. 
amount of particulate matter per unit  
volume of air (p  g/m 3 ) . Respirable suspended particulate matter 

(RSP). - See Particulate matter. 
Perturbation. - Any departure introduced into 

an assumed steady state of a system. 

Photochemical process. - The chemical 
changes brought about by the radiant 
energy of the sun acting upon various pollut- 
ing substances. The products are known as 
photochemical smog. 

Photosynthesis. - The building up of organic 
compounds, particularly carbohydrates, in 
green cells, from C02 in the presence of Hz0 
and light, the energy of the latter being 
transformed by chlorophyll and enzymes. 

Physiological. - Relating to the functions of 
plant or animal as a living organism. 

Rough. - An accumulation of living or dead 
material that is susceptible to burning. 

Smoke management. - Conduct ing a 
prescribed fire under fuel moisture and 
meteorological conditions, and with firing 
techniques that keep the smoke's impact on 
the environment within acceptable limits. 

Smoldering phase. - The combined processes of 
dehydration, pyrolysis, solid oxidation, and 
scattered flaming often occurring after the 
flaming phase of a fire. Often characterized 
by emissions of large amounts of smoke. 

Soluble. - That can be dissolved; capable of pass- 
ing into solution, as sugar is soluble in water. 
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Sorption. - The uptake and retention of one 
substance (the sorbate) at the s d i e  (ad- 
sorption) or in the interior (absorption) of 
another (the sorknt). 

Sowce. - A point, line, area, or volume at which 
mass or energy is add4  to a system, either 
insmlaneously or continuously Conversely, 
at a sink, mass or energy is removed. Exam- 
ples of soums in the context of air pollution 
are as follows : a smoke stack is a point source; 
a freeway or aircraft trajectory is a line 
source, 

Surfaice fuel. - The loose surface litter on the 
forest floor, normally consisting of fallen 
leaves or needles, twigs, bark, cones, and 
small branches that have not yet decayed 
sufficiently to lose their identity. Also 
grasses, shrubs less than 4 feet in height, 
heavier branchwood, down logs, stumps, 
seedlings, and forbs interspersed with or par- 
tially replacing the littet: 

Synergism. - The cooperative action of separate 
substances which, together, have greater 
total effect than the sum of their individual 
effects, 

Target. - Any place at which adverse effects of 
smoke concentrations may be experienced. 

Temwrate zone. - Either of two zones of the 
Earth between the Tropics and the Polar cir- 
cles. 

Thermal energy. - Heat energy 

Total fuel. - The total combustible woody 
material. 

Total suspended particulate matter (TSP). - 
See Particulate matter. 

Toxic. - Relating to a harmful effect by a 
poisonous substance on the human body by 
physical contact, ingestion, or inhalation. 

Transport windspeed. - A measure of the 
average rate of the horizontal transport of 
air within the mixing layer (meters per sec- 
ond>. 

Turbulence. - A complex spectrum of fluctuat- 
ing, disordered motion superimposed on the 
mean flow of a liquid or gas. 

Understory. - Any plants growing under the 
canopy formed by others - more particu- 
larly-herbaceous and shrub vegetation 
under a brushwood or tree canopy. 
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METRIC CONVERSION AND PREFIX TMLE 
Metric Conversion 

From Symbol To Symbl Multiply by 
hngth 

Inches in Centimeters cm 2.54 
Cen timebrs cm Inches in. 0.393'9 
Feet ft  Meters m 0.3048 
Meters rn Feet ft 3.281 
Miles mile Kilometers km 1.609 
Kilometers km Miles mile 0.6214 

Area 
Acres acre Square meters m2 4047 
Square meters m2 Acres acre 0.00025 
Acres acre Hectares ha 0.4047 
Hectares ha Acres acre 2.471 

Cubic inches in 3 Cubic centimeters cm3 16.39 
Cubic centimeters em3 Cubic inches in3 0.061 
Cubic feet ft 3 Cubic meters m3  0.0283 
Cubic meters 1113 Cubic feet ft 3 35.31 

Mms 
Pounds lbs Grams g 453.6 
Grams g Pounds f bs 0.0022 
Pounds lbs filograms kg 0.4536 
Kilograms kg Pounds Ibs 2,205 
Short tons sh' ton Metric tons rn, ton 0.9072 
Metric tons m. ton Short tons sh. ton 1.102 

S P ~  
Feetlminute ftlmin Meterslminute mlmin 0.3048 
Meterslminute m/min Feetlminute ftlmin 3.281 
Mileshour mph Kilometershour kmkr  1.609 
Klometers/hour kmkr  Mileshour mph 0.621 4 

Temprature 
Fdrenheit "F Celsius "C 

Celsius "C Fahmnhei t "F 

Energy 

5/9 after 
subtracting 32 

9/5 then 
add 32 

British thermal units Btu Calories cal 252.0 
Calories cal British thermal units Btu 0.004 
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Prefix 
Multiple Prefix 

gigs 
mega 
kilo 
hecto 
deka 

deci 
centi 
milli 
micro 
nano 

Symbol 
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Introduction
Smoke rolls into town, blanketing the city, turning on streetlights, creating an eerie and choking
fog.  Switchboards light up as people look for answers.  Citizens want to know what they should
do to protect themselves.  Schools officials want to know if outdoor events should be cancelled.
The news media want to know how dangerous the smoke really is.

Smoke events often catch us off-guard.  This guide is intended to provide local public health
officials with the information they need when wildfire smoke is present so they can adequately
communicate health risks and precautions to the public.  It is the product of a collaborative effort
by scientists, air quality specialists and public health professionals from Federal, state and local
agencies.

Composition of smoke
Smoke is composed primarily of carbon dioxide, water vapor,
carbon monoxide, particulate matter, hydrocarbons and other
organic chemicals, nitrogen oxides, trace minerals and several
thousand other compounds.  The actual composition of smoke
depends on the fuel type, the temperature of the fire, and the
wind conditions.  Different types of wood and vegetation are
composed of varying amounts of cellulose, lignin, tannins and
other polyphenolics, oils, fats, resins, waxes and starches, which
produce different compounds when burned.

Particulate matter is the principal pollutant of concern from
wildfire smoke for the relatively short-term exposures (hours to
weeks) typically experienced by the public.  Particulate matter
is a generic term for particles suspended in the air, typically as a
mixture of both solid particles and liquid droplets.  Particles
from smoke tend to be very small - less than one micrometer in
diameter.  For purposes of comparison, a human hair is about 60
micrometers in diameter.    Particulate matter in wood smoke
has a size range near the wavelength of visible light (0.4 – 0.7
micrometers). Thus, smoke particles efficiently scatter light and
reduce visibility. Moreover, such small particles can be inhaled
into the deepest recesses of the lung and are thought to represent
a greater health concern than larger particles.

Another pollutant of concern during smoke events is carbon
monoxide. Carbon monoxide is a colorless, odorless gas,
produced by incomplete combustion of wood or other organic
materials.  Carbon monoxide levels are highest during the

smoldering stages of a fire.
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Other air pollutants, such as acrolein, benzene, and formaldehyde, are present in smoke, but in
much lower concentrations than particulate matter and carbon monoxide.   

Health effects of smoke
The effects of smoke range from eye and respiratory tract irritation to more serious disorders,
including reduced lung function, bronchitis, exacerbation of asthma, and premature death.
Studies have found that fine particles are linked (alone or with other pollutants) with increased
mortality and aggravation of pre-existing respiratory and cardiovascular disease.  In addition,
particles are respiratory irritants, and exposures to high concentrations of particulate matter can
cause persistent cough, phlegm, wheezing and difficulty breathing.  Particles can also affect
healthy people, causing respiratory symptoms, transient reductions in lung function, and
pulmonary inflammation. Particulate matter can also affect the body’s immune system and make
it more difficult to remove inhaled foreign materials from the lung, such as pollen and bacteria.
The principal public health threat from short-term exposures to smoke is considered to come
from exposure to particulate matter.

Carbon monoxide (CO) enters the bloodstream through the
lungs and reduces oxygen delivery to the body’s organs and
tissues.  The CO concentrations typical of population
exposures related to wildfire smoke do not pose a significant
hazard, except to some sensitive individuals and to
firefighters very close to the fire line. Individuals who may
experience health effects from lower levels of CO are those
who have cardiovascular disease: they may experience chest
pain and cardiac arrhythmias. At higher levels, as might be
observed in a major structural fire, carbon monoxide
exposure can cause headaches, dizziness, visual impairment,

reduced work capacity, and reduced manual dexterity, even in otherwise healthy individuals.  At
even higher concentrations (seldom associated solely with a wildfire), carbon monoxide can be
deadly.

Wildfire smoke also contains significant quantities of respiratory irritants.  Formaldehyde and
acrolein are two of the principal irritant chemicals that add to the cumulative irritant properties of
smoke, even though the concentrations of these chemicals individually may be below levels of
public health concern.

One concern that may be raised by members of the general public is whether they run an
increased risk of cancer or other long-term health impacts of exposure to wildfire smoke. People
exposed to toxic air pollutants at sufficient concentrations and durations may have slightly
increased risks of cancer or of experiencing other chronic health problems.  However, in general,
the long-term risk from short-term smoke exposure is quite low. Epidemiological studies have
shown that urban firefighters exposed to smoke over an entire working lifetime have about a
three-fold increased risk of developing lung cancer (Hansen 1990). This provides some
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perspective on the potential risks. The major carcinogenic components of smoke are polycyclic
aromatic hydrocarbons (PAHs). Although the carcinogens benzene and formaldehyde are also
present in smoke, they are thought to present a lesser risk.

Not everyone who is exposed to thick smoke will have health problems.  The level and duration
of exposure, age, individual susceptibility, including the presence or absence of pre-existing lung
or heart disease, and other factors play significant roles in determining whether or not someone
will experience smoke-related health problems.

Sensitive populations
Most healthy adults and children will recover quickly from smoke exposures and will not suffer
long-term consequences.  However, certain sensitive populations may experience more severe
short-term and chronic symptoms from smoke exposure.  Much of the information about how
particulate matter affects these groups has come from studies involving airborne particles in
cities, though a few studies examining the effects of exposure to smoke suggest that the health
effects of wildfire smoke are likely to be similar. More research is needed to determine whether
particles from wildfires affect susceptible subpopulations differently.

Individuals with asthma and other respiratory diseases:  Levels of pollutants that may not
affect healthy people may cause breathing difficulties for people with asthma or other chronic
lung diseases.  Asthma, derived from the Greek word for panting, is a condition characterized by
chronic inflammation of the airways, with intermittent bronchoconstriction and airflow
obstruction, causing shortness of breath, wheezing, chest tightness, coughing, sometimes
accompanied by excess phlegm production.  During an asthma attack, the muscles tighten around
the airways and the lining of the airways becomes inflamed and swollen, constricting the free
flow of air.  Because children’s airways are narrower than those of adults, irritation that would
create minor problems for an adult may result in significant obstruction in the airways of a young
child. However, the highest mortality rates from asthma occur among older adults.

Individuals with chronic obstructive pulmonary disease (COPD), which is generally considered
to encompass emphysema and chronic bronchitis, may also experience a worsening of their
conditions because of exposure to wildfire smoke.  Patients with COPD often have an asthmatic
component to their condition, which may result in their experiencing asthma-like symptoms.
However, because their pulmonary reserve has typically been seriously compromised, additional
bronchoconstriction in individuals with COPD may result in symptoms requiring medical
attention.  Epidemiological studies have indicated that individuals with COPD run an increased
risk of requiring emergency medical care after exposure to particulate matter or forest fire
smoke.  Exposure to smoke may also depress the lung’s ability to fight infection.  People with
COPD may develop lower respiratory infections after exposure to wildfire smoke, which may
require urgent medical care as well. In addition, because COPD is usually the result of many
years of smoking, individuals with this condition may also have heart disease, and are potentially
at risk from both conditions.
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Individuals with airway hyperresponsiveness:  A significant fraction of the population may
have airway hyperresponsiveness, an exaggerated tendency of the bronchi and bronchioles to
constrict in response to respiratory irritants and other stimuli.  While airway hyperresponsiveness
is considered a hallmark of asthma, this tendency may also be found in many nonasthmatics, as
well; for example, during and following a lower respiratory tract infection.  In such individuals,
smoke exposure may cause bronchospasm and asthma-like symptoms.

Individuals with cardiovascular disease:  Diseases of the circulatory system include, among
others, high blood pressure, cardiovascular diseases, such as coronary artery disease and
congestive heart failure, and cerebrovascular conditions, such as atherosclerosis of the arteries
bringing blood to the brain. These chronic conditions can render individuals susceptible to
attacks of angina pectoris, heart attacks, sudden death due to a cardiac arrhythmia, acute
congestive heart failure, or stroke.  Cardiovascular diseases represent the leading cause of death
in the United States, responsible for about 30 to 40 percent of all deaths each year.  The vast
majority of these deaths are in people over the age of 65.  Studies have linked urban particulate
matter to increased risks of heart attacks, cardiac arrhythmias, and other adverse effects in those
with cardiovascular disease.  People with chronic lung or heart disease may experience one or
more of the following symptoms: shortness of breath, chest tightness, pain in the chest, neck,
shoulder or arm, palpitations, or unusual fatigue or lightheadedness.  Chemical messengers
released into the blood because of particle-related lung inflammation may increase the risk of
blood clot formation, angina episodes, heart attacks and strokes.

The elderly.  In several studies researchers have estimated that tens of thousands of elderly
people die prematurely each year from exposure to particulate air pollution, probably because the
elderly are more likely to have pre-existing lung and heart diseases, and therefore are more
susceptible to particle-associated effects.  The elderly may also be more affected than younger
people because important respiratory defense mechanisms may decline with age.  Particulate air
pollution can compromise the function of alveolar macrophages, cells involved in immune
defenses in the lungs, potentially increasing susceptibility to bacterial or viral respiratory
infections.

Children.  Children, even those without any pre-existing illness or chronic conditions, are
considered a sensitive population because their lungs are still developing, making them more
susceptible to air pollution than healthy adults.  Several factors lead to increased exposure in
children compared with adults: they tend to spend more time outside; they engage in more
vigorous activity, and they inhale more air (and therefore more particles) per pound of body
weight. Studies have shown that particulate pollution is associated with increased respiratory
symptoms and decreased lung function in children, including symptoms such as episodes of
coughing and difficulty breathing.  These can result in school absences and limitations of normal
childhood activities.

Pregnant women.  While there have not been studies of the effects of exposure to wildfire
smoke on pregnancy outcomes, there is substantial evidence of adverse effects of repeated
exposures to cigarette smoke, including both active and passive smoking.  Wildfire smoke
contains many of the same compounds as cigarette smoke.  In addition, recent data suggest that
exposures to ambient air pollution in cities may result in low birthweight and possibly other,
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more serious adverse reproductive effects.  Therefore, it would be prudent to consider
pregnant women as a potentially susceptible population as well.

Smokers.  People who smoke, especially those who have smoked for many years, have already
compromised their lung function. However, due to adaptation of their lungs to ongoing
irritation, smokers are less likely to report symptoms from exposure to irritant chemicals than
are nonsmokers.  However, they may still be injured by wildfire smoke.  Therefore, some
smokers may unwittingly put themselves at greater risk of potentially harmful wildfire smoke
exposures, believing that they are not being affected.

Recommendations for the public

Pre-season public service announcements

In areas where fires are likely to occur, state and local public health agencies should consider running
pre-season public service announcements (PSAs) or news releases to advise the public on how to
prepare for the fire season.  PSAs should be simple (e.g., the season for wildfires is approaching; there
are things you can do now to help protect your health and prepare your home in the event of a
wildfire), and should list a contact phone number or website for further information.

News releases should be used to provide more detailed information, including information for the
general public and for people with chronic diseases.

General recommendations to the public should include at least the following:

1. Have a several-day supply of nonperishable groceries that do not require cooking, since
cooking can add to indoor pollutant levels.

2. If you develop symptoms suggestive of lung or heart problems, consult a health-care provider
as soon as possible.

3. Be alert to PSAs.
4. Be aware that outdoor events, such as athletic games or competitions, may be postponed or

cancelled if smoke levels become elevated.

Recommendations for people with chronic diseases should include at least the following:

1. Have an adequate supply of medication (more than 5 days)
2. People with asthma should have a written asthma management plan.
3. Contact a health-care provider if your condition worsens when you are exposed to smoke.
4. A news release could also include recommendations for preparing residences to keep smoke

levels lower indoors, and on the appropriate use of facemasks.  A sample news release
developed by the Washington State Department of Health can be found in Appendix B.
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Public advisories and protective measures

Table 2 provides a general list of health effects and cautionary statements for use in public
advisories.  The categories are based on the Environmental Protection Agency’s Air
Quality Index (AQI), as well as work done in Montana, California and Washington. (For
more information on the AQI, see http://www.epa.gov/airnow/aqibroch/). The
recommended PM2.5 concentrations (1- to 3-hour averages) at which these advisories
should be issued are listed in Table 3.  If only PM10 measurements are available, and
conditions are smoky, it should be assumed that the PM10 levels are composed primarily of
fine particles (PM2.5), and the AQI for PM10 should be used.

Table 3 provides guidance to public health officials on measures that can be taken to
protect public health.  These levels are intended for use in extraordinary circumstances to
help public health authorities, the media, and the general public make decisions regarding
appropriate strategies to mitigate exposure to smoke.  It should be recognized that there are
no directly relevant epidemiological or controlled human exposure studies that offer
guidance in the selection of these levels, in part because studies of short-term effects of
particles generally have not been conducted and in part because the toxicity of smoke is
likely related to gases in smoke as well as particles.
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Table 2.  Health Effects and Cautionary Statements

Category (see Table
3)

Health Effects Cautionary
Statements1

Other Protective
Actions

Good None expected None None
Moderate Possible aggravation of

heart or lung disease
Unusually sensitive
individuals should
consider limiting
prolonged or heavy
exertion.
- People with heart or
lung disease should pay
attention to symptoms
- If you have symptoms
of lung or heart disease,
including repeated
coughing, shortness of
breath or difficulty
breathing, wheezing,
chest tightness or pain,
palpitations, nausea,
unusual fatigue or
lightheadedness,
contact your health care
provider.

- If symptomatic, reduce
exposure to particles by
following advice in box
below.

Unhealthy for Sensitive
Groups

Increasing likelihood of
respiratory or cardiac
symptoms in sensitive
individuals,
aggravation of heart or
lung disease and
premature mortality in
persons with
cardiopulmonary
disease and the elderly.

Sensitive Groups:
People with heart or
lung disease, the
elderly, children and
pregnant women should
limit prolonged or
heavy exertion.
- Limit time spent
outdoors
- Avoid physical
exertion
- People with asthma
should follow asthma
management plan
- If you have symptoms
of lung or heart disease
that may be related to
excess smoke exposure,
including repeated
coughing, shortness of
breath or difficulty
breathing, wheezing,
chest tightness or pain,
heart palpitations,
nausea, unusual fatigue
or lightheadedness,
contact your health care
provider.

- Keep doors and windows
closed, seal large gaps as
much as possible
- If cooling is needed, turn
air-conditioning to re-
circulate mode in home
and car, or use ceiling fans
or portable fans (but do
not use whole house fans
that suck outdoor air into
the home).
- Avoid indoor sources of
pollutants, including
tobacco smoke, heating
with wood stoves and
kerosene heaters, frying or
broiling foods,
vacuuming, and using
paints, solvents, and
adhesives
- Keep at least 5-day
supply of medication
available.
- Have supply of non-
perishable groceries that
do not require cooking.

                                                
1 Higher advisory levels automatically incorporate all of guidance offered at lower levels.
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Table 2.  Health Effects and Cautionary Statements (continued)

Category (see Table
3)

Health Effects Cautionary
Statements1

Other Protective
Actions

Unhealthy Increased aggravation of
heart or lung disease and
premature mortality in
persons with
cardiopulmonary disease
and the elderly;
increased respiratory
effects in general
population.

Sensitive Groups:
should avoid prolonged
or heavy exertion
- Stay indoors; avoid
exertion.
General Population:
should limit prolonged
or heavy exertion
- Limit time spent
outdoors
- If you have symptoms
of lung or heart disease
that may be related to
excess smoke exposure,
including repeated
coughing, shortness of
breath or difficulty
breathing, wheezing,
chest tightness or pain,
palpitations, nausea or
unusual fatigue or
lightheadedness, contact
your health care
provider.

Sensitive Groups:
- Stay in a “clean room”
at home (where there are
no indoor smoke or
particle sources, and
possibly an air cleaner is
used).
- Go to a “cleaner air”
shelter (see Appendix
A) or possibly out of
area

General Population:
- Follow advice for
sensitive groups in box
above.

- Identify potential
“cleaner air” shelters in
the community (see
Appendix A).

Very Unhealthy Significant aggravation
of heart or lung disease,
premature mortality in
persons with
cardiopulmonary disease
and the elderly;
significant increase in
respiratory effects in
general population.

General Population:
should avoid prolonged
or heavy exertion

- Stay indoors, avoid
exertion

General Population: If
symptomatic, evacuate
to cleaner air shelter or
leave area, if safe to do
so.

Hazardous Serious aggravation of
heart or lung disease,
premature mortality in
persons with
cardiopulmonary disease
and the elderly; serious
risk of respiratory
effects in general
population.

General Population:
should avoid any
outdoor activity.

General Population: If
symptomatic, evacuate
to cleaner air shelter or
leave area, if safe to do
so.

                                                
1 Higher advisory levels automatically incorporate all of the guidance offered at lower levels.
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Table 3.  Recommended Actions for Public Health Officials

Category PM2.5 or PM10

Levels (µg/m3,
1- to 3-hr avg.)

Visibility - Arid
Conditions
(miles)

Recommended Actions

Good 0 - 40 > 10 If smoke event forecast, implement
communication plan

Moderate 41 - 80 6 – 9 - Issue public service announcements (PSAs)
advising public about health effects/symptoms
and ways to reduce exposure
- Distribute information about exposure
avoidance

Unhealthy for
Sensitive Groups

81 - 175 3 – 5 - If smoke event projected to be prolonged,
evaluate and notify possible sites for clean air
shelters
- If smoke event projected to be prolonged,
prepare evacuation plans

Unhealthy 176 - 300 1.5 - 2.5 - Consider “Smoke Day” for schools (i.e., no
school that day), possibly based on school
environment and travel considerations
- Consider canceling public events, based on
public health and travel considerations

Very Unhealthy 301 - 500 1 – 1.25 - Consider closing some or all schools
(However, newer schools with a central air
cleaning filter may be more protective than
older, leakier homes.  See “Closures”, below )
- Cancel outdoor events (e.g., concerts and
competitive sports)

Hazardous > 500 < 0.75 - Close Schools
- Cancel outdoor events (e.g., concerts and
competitive sports)
- Consider closing workplaces not essential to
public health
-  If PM level projected to continue to remain
high for a prolonged time, consider evacuation
of sensitive populations
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Specific strategies
Staying Indoors

The most common advisory issued during a smoke
pollution episode is to stay indoors.  The usefulness of this
strategy depends entirely on how clean the indoor air is.
This strategy can usually provide some protection,
especially in a tightly closed, air-conditioned house in
which the air-conditioner can be set to re-circulate air
instead of bringing in outdoor air.  Staying inside with the
doors and windows closed can usually reduce exposure to
ambient air pollution by about a third.  In homes without
air conditioning, indoor concentrations of fine particles can
approach 70 to 100 percent of the outdoor concentrations.
In very leaky homes and buildings, the guidance to stay
inside with doors and windows closed may offer little protection.  If doors and windows are left open,
particle levels indoors and outdoors will be about the same.

Increased risk of heat stress is also an important drawback of advising people to stay inside during
smoke events.  The fire season typically extends from mid-summer through the early fall, when high
outside temperatures are common.  For individuals who depend on open windows and doors for
ventilation, keeping windows and doors closed can be problematic.  Older individuals and others in
frail health run the risk of heat exhaustion or heat stroke, which could have dire consequences.  If
outdoor temperatures are very high, it would be prudent to advise those without air conditioning to stay
with friends or family who do, go to a cleaner air shelter in their community, or to leave the area.  This
and other options are discussed below.

Sometimes smoke events can last for several weeks or (rarely) months.  These longer events are usually
punctuated by periods of relatively clean air.  When air quality improves, even temporarily, residents
should “air out” their homes to reduce indoor air pollution.  People may also wish to clean their
residences during such reduced smoke intervals, including mopping, dusting, and vacuuming, in order
to reduce subsequent resuspension of particles that may have settled when the smoke was thicker.

Reduced activity

Reducing physical activity is an important and effective strategy
to lower the dose of inhaled air pollutants and minimize health
risks during a smoke event. During exercise, people can increase
their air intake as much as 10 to 20 times their resting level.
Increased breathing rates bring more pollution deep into the lungs.
Furthermore, while exercising, people tend to breathe through
their mouths, bypassing the natural filtering ability of the nasal
passages, again delivering more pollution to the lungs.  They also
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tend to breathe more deeply, modifying the normal patterns of particle deposition in the lungs.

Reduce other sources of indoor air pollution

Many indoor sources of air pollution can emit
large amounts of the same pollutants present in
forest fire smoke.  Indoor sources such as
burning cigarettes, gas, propane and wood-
burning stoves and furnaces, and activities such
as cooking, burning candles and incense, and
vacuuming can greatly increase the particle
levels in a home and should be avoided during
high pollution or when wildfire smoke is
present.  For instance, in a room of 125 square
feet, it takes only 10 minutes for the side-
stream smoke of 4 cigarettes to create levels of
particles in the hazardous ranges (644
micrograms of particles per cubic meter of air or µg/m3).  Frying or broiling some foods can produce
even higher levels of particles in the kitchen and dining areas.  Some of these sources can also increase
the levels of polycyclic aromatic hydrocarbons (PAHs), carbon monoxide and nitrogen oxides. Besides
cigarette smoke, combustion sources that do not properly vent to the outdoors (including “room-
vented” or “vent-free” appliances) contribute most to indoor pollutant levels, and are of greatest
concern. Reducing indoor air pollutant emissions during smoke events may reduce indoor particle
levels by one quarter to one third or more.  Levels of PAHs, volatile organic chemicals (VOCs) and
other pollutants can be reduced by even greater proportions.  These reductions can help compensate for
the increased particle loading from the outdoor air.

Air conditioners

Little is known about the impact of using various types of air conditioners and air filters on indoor air
pollutant concentrations.  The conventional wisdom is that air conditioners reduce the amount of
outdoor particles infiltrating indoors because air-conditioned homes usually have lower air exchange
rates than homes that use open windows for ventilation.  However, some air conditioners have both
“outdoor air” and “re-circulate” settings; these air-conditioners need to be set on “re-circulate”.  If
possible, one should replace the air-conditioner filter with a pleated medium efficiency filter.  However,
caution must be taken to assure that the system is able to handle the possible increased airflow
resistance.  Some air conditioners may also be fitted with filters. The more useful are HEPA (High
Efficiency Particulate Arrestor) filters, which can capture most of the tiny particles associated with
smoke and can further reduce the amount of outside air pollution that gets indoors.

Room air cleaners

Choosing to buy an air cleaner is a decision that ideally should be made before a
smoke emergency occurs.  During a smoke emergency, those who require such
devices should not be going outside or driving in an attempt to locate an appropriate
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device, which may be in short supply.  It is unlikely that local health officials will be able to
buy or supply air cleaners to those who might need them.

Some air cleaners can be effective at reducing indoor particle levels, provided the specific air
cleaner is adequately matched to the indoor environment in which it is placed.  However, air
cleaners tend to be expensive: they are available as either portable units designed to clean the
air in a single room ($50 - $300) or as larger central air cleaners intended to clean the whole
house ($300 - $1000+).  Most air cleaners are not effective at removing gases and odors. The
two basic types for particle removal include:

(a) Mechanical air cleaners, which contain a fiber or fabric filter.  The filters need to
be sealed tightly in their holders, and cleaned or replaced regularly.

(b) Electronic air cleaners, such as electrostatic precipitators (ESPs) and ionizers.
ESPs use a small electrical charge to collect particles from air pulled through the
device.  Ionizers, or negative ion generators, cause particles to stick to materials (such
as carpet and walls) near the device.  Electronic air cleaners usually produce small
amounts of ozone (a respiratory irritant that can damage lungs) as a byproduct.

The effectiveness of an air cleaner is usually reported in terms of efficiency, which can be
misleading, as it only tells half of the story.  The other important factor is airflow.  Together,
these two factors equal the Clean Air Delivery Rate (CADR), which is a better measure of
how a device will actually perform.  For example, 99.99 percent efficiency sounds great, but
if the air exchange rate is only 20 cubic feet per minute (cfm), one would be better off at 90
percent efficiency with 100 cfm air exchange rate (CADR: 20 vs 90 cfm).

Room air cleaner units should be sized to filter at least two or three times the room volume per
hour.  Most portable units will state on the package the unit’s airflow rate, the room size it is
suitable for, its particle removal efficiency and perhaps its CADR.  Central system air units
should handle at least 0.5 air changes per hour, the air exchange rate necessary to reasonably
ventilate a house continuously under most conditions.

High and medium efficiency media filters and electrostatic precipitators can be added to
central air conditioning systems to keep particle levels in indoor air within acceptable levels
during a prolonged smoke event.  However, these filters create greater air resistance in the air
conditioning system, and may require modifications to the system.  In addition, electronic
air-cleaners can increase indoor levels of ozone, as noted above.

Devices that remove gases and odors are relatively costly, both to purchase and maintain.
They force air through materials such as activated charcoal or alumina coated with potassium
permanganate.  However, the filtering medium can become quickly overloaded and may need
to be replaced often.
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For more information about residential air cleaners:
www.epa.gov/iaq/pubs/residair.html
http://www.arb.ca.gov/research/indoor/acdsumm.htm
www.lungusa.org/pub/cleaners/air_clean_toc.html

Ozone generators – a poor choice

Some devices, known as ozone generators, personal ozone devices, “energized oxygen”
generators, and “pure air” generators, are sold as air cleaners, but the position of public
health agencies, including the California Air Resources Board and US Environmental
Protection Agency, is that they do more harm than good.  These devices are designed to
produce ozone gas to react with pollutants in the air.  Ozone is composed of three atoms of
oxygen.  The third atom can detach from the molecule and reattach to molecules of other
substances, altering their chemical composition.  It is this ability to react with other
substances that forms the basis of the manufacturers’ claims.

Ozone, whether in its pure form or mixed with other chemicals, can be harmful to health.
When inhaled, ozone can damage the lungs.  Relatively low amounts of ozone can irritate the
airways, cause coughing, chest pain and tightness, and shortness of breath.  It can also
worsen chronic respiratory diseases such as asthma, as well as compromise the body’s ability
to fight respiratory infections.  As a result, using an ozone generator during a smoke event
may actually increase the adverse health effects from the smoke. In addition, ozone does not
remove particles from the air, and would therefore not be effective during smoke events.
(Some ozone generators include an ion generator to remove particles, but it would be far
safer to buy the ionizer by itself.)

For more information about ozone generators marketed as air cleaners:
www.epa.gov/iaq/pubs/ozonegen.html
http://www.dhs.ca.gov/ps/dcdc/cm/pdf/cm9803pp.pdf.

Humidifiers

Humidifiers are not air cleaners, and will not significantly reduce the amount of particles in
the air during a smoke event.  Nor will they remove gases like carbon monoxide.  However,
humidifiers and dehumidifiers (depending on the environment) may slightly reduce
pollutants through condensation, absorption and other mechanisms.  In an arid environment,
one possible benefit of running a humidifier during a smoke event might be to help the
mucus membranes remain comfortably moist, which may reduce eye and airway irritation.
However, the usefulness of humidification during a smoke event has not been studied.
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Inside vehicles

Individuals can reduce the amount of smoke in
their vehicles by keeping the windows and vents
closed.  However, in hot weather a car’s interior
can heat up very quickly to temperatures that far
exceed those outdoors, and heat-related stress can
result.  Children and pets should never be left
unattended in a vehicle with the windows closed.
The car’s ventilation system typically removes a
small portion of the particles coming in from
outside.  Most vehicles can re-circulate the inside
air, which will help keep the particle levels lower.
Drivers should check the owner’s manual and
assure that the system is set correctly to minimize
entry of outdoor smoke and particles.

Masks

In general, wearing a mask is not an effective
exposure reduction strategy during a smoke event.
In order for a mask to provide protection, it must
be able to filter very small particles (around 0.3 to 0.1 micrometer) and it must fit well,
providing an airtight seal around the wearer’s mouth and nose.  Commonly available paper
dust masks, which are designed to filter out larger particles, such as sawdust created by
sanding, typically offer little protection.  The same is true for bandanas (wet or dry) and
tissues held over the mouth and nose. Surgical masks that trap smaller particles are also
available, but these masks are designed to filter air coming out of the wearer’s mouth, and do
not provide a good seal to prevent inhalation of small particles or combustion gases.  As a
result, these tend to be no better than dust masks.  In fact, masks may actually be detrimental,
giving the wearers a false sense of security, which may encourage increased physical activity
and time spent outdoors, resulting in increased exposures.

There are several additional drawbacks to recommending widespread mask use in an area
affected by wildfire smoke.  Most people won’t use the masks correctly and won’t
understand the importance of having an airtight seal.  For instance, it is impossible to get a
good seal on individuals with beards or mustaches.  In addition, such masks aren’t designed
for use by the general public (including children).  As a result, masks will provide little, if
any, protection.

Masks are uncomfortable (they are more comfortable when they are leaky – but then they do
not provide protection).  They increase resistance to airflow.  This may make breathing more
difficult and lead to physiological stress, such as increased respiratory and heart rates.  Masks
can also contribute to heat stress.  Because of this, mask use by those with cardiac and
respiratory diseases can be dangerous, and should only be done under a doctor’s supervision.
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Even healthy adults may find that the increased effort required for breathing makes it
uncomfortable to wear a mask for more than short periods of time.  Breathing resistance
increases with respirator efficiency.  A final problem with masks readily available to the
public is that they do not filter out harmful irritant gases, such as acrolein or formaldehyde,
or other toxic gases, such as carbon monoxide.

There are, however, some situations in which mask use can be beneficial.  For outdoor
workers, or others who will be outside regardless of the smoke, properly fitted masks can
afford some protection.  In cases where people are generally staying indoors, wearing a mask
to go outside briefly might be useful.  Masks can also be used in conjunction with other
methods of exposure reduction, including staying indoors, reducing activity, and using HEPA
air cleaners to reduce overall smoke exposure.

Some masks (technically called respirators, but they look more like paper masks) are good
enough to filter out 95 percent of the particulate matter that is 0.3 micrometers and larger.
Smoke particulate matter averages about 0.3 micrometers in diameter, so these masks can
filter out a significant portion of the smoke if they are properly fit to the wearer’s face.
These masks, which may include an exhalation valve, do not require cartridge filters.  They
are marked with one of the following: “R95”, “N95” or “P95.”  These are typically sold at
home improvement stores, and tend to be more expensive than ordinary dust masks. Soft
masks with higher ratings (R, N or P99 and R, N, or P100) are also available and will filter
out even more particles.  As with masks, if a respirator does not provide a tight seal, it will
not be effective (see preceding discussion).

Respirators with purple HEPA filters offer the highest protection, but may be less
comfortable and slightly more expensive than the flexible masks.  Individuals who wish
additional protection may purchase tight-fitting respirators that require cartridge filters.
Respirator cartridges can be obtained that have a combination N95 or N99 filter with organic
vapor backup. This combination can help reduce exposure to some gases, such as benzene
and irritant aldehydes, as well as particles.  Again, unless there is an airtight seal over the
wearer’s mouth and nose, such respirators will provide little protection.

Cleaner Air Shelters

Public health officials in areas at risk from forest fires should identify and evaluate cleaner
air shelters prior to the fire season. Guidance for identifying and setting up a Cleaner Air
Shelter is provided in Appendix A.  During severe smoke events, cleaner air shelters can be
designated to provide residents with a place to get out of the smoke.  Staying inside may not
adequately protect sensitive individuals, however, since many houses and apartments do not
have air conditioning, and depend on open windows and doors for cooling.  Other homes
may be so leaky that indoor pollution levels will quickly equal those outside.  Cleaner air
shelters can be located in large commercial buildings, educational facilities, shopping malls
or any place with effective air conditioning and particle filtration.
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Closures
The decision to close or curtail business activities will depend upon predicted smoke levels,
and other local conditions. One factor to consider is whether pollutant levels inside schools
and businesses are likely to be similar to or lower than those in homes.  Children’s physical
activity may also be better controlled in schools than in homes.  On the other hand, in some
school districts smoky conditions may make travel to school hazardous.  In many areas it will
not be practical to close businesses and schools, although partial closures may be beneficial.
Closures and cancellations can target specific groups (e.g., the sensitive populations
described earlier) or specific, high-risk activities, such as outdoor sporting events and
practices.  Curtailing outside activities can reduce exposures, as can encouraging people to
stay inside and restrict physical activity.  A decision to restrict industrial emissions should be
based on local air pollution and the emission characteristics of particular industries.
Curtailment may not be beneficial if eliminating industrial emissions will not markedly
reduce local air pollution.

Evacuation
The most common call for evacuation during a wildfire is due
to the direct threat of engulfment by the fire rather than by

exposure to smoke.  Leaving an area of thick smoke may be
a good protective measure for members of sensitive groups,
but it is often difficult to predict the duration, intensity and
direction of smoke, making this an unattractive option to
many people.  Even if smoky conditions are expected to
continue for weeks, it may not be feasible to evacuate a large
percentage of the affected population.  Moreover, the
process of evacuation can entail serious risks, particularly if
poor visibility makes driving hazardous.  In these situations,
the risks posed by driving with reduced visibility need to be
weighed against the potential benefits of evacuation.
Therefore, in areas where fires are likely to occur, public
health officials are encouraged to develop plans for local

    protection of sensitive groups.
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Characteristics of wildfire smoke
The behavior of smoke depends on many factors, including the fire’s size and location, the
topography of the area and the weather.  Inversions are common in mountainous terrain.
Smoke often fills the valleys, where people usually live.  Smoke levels are unpredictable: a
wind that usually clears out a valley may simply blow more smoke in, or may fan the fires,
causing a worse episode the next day.  Smoke concentrations change constantly. By the time
public health officials can issue a warning or smoke advisory, the smoke may already have
cleared.  National Weather Service satellite photos, weather and wind forecasts, and
knowledge of the area can all help in predicting how much smoke will come into an area, but
predictions are rarely accurate for more than a few hours.  The National Weather Service’s
Web site has a lot of information, including satellite photos that are updated throughout the
day.  For the western United States, the Web address is www.wrh.noaa.gov.

Page 556 of 644



20

Estimating particulate matter levels
Particulate matter levels are measured as micrograms (µg) of particles per cubic meter of air.
Most particle monitoring devices measure particulate matter with a median diameter of 10
micrometers or less (PM10).  An increasing number of monitors now measure smaller particles,
also known as fine particles, which have median diameters of 2.5 micrometers or less (PM2.5).
In wildfire smoke, most particles are less than one micrometer, so the values obtained by
measuring either PM10 or PM2.5 are virtually interchangeable, and are treated as such in this
document.

Communities with established air quality programs may issue public alerts based on predicted
24-hour average concentrations of particulate matter.  Smoke emergencies need to be handled
differently, however, as smoke concentrations generally tend to be very high for only a few
hours at a time. These short-term peaks may cause some of the most deleterious health effects.

Another factor is public perception.  Since smoke is so effective at scattering light, visibility
changes drastically as smoke concentrations increase.  Even without being told, the public can
tell when the smoke is getting worse, and they want authorities to respond to changes as they
are happening.

Many communities don’t have continuous PM monitoring, and therefore need to estimate
particle levels.  Continuous PM monitors give an instant reading of particulate matter
concentrations.  However, visibility can sometimes serve as a good surrogate.  Even in areas
with monitors, this index can be useful, since smoke levels change constantly and can vary
dramatically even between monitors that are near one another. A visibility index gives members
of the public a quick way to assess smoke levels for themselves.

Table 1: Estimating particulate matter concentrations from visibility assessment

 Categories  Visibility in Miles  Particulate matter levels*
 (1-hour average, µg/m3)

 Good  10 miles and up  0 - 40
 Moderate  6 to 9  41 - 80
 Unhealthy for Sensitive Groups  3 to 5  81 - 175

 Unhealthy  1 1/2 to 2 1/2  176 - 300
 Very Unhealthy  1 to 1 1/4  301 - 500
 Hazardous  3/4 mile or less  over 500

*In wildfire smoke, most particles are less than one micrometer, so the values obtained by measuring either PM10  or
PM2.5 are virtually interchangeable, and are treated as such in this document.  Therefore, in the table above, the different
particle levels can be measured using either PM10 or PM2.5 monitors.
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Making personal observations to
determine smoke concentrations

• Face away from the sun.
• Determine the limit of your visibility range by looking for targets at known distances (miles).

The visible range is the point at which even high-contrast objects (e.g., a dark forested mountain
viewed against the sky at noon) totally disappear.

• After determining visibility in miles, use Tables 2 and 3 to identify potential health effects and
appropriate cautionary statements.

At times, the visibility index may be hard to use, especially if specific landmarks at known distances are
not available for judging distances, or at dawn or dusk.  Furthermore, the above visibility categories for
PM levels only apply in dry air conditions.  For a given PM level, visibility decreases substantially at
relative humidity above 65%, this method of estimation should not be used.  In such cases, individuals
may have to rely on common sense in assessing smoke conditions (e.g., mild, moderate, heavy smoke)
and the kinds of protective actions that might be necessary.  At night or during periods when visibility
cannot be used to estimate smoke levels, intense smoky odor may be used to indicate potentially harmful
levels.

Additional information on estimating pollutant exposures from smoke can be obtained at
http://www.fs.fed.us/pnw/pubs.htm, which contains an online version of “Smoke Exposures at Western
Wildfires” (PNW-RP-525, July 2000).  This link contains a series of photographs relating smoke levels
near wildfires with measuring exposures to respirable particles, carbon monoxide, and formaldehyde.

Summary of Strategies for Exposure
Reduction
When wildfires are expected to create smoky conditions, people can pursue a number of
strategies to reduce their exposure.  Those with moderate to severe heart or respiratory
disease might consider staying with relatives or friends who live away from the smoke during
the fires. If smoke is already present in substantial quantities, such individuals may want to
evaluate whether evacuation might actually cause greater exposure than staying at home
using other precautions described above.

All people in a smoky area (except firefighters or emergency personnel) should avoid
strenuous work or exercise outdoors.  They should avoid driving whenever possible.  If
driving is necessary, people should run the air conditioner on the “recycle” or re-circulate
mode to avoid drawing smoky air into the car.
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Closing up a building by shutting windows and doors can give some protection from smoke.
If the building has air conditioning, its controls should be set in the “recycle” mode, if
possible, to prevent smoke-laden air from being drawn into the building.

Once people have closed up the building in which they live or work, they should avoid
strenuous activity, which can make them breathe harder and faster.  They should drink plenty
of fluids to keep their respiratory membranes moist.  They may even want to breathe through
a moistened washcloth, as long as it does not interfere with their ability to breathe.  Dust
masks generally do not capture very fine particles and may make it more difficult to breathe,
especially for people with chronic lung diseases such as chronic bronchitis or emphysema.

In preparation for the fire season or a smoke event, it is a good idea to have enough food on
hand to last several days, so that driving can be minimized.  It is also important to have at
least a five-day supply of medication for the same reason.  Foods stored for use during the
fire season should not require cooking, since cooking can add particles to indoor air.
Vacuuming should also be avoided, since most vacuum cleaners disperse very fine dust into
the air.

If smoke levels increase to very unhealthy or hazardous levels, it may be appropriate for
some individuals to stay in a clean room in the home, relocate temporarily to a cleaner air
shelter, or to leave the area entirely if it is safe to do so.
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Resources/ Links
Montana Department of Environmental Quality:
http://www.deq.state.mt.us/FireUpdates/index.asp
EPA/University of Washington Fire, Smoke and Health Website:
http://www.firesmokehealth.org/
National Fire Weather:  http://www.boi.noaa.gov/firewx.htm
National Weather Service:  http://www.wrh.noaa.gov/
National Wildland Fire Information:  http://www.nifc.gov/information.html
Forest Service Wildland Fire Morning Report:  http://www.fs.fed.us/news/fire/
Current Map of Large Fires:  http://www.nifc.gov/fireinfo/firemap.html
Satellite Images of Fires:  http://www.osei.noaa.gov/Events/Fires
U.S. Environmental Health Protection Agency Air Quality Website:
http://www.epa.gov/airnow/publications.html
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Appendix A

Identification of Cleaner Air Shelters for protection from wildfire smoke:

1. Identify one or more facilities with tight-sealing windows and doors and public access (for

example, public schools, fire stations, or hospitals). As a rule of thumb, newer buildings will

generally be more desirable than older ones.

2. Facilities with a ventilation system able to significantly reduce, or even eliminate, intake of

outdoor air are desirable.  If possible, reduce the intake of outdoor air by the ventilation

system when the building is used as a Cleaner Air Facility.  Open the damper and flush the

building when the air is clear.

3. At a minimum, a Cleaner Air Shelter should have a central air filtration system that is at least

medium or high-efficiency.  If needed, filters should be upgraded prior to the fire season,

after assuring that the system can handle the increased airflow resistance.

4. Install/inspect a room air cleaner or preferably a central air cleaner with sufficient capability,

i.e., a Clean Air Delivery Rate (CADR) that is twice the room volume for room units, or

ASHRAE filter efficiency greater than 80% for central air cleaners.*  Ensure proper

maintenance of air cleaners, keep spare filters on hand, and provide instructions on changing

the filter to trained personnel.

5. Assure that the facility can handle the increased cooling load due to high occupancy.

6. Install a properly calibrated carbon monoxide (CO) alarm that has a digital display and

battery backup function (available at most hardware stores).

7. Provide a radio for updates on fire status and access to a telephone in case of emergency.

* American Society of Heating, Refrigeration, and Air-conditioning Engineers (ASHRAE) Standard 52.1-1992.
“Gravimetric and Dust-Spot Procedures for Testing Air-Cleaning Devices Used in General Ventilation for
Removing Particulate Matter”.
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Appendix B

News Release
For Immediate Release: July 19, 2001 (01-75)

Contacts: Denise LaFlamme, Environmental Health Assessment 360-236-3174
Kate Lynch, Communications Office 360-236-4078
Lori Albert, Okanogan Health Department 509-422-7156

Smoke from forest fires can create problems for asthmatics,
others with chronic diseases

OLYMPIA  An early forest fire season and predictions for a drier-than-normal summer can

mean trouble for asthmatics and others with chronic lung or heart diseases. Forest fires present

health risks for everyone, especially people with lung or heart diseases, whose health can be

seriously affected by smoke.

The Okanogan County Health District, where the Thirtymile Fire still continues to burn, has been

monitoring smoke in the county, and issued a health warning last week. “We found that air

pollution levels from the fire changed radically within hours, depending on weather conditions,”

said Lori Albert, a health administrator for Okanogan County. “We have been urging residents

who have respiratory or heart conditions to take precautions when smoke is present.” She added

that “so far, remarkably, we have experienced few problems related to smoke in populated areas

because of the direction of the wind.”

The Department of Health reminds people with asthma to develop an asthma management plan

with their physicians.  An asthma management plan involves tracking symptoms to determine

when to use additional medications or seek further medical treatment. National Institutes of

Health has comprehensive information on managing asthma on their Web site:

http://www.nhlbi.nih.gov/health/public/lung/index.htm Those with other lung diseases or

infections should contact their physicians to learn how to avoid serious complications that may

result from forest fires.
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Often people who have not been previously diagnosed with lung or heart disease may begin

having problems in smoky conditions. Symptoms of potential lung and/or heart problems include

chest tightness, chest pain, shortness of breath, or sudden, overwhelming fatigue.

Be prepared: People with asthma, bronchitis, emphysema, and other lung diseases should make

sure they are on medication and have at least a five-day supply on hand at all times through fire

season. Talk to your doctor about an asthma management plan and stick to it during unusually

smoky conditions. Listen for radio and television messages about fires in your area. Keep a

supply of non-perishable groceries on hand, especially foods that do not require cooking. In the

event of a wildfire, stay indoors and limit your activity. Check for a “recirculation” function on

your furnace or air conditioner. If smoke is present, it will be easier to breathe indoors if air is

recirculating instead of drawing smoky air from outdoors.

What to do if there is smoke present:

• Stay inside with windows and doors shut.
• Use the recycle or re-circulate mode on the air conditioner in your home or car.
• Avoid cooking and vacuuming, which can increase pollutants indoors.
• Avoid physical exertion.
• Asthmatics should follow their asthma management plan.
• Keep at least a five-day supply of medication on hand.
• Contact your doctor if you have symptoms such as chest pain, chest tightness,

shortness of breath, or severe fatigue. This is important for not only for people with
chronic lung or heart disease, but also for individuals who have not been previously
diagnosed with such illnesses. Smoke can “unmask” or produce symptoms of such
diseases.

• Keep airways moist by drinking lots of water. Breathing through a warm, wet
washcloth can also help relieve dryness.

• A fitted mask (OSHA N95) can be used to reduce smoke exposure unless it
interferes with breathing. A dust mask is generally ineffective with smoke.

###
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Introduction 
Fire was a natural ecological factor on most Texas rangelands before 

European settlement, therefore, native vegetation is well adapted to burning.  
Fire effectively suppresses most woody plants while encouraging grass and 
forb growth.  However, sound range, livestock and wildlife management 
must accompany the use of fire if benefits are to be realized. 
 Prescribed range burning follows guidelines that establish the 
conditions and manner under which fire will be applied on a specific area to 
accomplish specific management and ecological objectives.  This contrasts 
with wildfires that can occur any time fuels will burn, often under extremely 
hazardous conditions.  The conditions selected for a prescribed burn 
(season, vegetational growth stage and weather factors) must be conducive 
to safe and effective burning.  Management objectives determine the fire 
characteristics needed to maximize benefits, minimize damage and conduct 
a safe burn.   
 The most commonly recognized management objectives that can be 
accomplished by using prescribed fire include: 

• Improved pasture accessibility 
• Increased production of forage and browse 
• Suppression of most brush and cacti species 
• Control of selected forbs and/or grass species 
• Improved herbaceous composition 
• Improved grazing distribution of livestock and wildlife  
• Increased available forage and browse 

• Improved forage quality and/or palatability 

• Increased animal production 

• Removal of excessive mulch and debris 

• Control of certain parasites and pests 

• Improved nutrient cycling 
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 Each management objective requires a particular set of conditions for 
burning and a specific type of fire to achieve the desired response.  
Therefore, carefully evaluate objectives before a fire plan is developed. 
 
Different Fires – Different Responses 
 Plant response after a fire is influenced by the intensity of the fire, 
condition of plants at the time of the burn and weather conditions and 
grazing management decisions following the fire.  However, fire effects 
differ depending on rainfall, fuel quantity and length of growing season 
(figure 1). 

 
 Several factors that determine a fire’s intensity are fuel quantity and 
continuity, air temperature, humidity, wind speed, soil moisture and 
direction of the flame front movement relative to the wind.  Generally, the 
intensity of a fire increases with greater quantity and continuity of fuel, 
higher temperature and wind speed and lower humidity and soil moisture.  
A fire set to move in the same direction as the wind (headfire) tends to be 
more intense than a flame moving against the wind (backfire).  Controlling 
the fire’s intensity through correct firing techniques under appropriate 
conditions is a key factor in achieving the desired responses from a 
prescribed burn. 
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 An equally important factor to consider when planning a burn to 
accomplish specific objectives is the stage and type of growth of desirable 
and target species.  For example, the growth stage of forbs at the time of the 
burn greatly affects the current and following year’s production.  Forbs are 
prolific seed producers, but an untimely fire can destroy forb reproduction 
and wildlife food.  Forb seedlings are highly susceptible to fire; therefore, a 
late winter burn after any annuals have germinated reduces their population.  
Burns conducted during early to mid-winter with good soil moisture results 
in late winter annuals and allows rapid recovery of perennials. 

Non-sprouting shrubs are easily killed by fires even though the 
foliage is not consumed  (for example, Ashe juniper).  Most shrubs sprout 
from a bud zone at or below the soil surface.  These plants are difficult to 
kill after the seedling stage.  However, top kill is often achievable and 
greatly reduces competition with perennial grasses and forbs for several 
years.  Because of the extensive root system on mature brush plants, sprouts 
often grow rapidly and produce canopies similar to pre-burn conditions in 3 
to 5 years depending on species. 
 Perennial grasses are better adapted to burning than woody plants and 
forbs because of differences in location of growing points.  For most grasses 
(during dormancy), the growing points are located near or below the soil 
surface.  Annual grasses may be killed by fire after they germinate but may 
be promoted if burning occurs before germination.  Fires that consume 
annual grasses before seeds drop greatly reduces next year’s seedling 
production and affects food supplies for some wildlife, such as quail. 
 The differences in growth cycles between warm and cool season 
grasses allows timing a burn to enhance one class over the other.  Early 
greenup grasses, such as threeawn, can be harmed by an early spring burn 
with little damage to deep-rooted perennial grasses.  However, cool and wet 
soil conditions can reduce heat penetration to the sprout zone of shrubs 
resulting in less damage.  Usually, late winter burns improve forage quality, 
provide rapid grass recovery for earlier grazing, control winter annuals and 
reduce shrub competition by top removal and seedling kill. 
 Winter dormant plants recover faster than drought-stressed plants 
burned during the spring, summer, or fall.  Also, summer fires are extremely 
hot and more damaging to vegetation than winter burns.  The vegetation is 
drought stressed and highly flammable at this time of year.  High soil 
temperatures and low humidity combined with flammable fuels contribute 
to summer burn intensity.  Use summer burns only after careful evaluation 
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and planning.  If the burned area remains bare for long periods, the potential 
for soil erosion is greatly increased. 
 In summary, much of the prescribed range burning involves the 
correct combination of firing techniques, seasonal timing and appropriate 
weather and range conditions on the day of the burn. 
 However, these are not the only factors that influence plant response 
after a burn.  Precipitation amounts and season received have a significant 
effect on range recovery following a burn.  Grazing management practices 
are also important in affecting the recovery rate and level of recovery. 

Principles for Using Prescribed Fire 
 
 A successful burning program involves three basic steps:  (1) 
thorough planning which includes total ranch evaluation, pasture selection, 
management goals, training for conducting a safe burn and preparations for 
the burn; (2) safe and effective execution of the burn on the specified 
area(s); and (3) sound range, livestock and wildlife management before, 
during and after the burn(s). 
 
The Fire Plan 
 The fire plan identifies the recommended guidelines, procedures, 
preparations and resources needed for conducting a burn.  The plan should 
describe ignition procedures, location of control crews and location of 
firelines.  Have a contingency plan for control if the fire should escape.  
Discuss this with your volunteer fire chief in advance of the burn.  
Volunteer fire departments should be notified of the burn date(s) and burn 
plan.  Regulations for prescribed burning are controlled by the Texas Air 
Control Board.  Obtain and follow current regulations. 
 Several points to remember in planning a burn are: 

• Preburn grazing management (including wildlife population 
control) is necessary to allow adequate fuel build-up and 
improved desirable plant vigor. 

• Prescribed burns require adequate preparation, equipment, 
and experienced personnel. 

• Fire plans and prescriptions are only guidelines. 
• Fire behavior must be predictable for effective containment. 
• Fire intensity is determined by weather, fuel conditions and 

type of fire. 
• The greater the intensity of the fire, the greater the risk of 

escape. 
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• Fire primarily topkills perennial plants. 
• Vegetation recovery rate is dependent on species, their 

vigor, fire temperature, weather conditions, and 
management before and after the burn. 

• Postburn management of livestock and wildlife is critical to 
recovery and improvement of desirable plant species. 

• Repeated fires are usually necessary to meet objectives. 
 
Prescribed fire can be used alone or in combination with other 
range improvement practices (table 1).  If sufficient grass fuel 
cannot be produced, use more intensive practices combined 
with proper grazing management to promote range 
improvement.  Using fire in combination with other practices 
often extends longevity and improves the economic rate of 
return. 
 

Table 1:  Relationship between range condition and optimum use of brush 
management practices. 
Range Condition                                Percent of Potential                     Brush Management Practice 
      Excellent                                                 100                                    Prescribed burn 
     to                                      Individual plant treatment 
                  75                                     Biological control---------------- 
_____________________________________________________________________________________ 
          Good                                                    74                                     Roller chop 
                                                                        to                                     Individual plant treatment 
                                                                        50                                    Prescribed burn 
                                                                                                   Biological control 
           Fair                                                      49                                     Roller chop and burn 
                                                                        to                                     Shred and burn 
                                                                        25                                    Chain and burn 
                                                                                                                Broadcast herbicide 
                                                                                                                Broadcast herbicide & burn 
                                                                                                                Biological control 
           Poor                                                      24                                    Root plow and seed 
                                                                         to                                    Disk seed 
                                                                          0                                    Tandem roller chop, seed & burn 
_____________________________________________________________________________________ 

 
Executing the Burn 
 Consider the day of the burn as judgment day.  The first priority is to 
insure that preparations are complete and check local weather forecasts.  
The National Weather Service can provide an estimate of conditions during 
and following the burn.  Also measurement of on-site wind speed, wind 
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direction, air temperature and relative humidity are recommended before 
and during the burn for timely adjustments in procedures. 
 Only one person (the fire boss) should be in charge of the burn.  
Identify who the fire boss is to prevent false alarms and unnecessary 
expense to the fire departments.  This person must decide whether to burn 
and constantly re-evaluate fire behavior, ignition and control during the fire.  
Even after years of experience, there is always a need for concern and 
constant alertness.  No prescription can be followed to the letter but must be 
adapted each moment before and during the burning.  Before beginning the 
burn give final notification to volunteer fire departments, sheriff’s 
departments and neighbors.  This cannot be overemphasized. 
 Use small test fires to evaluate fire behavior each time conditions 
change and adjust the plan as needed.  The test fire allows better evaluation 
of existing conditions and potential outcome of the larger burn before a 
commitment is made.  Changes may be necessary to maintain control or to 
alter intensity of the fire to accomplish specific management objectives.  
Once the fuel is burned, the opportunity for that season is gone. 
 Ignition crews must be constantly aware of fire behavior.  The 
potential for escape is greatest during ignition if current factors are not fully 
appreciated.  Make adjustments immediately for any changes in wind 
direction, velocity, fuel flammability and relative humidity.  
  The person igniting the fire must be careful never to allow a heat 
build-up that can escape.  Do not get in a hurry; allow the fire to do its job.  
Flame heights become dangerous when they reach more than halfway across 
the fireline.  Avoid conditions that carry ignited leaves and ash outside the 
burn area. 
 Maintain two-way communication between all personnel.  Accurate 
and rapid communication allows proper decisions and immediate area. 
 Keep sprayers, along with an accessible water source, readily 
available for controlling small fires.  The need for other equipment such as a 
dozer, chain saws, handtools and graders will depend on conditions.  
Everyone on the fire should understand their responsibilities and the burn 
plan.  Only the fire boss should direct the actions on the burn, including 
control of any escaped fires. 

 
Predicting Fire Behavior 

  Weather conditions and firing techniques significantly influence fire 
behavior.  The variables most affecting fire behavior are topography, fuels, 
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weather, and firing techniques.  These factors may be counteractive, 
additive, or dominant. 
 
Topography 
 Topography affects wind behavior and heat build-up which in turn 
affects flame front movement over the area.  Prediction of wind patterns is 
necessary so that prefire control measures are taken and appropriate firing 
procedures are used.  A fire moves faster upslope and slower downslope 
when compared to level terrain.  Wind is channeled up canyons with 
increasing speed.  In addition, wind in valleys and on slopes moves upward 
during the day because of surface heating and downward at night because of 
surface cooling unless prevailing winds are strong enough to overcome 
local conditions.  Eddy currents over the crest of a hill and around objects 
create different fire intensities, rates of spread and direction of fire front 
movement.  Sometimes these conditions create fire whirlwinds that can 
carry sparks, burning debris or flames across a normally safe fireline.  
Firewhirls are small, tornadic winds, like a dust-devil, created from intense 
hot spots and rapid rising air at a concentration point. 
 
Fuel 
 Fuel moisture content directly affects ignition and flammability.  
Green, living tissue is more difficult to ignite than dead material, which 
ordinarily promotes the spread of fire.  Temperature, humidity, wind, 
precipitation and dew, season, time of day, topographic location and 
microclimate determine fuel moisture.  Completely dried grass crackles and 
breaks easily into pieces when crushed in the hand, while dry twigs snap.  In 
general, grass fuels are relatively safe to burn, whereas plants with high oil 
content are explosive and can create serious firebrand problems. 
 Moisture content of dead grass, leaves and small branches changes 
quickly with atmospheric moisture, hence they are considered fast burning 
fuels.  Logs, stumps, and large branches, by contrast, take up moisture more 
slowly.  Longer periods of atmospheric drying (several days) are required 
for prescribed burns to consume logs.  Once these fuels have been ignited 
they may burn for several days.  Do not concentrate these fuels near 
firelines. 
 The quantity of fuel that burns determines the amount of heat 
developed during a fire.  Generally, 1,500 to 2,000 pounds of grass per acre 
are required for an effective broadcast burn.  The heat generated affects fire 
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characteristics and results.  A good grazing management program allows for 
development of necessary fuel, especially in above average rainfall years. 

 
Weather 
 Weather conditions before, during and after the burn have a major 
influence on fuels, conditions, procedures and recovery.  Predicting wind 
speed and direction is necessary so that the fire burns in a predetermined 
manner.  Wind movement can be predicted if burning is conducted with a 
knowledge of weather systems and the effect of high and low pressure cells.  
Winds associated with frontal weather systems will shift in a clockwise 
direction as the front approaches and passes over (figure 2).  Wind direction 
changes quickly as a front moves through an area.  The wind in South Texas 
will be from the southeast shifting to the southwest as a front approaches.  
In North and West Texas, winds are usually from the southwest shifting to 
the west.  Wind speed increases and is often gusty and turbulent just before 
the front passes.  After passage of the front, the wind direction is usually 
from the north and may be unstable for some time.  After a day or two, the 
winds will be from the northeast or east.  The shape of the front and rate of 
movement are important.  Generally, movement of fronts during the winter 
causes constantly changing conditions in Texas. 
 
 Wind speed greatly affects the flame height, rate of spread and uplift 
of embers and burning material.  Speed must be sufficient to carry fire easily 
through the fuels but not high enough to cause the fire to jump the 
downwind firelines.  Wind speed should be between 5 and 15 miles per hour 
for effective burning. 
 Low wind movement is dangerous because of possible whirlwind 
development and unpredictable direction of spread.  High wind speeds may 
reduce fuel consumption and increase chances of escape.  Wind direction 
must be consistent throughout the burn to avoid unpredicted fire behavior.  
Usually, large fires create their own wind around the convection column of 
smoke, heat and flame front.  Two fires moving toward each other can 
create an intense hot spot or firewhirl. 
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 The height and density of plants affect wind velocity.  Unless 
sufficient fuel occurs within a brush stand, wind velocities may be 
insufficient to move flames properly and damage the brush.  Also fuel 

should be uniformly 
distributed and in 
sufficient quantity to 
carry the fire under the 
canopy of a shrub or tree 
to generate the necessary 
heat to kill plant tissue.  
Mechanically cleared 
firelines and roads in 
brush or trees create 
openings that produce 
unusual wind movements. 
 Relative humidity 
affects fuel moisture, fire 
intensity and rate of 
spread.  The lower the 
relative humidity, the 

hotter the fire and the greater the risk.  Fine fuels such as grass, burn with 
the same intensity when relative humidity is between 25 to 45 percent.  
Cooler fires result when the relative humidity is 45 to 60 percent.  Less 
uniform and intense fires occur when relative humidities are above 60 
percent.  Do not attempt to burn when relative humidities are below 20 
percent. 
 Day to night changes in air temperature and relative humidity create 
different fire behavior potentials.  Fires of different intensities can be 
executed by selecting different times of day or night and different weather 
conditions.  The density of a brush stand and the amount of shade created by 
the vegetation affects the relative humidity near the soil surface.  Except 
under extremely dry conditions, brush stands burn slower and less intensely 
than open grassland areas. 

 
Firing Techniques 
 Proper ignition procedures are needed to effectively contain a fire and 
accomplish management objectives.  Ignition procedures greatly influence 
fire behavior and spread.  Fires either move in the same direction as wind 
(headfire), in an opposite direction of wind (backfire) to at a right angle to 
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the wind (flankfire) (Figure 3).  The headfire is the most intense because of 
its faster rate of spread, wider burning zone and greater flame heights.  The 
flankfire is of intermediate intensity. 
 

 

 Backfires require higher fuel quantities and a more continuous fuel 
distribution than headfires.  Since backfires move slower and have a less 
intense flame front, they are easier to control.  Also, in heavy fuels, a 
backfire may consume more fuel and provide greater plant basal damage to 
brush than fast moving headfires by keeping heat closer to the soil surface.  
Set backfires as close to the fireline as possible to prevent high flames and 
embers from crossing the fireline. 
 Headfires are effective at top killing shrubs and trees with intense 
heat several feet above the soil surface.  Headfires burn under a wider range 
of weather and fuel conditions than backfires but are more dangerous.  
Headfires may be required to burn large acreages in a reasonable amount of 
time.  However, a series of firelines across a pasture can be used to set a 
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number of backfires in a short period.  Costs of fireline construction are 
higher. 
 A combination of the head and backfiring technique is the stripfire.  
This is simply a line of fire set within the pasture at right angles to the wind 
direction.  The result is a headfire across the strip and backing fire into the 
wind.  This technique is used to speed up the widening of firelines.  The 
ignition crew should regulate the width of the strip so that the flame front 
does not leap the fireline or burned out area.  Changes in fuel quantity and 
continuity require appropriate changes in width of the strip fired area.  
 Once a headfire moves 50 to 100 feet, its major flame front 
characteristics have developed.  A 50 to 100 foot wide stripfire can be set to 
confirm the necessary width of the fireline before setting the major headfire.  
Properly station all control crews for this test burn.  Do not set a second 
stripfire or the headfire until the flame-front from the strip has calmed. 
 Backfiring from a fireline, followed by headfiring, has been 
successfully used throughout Texas (figures 4 and 5).  The backfire plus 
stripfiring is used to sufficiently widen the downwind fireline before the 
headfire is ignited.  This allows flexibility in wind direction and potentially 
more suitable burn days during a season than when a plan requires a specific 
wind direction.  Also, adjustments in firing can compensate for shifts in 
wind direction.  Observing backfires and stripfires improves judgment on 
fireline width, potential escape conditions and flammability before setting 
the headfire. 
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Fire Containment Practices  
 Containing a fire to the specified area requires use of natural or man-
made breaks in fuel continuity and burning under conditions that minimize 
chances of escape.  Improperly set fires could escape across any fireline.  
Exercise constant vigilance by personnel throughout all burns.  The key to 
containment is immediate response to any potential escape. 
 Usually, firelines are constructed using mechanical equipment to 
expose the mineral soil or by applying fire retardant compounds or water on 
the fuel.  Always plow firelines away from the area to be burned to prevent 
burying fuel that can smoulder and create sparks for long periods.  Usually a 
fireline 1 to 2 blades wide is adequate, depending on conditions and firing 
techniques. 
 Generally, adapt the firing procedure to the kind of firelines and 
natural barriers available.  Use a 1 or 2 foot retardant fireline if care is taken 
to backfire precisely along the chemical line and not promote flames that 
can reach flammable fuels.  Thus, fire is used under carefully controlled 
conditions to widen and create a sufficient fireline.  Disking is satisfactory if 
mineral soil is well exposed and flammable fuel is eliminated in the disk 
strip.  Often disking does not adequately destroy the fuel continuity, and use 
of hand tools or retardants is required to prevent fire from skipping through 
patches of fuel.  Also, disking may reduce accessibility from trucks and 
sprayers to move quickly along the fireline. 
 Drip torches (using a diesel-gasoline mixture) are recommended to set 
uniform, narrow fires without considerable resetting.  Burning tires, pear 
burners and matches are less reliable and create a wider initial flame front.  
Erratically set fires result in stringers of fire proceeding at different rates 
drawing each other and creating erratic behavior. 
 Use special care when burning volatile fuels to prevent embers from 
crossing firelines.  For example, burn juniper poles within 500 feet of the 
perimeter during the growing season or under high moisture conditions 
when the surrounding grass is not flammable (figure 6).  Use this same 
practice for any brush pile or concentration of dead fuel that poses a threat 
to containment.  Hot fires under piles will destroy existing vegetation, 
especially if burned during the growing season.  Hand seeding in the ash 
may be a valuable practice for more rapid recovery. 
 

Page 577 of 644



 

 

 
 

SAFETY IS THE KEY 
 If it cannot be done safely, do not burn.  Escaped fires can damage 
property, life, equipment, animals and vegetation that negate the beneficial 
effects achieved with the planned burn. 
 The fire boss is responsible for executing the burn safely and 
effectively.  Burn plans provide realistic guidelines for when, where, and 
how to conduct the burn.  However, actual burn conditions seldom perfectly 
match the desired guidelines.  Apply techniques that best match the current 
and expected conditions and use experienced personnel to provide 
leadership.  Do not wear clothing that is highly flammable or melts easily; 
cotton is recommended. 
 The landowner using prescribed fire is legally responsible.  Arrange 
for liability insurance and involve neighbors in planning and executing the 
burn(s).  Inform fire and sheriff’s departments.  Proof of planning and use of 
accepted burning practices may be invaluable in negating charges of 
negligence if a fire escapes, resulting in a lawsuit.  The Texas Air Control 
Board in Austin has specific regulations on when and under what weather 
conditions prescribed burns can be legally conducted.  Obtain a copy of the 
regulations.  It is the manager’s responsibility to have flagmen on highways 
to slow traffic if smoke obscures visibility.  Generally, fires should move 
away from highways or houses with a good uplift of smoke.  Do not burn 
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when temperature inversions can occur.  Ask your weather service if such 
conditions are likely during the burn and following night. 
 The bottom line in safety is to have a good plan executed under 
appropriate conditions with adequate equipment, personnel and 
preparations.  This includes a plan for containing any fire that escapes from 
the specified area. 
 

BURN PRESCRIPTIONS 
 Generally, the prescription for a successful burn includes wind speeds 
of 5 to 15 miles per hour, steady wind direction, air temperature 40 to 80 
degrees F., relative humidity 25 to 60 percent and uniform fuel continuity of 
1,500 pounds per acre or more.  Generally, fire intensity and rate of spread 
increase with drier fuel, lower RH and higher air temperature, wind speed 
and fuel quantity. 

 
COSTS OF PRESCRIBED BURNS 

 The cost of a prescribed burn differs for each ranch, pasture and time 
of year.  Each ranch must develop a budget and keep records of actual 
expenditures for future analysis.  In some counties cost-share assistance is 
available for fireline construction, labor, and equipment rental.  Costs range 
from 50 cents per acre to $8 to $10 per acre or more depending on fireline 
construction and manner of calculation.  Cost of follow-up should be lower, 
however. 
 

SUMMARY 
 Prescribed burning is a viable improvement practice for most Texas 
rangelands.  When integrated with other practices, fire can be used to 
maintain desired vegetation composition and structure.  Many managers are 
not able to effectively use fire until they achieve better range conditions.  
Good grazing management programs complement prescribed burning. 
 The basic principles affecting fire behavior are considered by the 
manager for developing a realistic fire plan.  The fire plan identifies the 
overall objectives for the ranch as well as for each pasture and range site to 
be burned.  Ideally, burn entire management units to avoid 
overconcentration of livestock and wildlife.  Base the stocking rate on 
actual acreage burned and adjust for recovery rate.  Control white-tailed 
deer and exotic game populations to prevent overuse of key browse and forb 
species.  
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 Burning when brush regrowth is young and when fine fuel loads are 
near maximum can more effectively maintain high production ranges.  
Brush stands require two to three burns before most objectives are realized.  
Select the better sites for burning; hence, the net return per dollar invested 
should be higher. 
 Described techniques, prescriptions and guidelines provide a basis for 
using prescribed fire.  Consider local experience when adapting 
prescriptions and plans.  Emphasize safety avoid over-optimism.  Use fire 
where benefits can realistically be achieved and integrated with the ranch 
operation.  Take advantage of high forage production years, using excess 
forage as fuel for a burn.  Careful grazing management is an important part 
of any prescribed burning program. 
 Assistance and training are available for developing your prescribed 
burn program.  Agencies currently involved are the Texas Agricultural 
Extension Service, Soil Conservation Service, Texas Forest Service and 
Texas Parks and Wildlife. 
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Prescribed Burning in the South:
Trends, Purpose, and Barriers

Terry K. Haines and Rodney L. Busby, Room T-10034, USDA Forest Service,
Southern Research Station 701 Loyola Ave., New Orleans, LA 70113, and
David A. Cleaves, USDA Forest Service, Vegetation Management and Protection
Research, Washington, DC 20090.

ABSTRACT: The results of a survey of fire management officials concerning historical and projected
prescribed burning act ivi ty  in  the South is  reported.  Prescribed burning programs on USDA Forest  Service and
private  and s tate-owned lands are described in terms of  area burned by ownership and s tate ,  intended resource
benefi ts ,  barriers to expanded burning,  and optimum burning area needed to achieve resource management
goals .  More than 4.1 mil l ion aclyr  ofpine-type forest  were burned between 1985 and 1994,  about  6.5% of the
area  in pine-type forest per year. South. J. Appl. For. 2.5(4):149-153.

Key Words: Air quality, endangered species, hazard reduction, ecosystem management, reforestation.

P rescribed  burning is a valuable silvicultural tool that has
been well accepted by professional forest managers. More
than 4.1 million ac/yr  of pine-type forest were burned be-
tween 1985 and 1994 in the South, about 6.5% of the area in
pine-type forest per year.  However,  despite i ts ecological and
protection benefits, the use of prescribed fire is increasingly
subject  to constraints  such as urban expansion,  air  quali ty and
other environmental regulations, and liability for smoke
intrusions and escaped fires (Craig 1990, Mobley 1990,
Cleaves and Haines 1997).  The objective of our study was to
assess prescribed burning programs on USDA Forest  Service
and private and state-owned lands in the South.’  Annual area
and trends in burning for two types of prescribed fire-slash
reduction(for site preparation or other postharvest manage-
ment activity) and underburning of natural fuels beneath an
existing overstory, are reported. Forest managers’ purposes
for burning, barriers to increased burning, and future levels of
burning, needed to meet forest management goals are also
assessed.

Methods
A questionnaire was mailed to the forest supervisor of

each national forest  in the South and one representative from
each of the 12 southern states’ forestry agencies asking them
to characterize their respective prescribed burning programs.
The questionnaire was reviewed by USDA Forest Service
regional fuels managers nationwide prior to distribution to
survey respondents  in  the South.

NOTE: Terry Haines can be reached at (504) 867-9164; Fax: (504) 589-6692;
E-mail: tkhforest@aol.com.  Manuscript received June 29, 2000,
accepted December 5,200O.  This article was written by U.S. Govem-
ment employees and is therefore in the public domain.

National forest questionnaires were completed by the
national forest fuels management officers. The Ouachita
National Forest responses were completed by each of the
districts in Oklahoma and Arkansas which we aggregated for
the two states response stat ist ics.  Otherwise,  the forest  super-
visors  distr ibuted the surveys based on their  forest’s  admin-
istrat ive structure.  In some cases,  forest  supervisors distr ib-
uted the surveys to districts. In others, the fuels manager
completed the questionnaires for two national forests which
are located within the same state and share the same
supervisor’s office. National forest fuels managers obtained
data from internal prescribed fire activity reports-such as
annual prescribed burning accomplishment reports, project
work plans, and regional prescribed fire activity reports;
some responses were based on personal knowledge.

State agency officials reported data for private and state-
owned land. Fuels managers’ response data were based on
permit  and landowner assistance records and personal knowl-
edge. In three states,  where data for burning on private lands
were not available from the state agencies,  telephone contacts
were made with prominent industrial and nonindustrial pri-
vate forest (NIPF) landowners to arrive at an estimate that
could be extrapolated.

Survey respondents were asked to provide estimates for
the following variables: (1) the average burned area over the
period 1985-1994 for two burn types-slash reduction and
natural  fuels underburning; (2) major intended resource ben-
efits for burning -rated on a scale of importance from 0 (no
importance) to 5 (highest importance); (3) historic trends

’ Southern states include Alabama, Arkansas, Florida, Georgia, Louisiana,
Mississippi, North Carolina, Oklahoma, SouthCarolina,  Tennessee,Texas,
and Virginia.

Reprinted from Southern Journal of Applied Forestry, Vol. 25, No. 4, November 2001. Not for further reproduction. 149
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National Forest State and Private

Area Burned Annually (1000 ac)

Figure 1. Average annual forestland area burned and ratio of
burned area to pine area by state for all ownerships, 1985-1994.

(1985-1994) and expected trends (1994-2004) in burning by
burn type; (4) barriers to expanding the use of prescribed
fire-rated by importance on a scale of importance from 0 to
5; and (5) annual area of prescribed burning needed to
achieve management goals. The response data for variables
one through four from each state was weighted by that  state’s
proportion of the total southwide burned area.

Results and Discussion

Activity Levels
Of the reported 4.1 million ac burned on average annually

in the 12 southern states,  approximately 12% was on national
forest lands and 88% on state and private lands. Prescribed
burning in four states, Alabama, Florida, Georgia, and South
Carolina, comprised 70% of the Southwide area (Figure 1).

A ratio of burned area to the area in pine-type forest was
computed for each state based on the state’s total  area in pine-
type forests*  and the total of the annual area burned as
reported by the national forests and state agency officials in
each state. The ratio ranged from 0.013 in Virginia to 0.126
in Alabama (Figure 1). Higher burn proportions occurred in
the southern Coastal  Plain states,  Alabama, Florida,  Georgia,
South Carolina, Louisiana, and Mississippi, where topogra-
phy and forest resource conditions are most conducive for
prescribed burning.

On national forest lands, underburning of natural fuels
comprised about 94% of the area burned annually; only 6%
of burning was conducted for slash reduction (Figure 2). On
private and state lands, about 72% of the area burned was for
underburning of natural fuels and 28% slash reduction.
Because clearcutting is seldom practiced on national forests
in the South and softwood harvest levels have greatly de-
creased (from 1,162,384  MBF in 1987 to 695,623 MBF in
1994’), i t  is  understandable that  the national  forests  reported
proportionally smaller slash burn areas. In addition, the
prominence of nontimber resources enhanced by fire as a
natural ecosystem process,  such as longleaf pine restorat ion
and threatened and endangered species would favor more
underburning on nat ional  forest  lands.

2 USDA Forest Service, Forest Inventory Statistical Reports for each
southern state published by the Southern Forest Experiment Station,
Asheville, NC.

3 USDA Forest Service’s annu;rl Cut and Sold Reports (internal document).

Figure 2. Percent of total area burned annually by ownership and
purpose of burn, 1985-1994.

From 1985-1994, the Forest Service burned about 12% of its
pine-type forestland annually.  On private and state lands,  only
about 6% of the pine-type area was burned each year. Further-
more, based on our state respondents’ estimates for area burned
for NIPF and industrial ownerships and the USDA Forest
Service statistics for area in pine-type forest for the two owner-
ship classes, the ratio of burned area to pine-type area was
determined. Industrial  landowners burned 2.5 t imes the rate of
NIPF owners across the South; 9% and 3.5%. respectively.J

Historical Trends in Prescribed Burning Activity
Because we did not have year-to-year data, we asked

respondents to est imate the historical  t rend for  burning over
the 10 yrperiod (1985-1994) for the two burn types-slash
reduction and natural fuels underburning; whether burning
levels had increased, decreased, or remained constant. On
national forest lands, 71% of fuels managers reported an
increased use of underburning; conversely, 66% reported a
decreasing trend in slash reduction burning (Table 1). On
private and state lands, trends for both types of burns were
fairly constant. About 66% of fuels managers reported that
natural fuels underburning was at the same level over the
survey period; 58% reported that the area for slash reduc-
tion burning had remained constant.  Differences in trends in
burning for the two ownership categories may be a result of
changes in the mix of intended purposes for burning. As

Table 1.  Historical trends in prescribed burning levels as reported
by state agencies for state and private lands, and national forest
fire managersfor national forest lands in the South, 1985-1994,
weighted by area.

Burning purpose~.-~-..-_____-....__ _____---._
Slash Natural fuels

reduction underburning_____.-
___- ___---State and State and

private National private National
forests forests forests forests

Trend_ @=12)  (n=13)  @=I21  @=13)
. . . . . . . . . . . . . . . . . . . . (“/response)*  . . . . . . . . . . . . . . . . . . . . . . . .

Increasing 25 36 1 4 7 1
Decreasing 1 7 63 20 8
No change5 8 1 66 2 1--~-____-- -~-

’ Weighted average based upon area burned.

J Excluding areas burned in Florida: state agency officials could not break
out separate statistics for state, industrial, and other private lands or
provide estimates.

150 SJAF X(4)  200 1
Page 582 of 644



Table 2. Resources benefiting from prescribed burning as identified by importance ratings (0 = no importance and
5 - highest importance) by fire managers in the South, 1985-1994.

State and private forests (n  = 12)
Average

Resource benefit rating
Hazard reduction 4.42
Reforestation 4.20
Vegetation control in established stands 4.03
Game birds and animals 3.70

Nongame  wildlife 2.68
Threatened and endangered species 2.63
Pest protection 2.31
Reintroduction of f ire-ecosystem 2.27

management
Grazing 2.01

National forests (n = 13)~--.- ---~
Average

Resource benefit~~.._. rating
Hazard reduction 4.94
Threatened and endangered species 4.92
Game birds and animals 3.72
Reintroduction of f ire-ecosystem 3.12

management
Reforestation 2.60
Vegetation control in established stands 2.60
Nongame  wildlife 1.84
Pest protection 1.42

G r a z i n g 1.35

previously discussed, the decline in timber harvesting over
the survey period could explain the decrease in slash reduc-
tion burning on Forest Service lands. Furthermore, the
USDA Forest Service survey respondents’ comments indi-
cated that the increases in the use of natural fuels
underburning on national forest lands reflects the Forest
Service’s management objective for increased emphasis on
longleaf  pine ecosystem management and threatened and
endangered species habitat management. Private and state
lands have not experienced the shifting in purposes for
burning that has been occurring on national forest lands.
However, a shift from prescribed burning on some industry
lands to alternative silvicultural treatments as a result of
changing management regimes was reported in one state
agency respondents comments.

Resource Management Objectives

The agency representatives surveyed rated nine factors
for their importance as resource management objectives
from 0 to 5. Resource benefits included hazard reduction,
reforestation, vegetation control, habitat enhancement for
nongame wildlife, threatened and endangered species, and
game bird and animals; insect and disease protection, graz-
ing, and reintroduction of fire into the ecosystem. Hazard-
ous fuels reduction was the highest rated objective for both
national forest and private and state lands (Table 2). Game
bird and animal habitat management were the third and
fourth ranked purpose on national forest and private and
state lands, respectively. Other than high ratings for these
two purposes, the two ownership categories were more
diverse in their purposes. Threatened and endangered spe-
cies management and the reintroduction of fire into the
ecosystem, the second and fourth most important purposes
for burning on the national forest, were only of moderate
importance for state and private ownerships. Conversely,
reforestation and vegetation control, the second and third
most important purposes on private and state lands, were
only moderately important on national forest lands. The
relative importance of burning for these purposes reflects
the prominence of private landowners’ timber production
and harvesting objectives.  Prescribed burning for insect  and
disease control and for grazing enhancement were of low
importance in both ownership categories.

Anticipated Future Levels of Prescribed Burning
Survey respondents est imated future trends in burning for

the period 1995-2004 for the two burn types by distributing
100 percentage points across three possible categories: “in-
creased burning,” “decreased burning,” or “the same level of
burning” based on the respondents’  est imate of  the l ikel ihood
of each trend. On private and state lands, the expectation for
slash reduction burning was about equally split among the
three trends;  underburning was considered sl ightly (10 points)
more likely to decrease than to increase or remain the same
(Table 3).

On national forest lands, slash reduction burning had
more than a 50% likelihood of decreasing; while respon-
dents felt very strongly that natural fuels underburning
would increase, with a likelihood of 78%. Thus, the shift in
burning purposes-from postharvest slash management to
fire-dependent ecosystem management and threatened and
endangered species habitat improvement is expected to
continue. A shift from burning for game habitat manage-
ment to managing for threatened and endangered species,
with an increasing emphasis on plant species recovery was
anticipated in the future by several national forest respon-
dents in their comments.

Barriers to Increased Prescribed Burning
Respondents rated 14 factors for their importance as

barriers to the expanding the use of prescribed burning.  These
barriers included: (1) negative public opinion, (2) close
proximity of residential development, (3) planning costs, (4)

Table 3. Predicted trends in prescribed burning levels as reported
by state agencies for state and private lands, and national forest
fire managersfor national forest lands in the South, 1995-2004,
weighted by area.

Burning purpose
Slash Natural fuels

reduction underburning
State and State and

private National private National
forests forests forests forests

Trend _I_= 12) n= 13
t.(y )p (

n= 12) (n= 1 3 )
o res onse)*

Increasing 3 1 20 33 78
Decreasing 35 55 43 7
No chan_ge 34 25 24 15

’ Weighted  avemgc  based upon areea  burned.
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Table 4. Barriers to increased burning as identified by importance ratings (0 = no importance and 5 - highest
importance) by fire managers in the South, 1985-1994.

State and private forests (n  = 12) National forests (n  = 13)

Barrier
Public opinion
Risk of liability
Air quality and smoke regulations
Residential development

Cost limitations
Narrow time frame in which prescribed

burning is possible
Insurance availability
Shortages of personnel
Lack of funding
Environmental regulations, not including

air quality
Heavy fuel loading

Management policies that discourage risk
taking

Alternative silvicultural methods are
preferred

Not certain about the benefits of prescribed
b u r n i n g

Average
rating
4.65
4.54
4.12
4.08

3.87
3.57

2.83
2.79
2.65
2.58

2.34

2.33

1.80

0.86

funding limitations, (5) availability of alternative silvicul-
tural tools, (6) air quality and smoke management laws, (7)
other environmental laws-excluding air quality and smoke
management, (8) risk of liability for smoke intrusions and
escaped fires, (9) high cost or lack of insurance availability,
(10) agency or company policies that are risk-averse, (11)
lack of qualified professionals and technicians, (12) exces-
sive fuel loading, (13) a narrow prescription window for
conducting burns, and (14) uncertainty about burning as an
effect fuels management practice.

Two barriers, airquality and smoke management laws and
risk of liability, were among the four most highly rated
barriers by both the national forest  and state fuels managers
(Table 4). Negative public opinion and residential develop-
ment in close proximity to areas in need of burning were
among the top four barriers on state and private ownerships.
On national forest  lands,  the shortage of qualified personnel
was the second most important barrier. A narrow available
burning window and inadequate funding were also highly
rated barriers on national forest lands.

Comments provided by USDA Forest Service respon-
dents provided addit ional  insight  regarding barriers  to burn-
ing. A “Catch-22” situation was reported in some states due
to a clash between USDA Forest Service burning objectives
and state prescribed burning guidelines. For example, an
objective of the USDA Forest Service fire program is to
restore habitat for the red-cockaded woodpecker; however,
smoke management guidelines are limiting managers’ abil-
ity to approach their goals in some states. In addition,
USDA Forest Service respondents comments included spe-
cific fire-related cost barriers for monitoring burns, COIN-
ducting  archeological surveys, and training employees.
State agency respondents comments included the  concern
that liability issues and public perception are limiting pri-
vate landowners willingness to burn (more so than on
govcrn17lent-OWlled  lands).

152 SJAF X(4) 2 0 0  I

- Barrier ~~~_ _
Air quality and smoke regulations
Shortage  bf personnel -
Risk of liability
Narrow time frame in which prescribed

burning is possible
Lack of funding
Residential development

Public opinion
Cost limitations
Heavy fuel loading
Management policies that discourage risk

taking
Environmental regulations, not including

air quality
Not certain about the benetits  of prescribed

burning
Alternative silvicultural methods are

preferred
Insurance availability

Average
rating

4.71
4.10
3.91
3.45

3.42
3.06

2.70
1.78
1.53
1.52

1.48

0.44

0.29

0.07

Desired Levels of Prescribed Burning
Fuels managers were asked to estimate the annual area

that  should be burned to achieve their  goals  based on the mix
of resource management purposes described in the survey.
The Forest Service burned about 63% of the fuels managers
self-described optimum targets compared to 48% on private
and state  lands.

Projected prescribed fire treatment needed to achieve
managers’ goals on Forest Service lands was about 750,000
aciyr.  On private and state lands, nearly 7.5 million ac/yr
would be burned.

Implications and Opportunities

The Forest  Service fuel management budget increased from
an average of about $10.5 million from 1985 to 1994 to $70
million in 2000.s  Without fiscal constraints expected by the
respondents,  the Forest  Service’s goal of burning 750,000 ac
annually in the South may be more feasible than respondents
anticipate.  Furthermore,  this  goal  wil l  l ikely be more at tainable
if  funding is  used to recruit  and train qualif ied personnel;  the
second most  important  barr ier  to burning identif ied by nat ional
forest  respondents.  In fact,  since 1997, fuels treatment (prima-
rily prescribed fire) on national forests in the South has
approached this  goal;  fuels  treatment accomplishments have
risen to 700,000 ac/yr. However, it is unclear to what extent
burning levels can continue to increase or be maintained in
light of other barriers such as regulatory and liability con-
straints,  residential  development,  and narrow prescription win-
dows for  burning.  Respondents  comments  indicated that  these
barriers were severe enough in some state’s national forests as
to diminish the l ikel ihood of  achieving managers’  prescribed
burning goals .

Annual budget data from USDA Forest Service internal reports (Wash-
ington DC.).
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Survey results  indicate that  there is  a great  unmet need for
increased burning on state and private lands. State agency
fuels managers reported that 7.5 million aciyr;  more than
twice current burning levels, should be burned. State hold-
ings comprise only a fraction of the pine-type forest in the
South; therefore, activity on these lands would have little
impact on the total state and private burning program. Fur-
thermore, burning on industrial lands appears to be fairly
aggressive; 2.5 times the rate of burning (burned area per
pine-type area) on NIPF lands. In addition, the NIPF area in
pine-type forest  is  a lmost  twice that  of  industry holdings and
ten times the pine-type area in the national forest.

Several factors may explain the gap for prescribed fire
treatment on NIPF lands. State agency assistance is particu-
larly important in areas where contractors are not available or
willing to conduct prescribed bums. In some states, program
funding is  insufficient  to adequately provide landowner assis-
tance for burning. In other states, agency policies limit land-
owner assistance to burn plan development,  plowing firel ines
and/or  providing emergency equipment on si te  in the event  of
a fire escape; agency personnel will  not execute the burn for the
landowner. In addition, according to survey respondents, li-

ability for escaped fires and smoke and public acceptance are
also highly important  inf luences  to  burning on NIPF lands.

Future research should more fully explore the social,
legal, and economic barriers to prescribed burning identified
by survey respondents. In addition, better data is needed to
fully characterize the use of prescribed fire in the South.
Some respondents did not have complete records for burned
area over the survey period and in some states, ownership
class was not a component included in their records. A
uniform, comprehensive system of data collection for burned
area, resource management targets, and other elements of
burning would facilitate progress on national goals for fire
protection and identification of treatment opportunities.
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EFFECTS OF PRESCRIBED BURNING ON
VEGETATION AND FUEL LOADING IN

THREE EAST TEXAS STATE PARKS

Sandra Rideout and Brian P. Oswald
USDA Forest Service, Forestry Sciences Laboratory
320 Green Street, Athens, Georgia 30602-2044 and

Silviculture and Range Management, Stephen F. Austin State University
Box 6109, SFA Station, Nacogdoches, Texas 75961-6109

Abstract.-This study was conducted to evaluate the initial effectiveness of prescribed
burning in the ecological restoration of forests within selected parks in east Texas.
Twenty-four permanent plots were installed to monitor fuel loads, overstory, sapling,
seedling, shrub and herbaceous layers within bum and control units of Mission Tejas, Tyler
and Village Creek state parks. Measurements were taken during the summers of 1999 and
2000. Prescribed burning was conducted between these sampling periods in early spring
2ooo. Results indicated that the current applications of prescribed burning do not
significantly influence vegetation or fuels. Sustained drought, prior management practices
and imposed local bum bans reduced the window within which prescribed bums could be
applied, and limited the effectiveness of the burns.

Historically, fire has played an important role in most terrestrial
ecosystems. Fire has an influence in such ecosystem components as
recycling of nutrients, regulating plant succession and wildlife habitat,
maintaining biological diversity, reducing biomass, and controlling insect
and disease populations (Mutch  1994).

When conducted properly, prescribed fire undoubtedly alters the
composition and structure of the understory vegetation within forests.
Several subclimax communities and endangered species of Texas are
dependent on fire. For example, fire is an essential element in the
restoration and management of longleaf  pine (Pinus  palustris Mill.)
stands and pitcher plant (Sarracenia alata Wood) wetland ecosystems.
These and other communities benefit from an active prescribed burning
program (Reeves & Corbin 1985).

Prescribed burning is currently used as a management tool in several
Texas state parks for the purposes of reducing forest fuels, improving
wildlife habitat, altering the composition and structure of the understory
vegetation and enhancing park appearances. This study was conducted
to evaluate the initial effectiveness of prescribed burning in the
ecological restoration of forests and consisted of monitoring pre- and
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post-burn vegetative characteristics and fuel loads at three Texas state
parks. At Mission Tejas State Historical Park, Tyler State Park and
Village Creek State Park, 24 plots, eight in each park, were monitored
in the summers of 1999 and 2000 to determine short-term ecological
effects of pre-scribed burning on vegetation and fuel loads.

METHODOLOGY

The three parks surveyed in this study were all part of the Piney-
woods Region of Texas Parks and Wildlife Department’s Parks and
Historic Sites. Mission Tejas and Tyler State Parks had similar
ecological characteristics. Typical overstory species within the burn
units of these parks included shortleaf pine (Pinus echinata Mill.),
loblolly pine (Pinus  taeda L.), sweetgum (Liquidambar styraciflua  L.),
water oak (Quercus nigra L.), white oak (Q. alba L.), mockernut
hickory (Carya tomentosa (Poir .)  Nutt .)  , white ash (Fraxinus  americana
L.) and American holly (Ilex  opaca Ait.).  Common understory species
included yaupon (Ilex  vomitoria Ait.),  flowering dogwood (Comus
Jlorida L.), American beautyberry (Callicarpa americana I-.), longleaf
uniola (Chasmanthium laxum  var. sessilijlorum (L.) Yates), panicums
(Panicurn sp.) and various sedges (Texas Parks and Wildlife 2000a;
Texas Parks and Wildlife 2000b).

Average low temperatures in January range from 0 to 2”C, while July
averages highs of 34 to 36°C. The first and last freezes typically occur
around mid to late November and mid March to early April, respective-
ly. Average rainfall exceeds 100 cm per year (Texas Parks and Wildlife
2000a; Texas Parks and Wildlife 2000b). Steep slopes abound in these
parks, with elevation changes of 100 m within both parks (Texas Parks
and Wildlife 2000a; Texas Parks and Wildlife 2000b; Robinson & Blair
1997). The historic fire return interval where these parks are located
was 4 to 6 years. It is presently greater than 20 years (Jurney 2000) due
to suppression;fragmentation  and urbanization of the surrounding areas.
Heavy fuel loads persist throughout the park due to decades of sporadic
use of fire.

Unlike the others, Village Creek State Park included cypress swamps,
bottomland wetlands and blackwater sloughs in the flood plain of the
Neches River. The burn unit was once a Iongleaf/little  bluestem
(Schizachyrium  scoparium (Michx.) Nash.) stand. Due to fire exclusion
it was being overtaken by broadleaf trees, such as water tupelo (Nyssa
aquatica L.), river birch (Betula nigra L.), water oak and redbay
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(Persea borbonia (L.) Spreng.), in addition to the invasive Chinese
tallowtree (Supium sebiferum  (L.) Roxb.). Common understory
vegetative species included yaupon, flowering dogwood, American
beautyberry, poison ivy (Toxicodendron radicans  (L.) Kuntze), little
bluestem, panicums and various sedges. The park’s mean elevation was
7 m. January’s average low temperature was 3”C, while July’s average
high was 34°C (Texas Parks and Wildlife 2000~).  Historic fire return
interval in the area was 1 to 3 years. Now it is greater than 20 years
(Jurney 2000).

Methods for establishing plots, and sampling vegetation and fuel loads
were as defined in the  National Park Service Western Region Fire
Monitoring Handbook (Western Region Prescribed and Natural Fire
Monitoring Task Force 1992). Plot size and sampling locations varied
for each monitoring variable. Consistent sample areas were used
between plots for each variable. The entire 20 by 50 m rectangular plot
was used for sampling overstory (Figure 1). Overstory trees were
defined as all trees, living or dead, with dbh > 15 cm. Dbh (diameter
at breast height) was defined as diameter outside bark at 1.4 m.

Saplings were defined as standing living or dead trees with dbh > 2.5
cm and 1_(  15 cm. They were sampled only within Quarter 1. Seed-
lings were defined as those living trees with dbh < 2.5 cm. Seedlings
were monitored only in the 5 by 10 m medial section of Quarter 1.

The point line-intercept method was used for sampling shrub and
herbaceous layers. The point line-intercept transect ran along the Q4-Ql
50 m line delineating that outside long axis of the plot. Height of the
tallest living or dead individual by species, and species from tallest to
shortest intercepting the transect were recorded.

To obtain shrub density, the Q4-Ql transect was widened to a belt 0.5
m wide. A stem count of shrub species within the belt was recorded.
To measure density of herbaceous plants, a 1 m2 frame was placed on
the plot side of both outer 50 m transects every 10 meters. The total
area sampled in each plot using this method was 10 m2.  Herbaceous
species and number of stems were recorded.

Four transects extending 15.2 m in random directions from the
centerline at the 10, 20, 30 and 40 m marks in each plot were used to
measure fuel loads (Brown et al. 1982). One-, ten-, hundred- and
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Figure 1. Sampling areas and transects for vegetation and fuel load monitoring (Western
Region Prescribed and Natural Fire Monitoring Task Force 1992).

thousand-hour fuels were sampled along these transects. Depth of Oi
and Oe (litter) horizons combined was also measured, as well as, depth
of 0, (duff) horizon. Samples of 0; and 0, horizons combined were
collected and dried to determine litter weight. All vegetative and fuel
load monitoring techniques were repeated during the same time of the
year 2000.

Texas Parks and Wildlife Department (TPWD) personnel produced
the burn plans. Prescribed burns were conducted during late February
to early March 2000 when weather and fuel moisture conditions
allowed.

To estimate the intensity of each burn, four tiles with heat-sensitive
paint were attached to the center t-post of each plot. One tile each was
placed 15 cm below ground, at ground level, 30 cm and 61 cm above
ground. Tiles were removed immediately after the burn. Analyses of
the tiles allowed an estimate within 38°C of the fire temperature at plot
origin.
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County burn bans prohibited burning in the parks until they were
temporarily lifted following rain episodes. Because of the necessity to
wait until a rain event, fuels were wet and resulting burns were weak
and spotty. Firelines were monitored for two hours after each burn was
completed. Park staff was responsible for monitoring the burn unit after
that time.

According to written burn plans (Sparks 1999a; Sparks 1999b;
Robinson & Blair 1997),  the primary objectives of the initial burns were
to reintroduce the natural role of fire into the ecosystems and to reduce
fuel loads. Other objectives mentioned included reducing risk of wild-
fire, increasing species richness and diversity, increasing wildlife habitat
for numerous species, encouraging longleaf  pine seedlings at Village
Creek State Park and beginning the first stage in restoration. Cool
season burns were recommended every two years to reduce fuels
sufficiently for growing season burns. Following three cool season burn
cycles, burns would be conducted once every three years during the
early to mid-growing season to increase mortality in understory hard-
wood sap1  ings .

Fuel loading (Mg ha-‘) was dalculated using Excel software. ANOVA
and paired t-tests were performed to test for significant differences in
pre- and post-burn fuel loads and vegetation in SPSS Base 10.0 (SPSS
Inc. 1999). Exploratory analysis was conducted on data in PC-ORD
(McCune & Mefford 1999) using twinspan, Detrended Correspondence
Analysis (DCA) and graphing the DCA. DCA was designed for
ecological data sets. It is based on samples and species, and ordinates
both simultaneously (McCune & Mefford 1999).

Paired t-tests were conducted in Excel on overstory and sapling
vegetation to determine differences in standing dead vegetation before
and after the burns. Morisita’s index of similarities was conducted on
seedling, shrub and herbaceous communities to determine differences in
composition before and after the burns (Morisita 1959). Morisita’s
index was formulated as follows:

c,  = 2CXiYi
CL + WN.N,
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Where: X i = Number of species i in community A

yi = Number of species i in community B

N,=  CYi

s, = C ix  iCx  i -  l>l

N,  (NC-  1)

s, = 23 lIy  iCy.i  -  l)l

N,  W-  1)

RESULTS AND DISCUSSION

Fuel loading results for all parks combined in 1999 (before burning)
and 2000 (after burning), indicated a statistically significant reduction in
one-hour fuels in burn plots in 2000; however, the actual difference was
only 0.05 Mg ha-‘. This is not ecologically significant. There was also
a statistically significant reduction in ten-hour fuels in the control plots,
while there was no change in the burn plots (Table 1).

The only statistically significant difference in hundred- or thousand-
hour fuels was an increase in thousand-hour fuels in control plots (Table
1). Larger fuels may have increased due to drought-stressed trees dying
and falling.

For all parks combined, 0; and 0, horizons’ combined weight
decreased significantly (t = 5.182, P < 0.001) in the burn plots while
it did not in the control plots (Table 2). The actual decrease in the burn
plots was 0.98 Mg ha-‘. There was also a statistically significant
decrease in depth of 0; and 0, combined in the burn plots (t = 2.074,
P < O.OS),  while there was a significant increase in the control plots (t
= (6.641, P < O.OOl)(Table  2).

Tiles recovered from the burns indicated weak burns at all parks, with
Mission Tejas generally burning hotter than Tyler and Village Creek.
Tiles showed no effect from the heat of the burns at the 61 cm (2 ft)
level in any plot. One tile at Mission Tejas indicated 93°C at the 30 cm
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Table 1. Mean fuel loads and paired r-test results for fuels in 1999 (pre-burn) and 2ooO
(post-burn) in Mission Tejas, Tyler and Village Creek State Parks combined.

Plot
type

Measurement One- Ten-
hour hour

Hundred- Thousand-
hour hour

Total

Burn 1999 fuel load
( Mg ha-‘) 0.29 I.78 1.81 1.63 5.53

(n = 60, 2000 fuel load
df = 59) (Mg ha-‘) 0.24 1.58 2.49 2.42 6.68

Mean difference 0.05 0.19 -0.68 -0.79 -1.15
SD 0.15 2.17 3.73 4.88 5.52
t 2.453 0.687 -1.406 -1.254 -1.608
Significance 0.017 0.495 0.165 0.215 0.113

Control 1999 fuel load
(Mg ha-‘) 0.31 2.25 1.74 2.55 6.84

(n = 36, 2000 fuel load
df = 35) (Mg ha“) 0.24 1 .Ol 2.04 6.20 9.50

Mean difference 0.07 1.23 -0.30 -3.64 -2.50
SD 0.28 1.60 3.30 9.58 10.04
t 1.518 4.610 -0.553 -2.282 -1.584
Significance 0.138 <O.OOl 0.584 0.029 0.122

Table 2. Mean measurements in 1999 and 2000 and paired r-test results for 0 i and 0 2
combined and 0 B horizons in Mission Tejas, Tyler and Village Creek State Parks
combined.

Plot
depth
tYPe

Measurement Oi and 0, 0; and 0, 0,

weight
(Mg ha-‘)

depth (cm)
(cm)

Bum 1999 2.990 1.348 1.431
(n*  = 60 ’ 2000 2.015 1.203 1.353
df = 59) Mean difference 0.976 0.145 0.077

SD 1.409 0.542 0.550
f 5.182 2.074 1.084
Significance <O.ool 0.042 0.283

Control 1999 3.716 1.492 1.571
(n = 36, 2000 3.480 2.196 1.600
df = 35) Mean difference 0.236 -0.703 -0.029

SD 1.664 0.636 0.742
t 0.850 -6.641 -0.234
Significance 0.401 co.001 0.817

* II  = 56 for 0 i and 0 e weight in the bum plots, df = 55 for 0 i and 0 e weight in the bum
plots.

(1 ft) level, while the others recorded no effect. At ground level, tiles
indicated a range of intensities from 0°C to 538”C,  with Mission Tejas
averaging 293”C, Tyler averaging 149”C,  and Village Creek averaging
45°C. At the subground level Mission Tejas averaged 197°C and Tyler
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averaged 13”C, while tiles at Village Creek recorded no effect. This
level of intensity could leave quite a bit of the 0 horizon and downed
woody fuels unburned. After the fires, most surface fuels appeared
charred but unconsumed.

It appears the burns did not fully reach the objective of reducing fuel
loads. The only ecologically important effects were the decreases in
weight and depth of the 0; and 0, horizons in the burn plots. The loss

in weight from 1999 to 2000 was 0.98 Mg ha-‘, and the difference in
depth between the burn and control plots in 2000 was 0.85 cm. These
differences were possibly enough to affect the viability of seedlings or
herbaceous plants.

VEGETATION

Mission Tejas State Historical Park.-With Axis 1 of the DCA graph
representing decreasing time since prior disturbance, one plot was
separated to the far right of the other plots in most vegetation classes
because it had been burned in the past. There were no records of how
long ago the burn occurred. The authors estimated it to be between five
and ten years. The plot was very thick with loblolly saplings ranging
between one and three inches in diameter.

In both 1999 and 2000, the overstory of Mission Tejas plots was
dominated by shortleaf pine followed by sweetgum and loblolly pine.
There was not a statistically significant change in number of dead
standing overstory or sapling trees from 1999 to 2000. Saplings were
dominated by shortleaf and loblolly pines, followed by white oak.

Morisita’s similarity index showed relatively high similarity in
composition of seedlings, 50 m shrub and herbaceous transects, shrub
belts and herbaceous frames between burn and control plots in 1999 and
2000 (Table 3). They indicated little to no overall effect in these
populations from the prescribed burn. Authors believe results would
have indicated greater changes in composition had the burns been more
severe.

In the seedlings class, loblolly pine, white oak and Southern red oak
(Quercus falcata Michx.) were common. Sassafras (SassaJi-as  albidum
(Nutt.) Nees) was absent from the burn plots in 1999, while it was
present to either a moderate or heavy degree in 2000.
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Table 3. Morisita’s similarity index results for plot comparisons at Mission Tejas, Tyler and
Village Creek State Parks pre- (1999) and post-burn (2000).

Park Plots compared Seedlings 50 m shrub Shrub  Herbaceous
and belts frames

herbaceous
transects

Mission
Tejas Pre-bum: bum vs. control 0.93 0.61 0.76 0.69

Post-bum: bum vs. control 0.89 0.94 0.84 0.85

Bum plots: vs. post-bumpre- 1.00 0.95 0.88 0.99

Controls: vs. post-bumpre- 0.97 0.88 0.88 1.20

Tyler Pre-bum: bum vs. control 1.02 0.76 0.94 0.85

Post-bum: bum vs. control 0.92 0.99 0.99 0.95

Bum plots: vs. post-bumpre- 0.99 0.85 0.96 0.92

Controls: vs. post-bumpre- 1.02 0.98 0.90 0.96

Village
Creek Pre-bum: bum vs. control 1.00 1.01 0.86 0.00

Post-bum: bum vs. control 1 .OO 0.00 0.60 0.00

Bum plots: vs. post-bumpre-

Controls: vs. post-bumpre-

1 .OO 0.80 1.02 0.43

1 .Ol 0.00 0.41 0.00

For the 50 m shrub and herbaceous transect, litter was more common-
ly intersected than all plant species combined. In the previously burned
plot, the transect was dominated by a heavy ground cover of poison ivy,
with little room for anything else. Smilax (Smilax sp.), Virginia creeper
(Pwthenocissus quinquefolia (L.) Planch.), poison ivy, muscadine grape
(Vitis rotundifolia Michx.) and partridge-berry (Mitchella repens L.)
were commonly intersected in the other plots.

The 0.5 m wide shrub belts in all plots at Mission Tejas were
dominated by poison ivy, smilax and Virginia creeper, with moderate
amounts of muscadine grape and American beautyberry. In the herba-
ceous classification, the only obvious change from 1999 to 2000 was the
heavy presence of goldenrod (Solidago sp.) in two of the burn plots in
2000. Goldenrod is a common invader species after disturbance, and
was not recorded at all in 1999.

This burn was part of the fuel reduction phase described in the burn
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plan (Robinson & Blair 1997). Killing or weakening under-story shrubs
and pine saplings was one goal of the fuel reduction phase. Results
indicated no significant changes in overstory, sapling, seedling, shrub or
herbaceous populations.

Tyler State Park. -The overstory of plots at Tyler State Park was
characterized by shortleaf pine and post oak (Quercus stellata
Wangenh.). There were no significant changes in dead standing
overstory trees from 1999 to 2000.

When graphed in DCA, two plots were commonly placed on the right
of the rest of the group. Axis 1 represented soil moisture, with
decreasing soil moisture to the right of the graph. These two plots were
higher in elevation and would have lower soil moisture than the others.

T-tests indicated a significant increase in percent of dead saplings in
2000 in the burn plots (t = 3.004, P = 0.003). In 1999, there were 7.9
percent dead saplings while there were 18.5 percent in 2000. The
control plots indicated the opposite trend, although it was not significant
statistically. Thus the increase in the burn plots was evidently due to the
burn. Saplings were already suffering drought stress and the additional
stress of the burn exterminated weaker individuals. Further t-tests
indicated no significant differences in dbh or height class of saplings
from 1999 to 2000, indicating that combined stresses affected saplings
of all diameters and heights evenly.

Morisita’s similarity index illustrated very high similarity between
seedlings, 50 m shrub and herbaceous transects, shrub belts and
herbaceous frames, from 1999 to 2000, even between burn and control
plots (Table 3). In the seedlings class, sweetgum and sassafras were
most common, followed by Southern red oak, winged elm (Ulmus alata
Michx.), red maple, flowering dogwood and American elm. Litter was
most often recorded in the 50 m shrub and herbaceous transects. In
2000, twinspan  separated plots based on the presence of bare ground.
No bare ground was recorded in 1999. The presence of it in 2000 could
have been a result of the prescribed burn removing the 0 horizon.

There were some changes in shrub belt data from 1999 to 2000 in
Tyler State Park. Muscadine grape, poison ivy and smilax were
common. American beautyberry was absent in 1999, while there was
a heavy presence of it in one plot in 2000 that had burned very hot, as
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evidenced by char height after the burn. Virginia creeper, which was
heavily present in that plot in 1999, was absent in 2000. Longleaf
uniola was common in the herbaceous frames.

The 10.6 percent increase in dead saplings appears to be the only
significant difference in vegetation. The burn plan (Sparks 1999a) called
for increasing herbaceous species, reducing brush species and enhancing
species diversity and richness. None of these objectives were reached.
The burn was not hot enough to accomplish these goals.

Village Creek State Park. -The overstory of Village Creek was
characterized by longleaf  pine, southern red oak, and sweetgum. Plots
closest to the creek were separated from the others in twinspan  because
they contained river birch, commonly found in wet soils and stream-
banks, and Southern magnolia (Magnolia grandzjTora L.), also common
in moist valleys (Little 1980). They also contained lesser amounts of
Southern red oak than did other plots, which is more commonly found
in dry, sandy loams (Little 1980). When graphed, DCA Axis 1
represented increasing soil moisture in both years in most vegetation
classes. T-tests indicated no significant changes in standing dead
overstory trees.

In saplings, yaupon and redbay  were dominant. T-tests indicated a
significant increase in the number of dead saplings in the burn plots
from 1999 to 2000, 12.6 to 19.6 percent, respectively (t = 2.286, P =
0.023). There was only a slight increase in the control plots, from 12.8
to 13.9 percent. This illustrated a cumulative effect within the burn
plots of the drought and the burn combined. There were no significant
differences in dbh and height class between 1999 and 2000, illustrating
that combined impacts of fire and drought affected all sizes evenly.

Chinese tallowtree was becoming increasingly common in the sapling
and seedling stages at Village Creek. It is a native species of China,
which has been widely planted as an ornamental in the U.S., because of
its vivid fall colors. Seedlings less than one foot tall were omnipresent
in areas that were typically wet, but dry due to drought. Chinese
tallowtree is hardy, common in sandy soils along streams and grows
quickly into thickets (Little 1980). It has the potential to overtake
natural vegetation in many areas of the park if left unmanaged.

Morisita’s similarity index reflected nearly exact similarities in
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seedling composition between all control and burn plots in both years
(Table 3). The burn appeared to have no effect on composition of
seedlings. This was not surprising considering the wet condition of the
fuels during the burn.

On the shrub and herbaceous transects, litter dominated intercepts on
all plots. There were more species of vegetation, and vegetation
occurred more often in 1999 than 2000. Although a burn could cause
a reduction in shrub species, even herbaceous species, such as little
bluestem  and a carex sedge (Carex joorii Bailey) were also reduced.
This is more indicative of drought effects than those of prescribed
burning.

Morisita’s similarity index indicated a high degree of similarity
between burn and control plots in 1999 (Table 3). However, in 2000,
every hit along transects within control plots contacted no vegetation,
only litter. This resulted in 0.00 similarity between burns and controls
in 2000, and controls in 1999 and 2000. The lack of brush and
herbaceous vegetation in the control plots was due to the sustained
drought. Village Creek is the northern boundary of the park. The creek
often floods in the winter and spring and cypress swamps are present
near both the control and the burn units. Because of the drought, the
yearly flooding had not occurred in 1999 or 2000; the swamps were dry,
and vegetation severely affected.

There were also decreases in the total number of shrub belt species
and the numbers recorded within species from 1999 to 2000. The
drought appeared to play an important factor from the first year to the
next. Some species increased in certain plots while decreasing in other
plots, with other species exhibiting opposite responses in those same
plots. This is indicative of too few resources. The species with the
firmer hold on an area won out.

Morisita’s index also indicated a cumulative effect of the drought and
the burn in Village Creek’s shrub belt composition (Table 3). Oddly,
the highest rating (1.02) was received by the similarity in the burn plots
between 1999 and 2000, indicating no effect on composition by the
burn.

The effect of prolonged drought was also evident in the herbaceous
frames. In both years, the majority of herbaceous frames were empty
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in all plots. Morisita’s similarity index resulted in all comparisons
receiving either 0.00 or a low rating (Table 3). This was due to the
total lack of herbaceous vegetation in many of the frames in 2000.

At Village Creek the only significant effect of the burn on vegetation
was in the percent of dead saplings. The increase, seven percent, in the
burn plots was six percent greater than in the control plots. The
objectives of encouraging longleaf  seedlings, herbaceous species, and
increasing species richness and diversity were not met.

CONCLUSIONS
Compared to forests with long-interval, high-severity fire regimes,

characterized by stand replacing fires, forests with low- to
moderate-severity regimes, characterized by low-intensity surface fires
may experience greater adverse effects from high intensity wildfires
because they are not adapted to them. Generally, these forests adapted
to low-intensity surface fires are more adversely affected by fire
suppression and other human influences following European settlement.
Active fire seasons occur at more frequent intervals than in long-interval
types, due to longer fire seasons, higher average temperatures, and
exposure to more potential ignitions during a given fire season. They
have missed more fire cycles than longer interval fire regimes, and are
generally in greater need of wildfire hazard reduction and restoration of
ecological integrity. Wildfires in these areas not only cause more
detrimental ecological effects, but they pose great risks to firefighters
and property.

It is anticipated with most prescribed burning programs, that the
resulting post-fire landscape will have significantly reduced fuel loads
and reduced risks of detrimental wildfires. If the post-fire landscapes
are also attractive to those who influence policy, positive social benefits
can be anticipated as well.

The primary goal of each of these burns was to reintroduce or
establish prescribed burning in these parks to further this mission. That
objective was met. Park staffs were introduced to the duties, dangers
and special considerations necessary with conducting prescribed burns.
Each time they are performed by park staff, burns should become less
stressful and more efficient.

This short-term project has determined that future burns must be more
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intense to meet the fuel loads and vegetation goals outlined in the burn
plans. This will require a great deal of cooperation and preparedness
from park staff. The window of opportunity to conduct a burn with the
desired outcomes may be quite small in any given year. Fuel moisture,
wind direction and speed, ambient temperature and capable staff
availability must all be ideal to conduct a burn. Once the natural
resources coordinator (NRC) has identified an area to be burned it is the
responsibility of the park staff to prepare and maintain it in a ready
condition.

Initially, dormant season burns should be conducted every two years
to reduce fuel loads sufficiently to initiate early to late spring burns.
This will require at least two more cool season burns of greater intensity
than the burns presently studied. Spring burns occurring every three
years will establish a vegetation restoration phase. After a diverse
herbaceous layer and open understory have been established, a
maintenance phase of burning every five to eight years, depending on
desired vegetation, can begin (DellaSala  & Frost 2001; Manley et al.
2001).

In years with inadequate prescribed fire windows due to extreme
drought or flooding, prescribed burning should not be undertaken. It is
too expensive and inefficient to extract employees from their normal
duties, and use expensive tools, trucks and ATVs to accomplish so little
ecologically. However, TPWD personnel must be willing to take risks
based on the best available knowledge. Increasingly, scientific informa-
tion points to the necessity of fire in maintaining sustainable, healthy
forests in the Southeast. Being too cautious could be just as detrimental
to the forest as an escaped prescribed fire. The risks of damage from
wildfire, disease, insects and overcrowding are increased when pre-
scribed fire is put off another year in hopes of better burning conditions.
Fire exclusion will ultimately result in a shift from a nonlethal under-
story fire regime to a stand-replacement regime accompanied by changes
in composition and diversity.

In Texas, county judges are responsible for issuing burn bans, even
those with little ecological experience on which to rely. Ideally, a
relationship should be fostered between the NRC and county judges
issuing the bans. Judges are accustomed to making decisions based on
facts and the good of the whole, rather than emotion. They should be
capable of understanding the importance of fire on the landscape and the
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precautions taken to keep prescribed burns contained. These parks,
particularly Village Creek, would have burned naturally during very dry
periods. To be forced to adhere to burn bans during these times greatly
reduces the restorative powers of prescribed burning. The judges have
the authority to allow TPWD to burn for ecological reasons during a
burn ban.

In this instance, had TPWD not been bound by the burn bans, burns
could have been conducted when fuels were more dry. The failure to
reach the objective of reducing fuels in the parks was a direct result of
waiting until after a rain event occurred to burn.

Long-term interdisciplinary research projects are necessary to quantify
the  ecological effects, and economic and social trade-offs of prescribed
burning. Only through long-term research may it be determined which
natural fire functions can be emulated with prescribed burning, which
are irreplaceable, and the implications for management.
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Summary

Prescribed fire is used routinely in the southern United States to reduce fuel
loading and decrease the risk of catastrophic wildfires, improve forest health,
and manage threatened and endangered species. With rapid human population
growth, southern forests have become fragmented by an extensive road net-
work and intertwined with urban uses in a wildland-urban interface (WUI)
pattern. It is practically impossible to use prescribed fire in the more urbanized
portions of the interface. Nevertheless, fuel reduction treatments still are
needed in fire-dominated “urban woodlands.” Alternatives to prescribed bur-
ning may involve mechanical reduction of current fuel loads and maintenance
of low-risk understory through herbicides. Techniques are needed that can
effectively reduce fuel loads through mechanical means, and are acceptable to
homeowners. Additionally, utilization scenarios need to be identified for this
class of raw material to make removal economically attractive to operators. An
integrated system is being developed that will manage fuel loads in urban
woodlands through mechanical means.

Keywords: Vegetation management, engineering systems, landscape ecology, prescribed
fire.

Introduction

Prescribed fire is used routinely in the South to reduce fuel loads and decrease
the risk of catastrophic wildfires; to improve forest health; and to manage
threatened and endangered species. The ability to use prescribed fire is proble-
matic in urbanizing areas of the South, the so-called wildland-urban interface
(WUI). Nevertheless, fuels must be managed even in urban woodlands. Mech-
anical alternatives to prescribed fire have been proposed to reduce current fuel
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loads that have built up during the last 50 years of aggressive fire suppression.
Herbicides or continued mechanical methods will be needed to maintain
understory species of low fire risk. Methods must be acceptable to home-
owners, as well as cost-effective. This paper provides an early report of efforts
to develop an integrated system of managing fuel loads in the WUI environ-
ment.

Characteristics of the Interface

Demographic changes in the South affect natural resources and the attitudes of
southerners to traditional management practices such as prescribed fire
(Cordell et al. 1998). The WUI, where homes or other structures are adjacent
to, or intermixed with forests is a particularly vexing locale for natural resource
managers (Macie and Hermansen 2002). More people are living at the inter-
face and the transportation system is expanding, becoming denser and more
pervasive. In most of the South, this is an area of fire-adapted natural vege-
tation. Critical challenges for managers include wildfire prevention, suppres-
sion, and mitigation. Increasingly, one of the most effective tools in the mana-
ger’s kit, fuel reduction by frequent understory burning, is off-limits because of
safety and liability risks (Achtemeier et al. 1998, Wade and Brenner 1995) or
public dislike for inconvenience of smoke (Macie and Hermansen 2002).

The traditional idea of the wildland urban interface is an area of urban sprawl
where new housing developments abut public or private wildland. A less
obvious form is the isolated interface where scattered, remote structures are
dispersed in wildland. Typically these are second home or summer recreation
structures surrounded by forest vegetation. The wildland island is a park or
forest stand within an urban area. Between these extremes is the intermix zone
of areas undergoing a transition from natural resource uses such as forestry or
agriculture to urban uses. These areas may have been bypassed by leapfrog
urban development. Each type of WUI is dynamic; parcel size generally de-
creases, further fragmenting forest cover; road and population densities gener-
ally increase, accompanied by changing demographic profiles and cultural
values (Cordell et al. 1998). The vegetation communities types, stand structures,
fuel types and loads vary as well by physiographic province, from the coast to
the mountains. There is no single parameter, or simpie set of parameters, that
adequately describe the WUI environment.

Fuel Reduction Methods

Forest operations appropriate for WUI conditions applications must be
matched to terrain and stand conditions, the unique constraints of operating in
the WUI, the product specifications of any extracted materials, and the pres-
cription requirements of the treatment. Conventional mechanical reducedon
equipment is designed to operate effectively on large areas so high speed and
maximum cutting width are common design goals. Operations for the WUI,
on the other hand, should be lightweight to minimize soil impacts and road
transportation problems. Cutting width and speed may not be as important as
minimizing thrown debris and operating in tight quarters near structures and
the public.
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Operations to extract material must be properly adapted for WUI applications.
Conventional forest operations face significantly increasing costs as tract size
drops below 10 ha (Greene and others 1997). This is primarily due to the in-
creasing overhead of move-in costs and delay time associated with large
capital-intensive equipment. In the WUI, operations that involve a single
machine performing multiple functions will have lower move-in costs. Smaller
equipment may also be advantageous if multiple machines can be moved on a
single transport trailer.

The equipment configuration must also be tiered to the product and proces-
sing possibilities. Biomass material that has no product value should be treated
(mulched) in the stand to minimize costs. Larger diameter material may have
value as pulpwood, fuel chips, or even sawlogs. This material may be proces-
sed to appropriate dimensions, extracted from the forest and transported to
mills. In dense, overstocked stands resulting from fire suppression, reducing
fuel loads through biomass thinning may allow use of prescribed fire (Wade et
al. 1998). In such cases, combining a small chipper with cut-to-length harves-
ting systems may be feasible (Bolding and Lanford 2001). A complete fuel
reduction treatment in the WUI will thus require an integrated system of seve-
ral machines to achieve stand management goals while minimizing costs and
maximizing fibre recovery and utilization.

Markets

Viable markets and economical processing would provide outlets for small-
diameter timber in our forests and in the WUI. Forests currently provide a
multitude of wood products with many produced from small diameter timber
(Hansen et al. 2001). Among these is dimension lumber and construction
wood products that include engineered wood products. Also a variety of
specialty products targeted at niche markets are currently produced. Expan-
ding production of engineered wood products could utilize larger amounts of
small-diameter timber and several under-utilised species. Resulting removals
of small-diameter timber would contribute significantly to a reduction in fuel
loads and a lessening of the potential for catastrophic fire. Available local
markets will be the key to developing effective fuel reduction methods to being
fuel loads back to manageable levels.
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FUEL-REDUCTION TREATMENTS WITH A GYROTRAC GT-25 
Fire:  forest protection June 2005 
 www.forestresources.org/members/serpub/05-r-16.html 
INTRODUCTION:  Land managers in urban areas are turning to mulching equipment as a tool 
for managing their timberlands.  Prescribed burning to reduce fire risk may not be an option, due 
to smoke management concerns and the level of current fuel loading. 
 
On a wet, rainy day in December, 2004, the U.S. 
Forest Service, Southern Research Station, 
Forest Operations Research Unit held a 
demonstration of the GyroTrac GT-25 in 
Auburn, Alabama.  Dick Martin, Alabama 
Agriculture Experiment Station Forester, 
offered a high risk area of the Auburn 
University campus for demonstrating this 
mulching equipment.  The selected site is a 
popular tailgating location near Jordan-Hare 
Stadium and directly adjacent to buildings and a 

heavily traveled roadway; for those reasons, 
prescribed burning is not an option.  Jon 
Flournoy (Sales Manager) and Steve Shavers 
(Sales Representative) of GyroTrac delivered and operated the GT-25 model used for the 
demonstration. 
 
Many types of mulching machines are commercially available today.  It is important for land 

managers to have information about these 
machines to make informed decisions when 
matching machines to specific applications and 
site conditions. 
 
GENERAL FEATURES:  The GyroTrac GT-25 
is a purpose-built machine.  GyroTrac holds the 
patents on the track system and on the cutting 
head.  The heated and cooled pressurized cab has 
an air filtering system for operator comfort. 
 
The 8.5-foot wide cutting head mulches a 7.75-
foot swath.  There are 36 individual fixed teeth.  
These self-sharpening planer-style teeth not only 
grind material but can till the mulch into the 

ground.  A bar attached to the cutting head pushes stems over while severing them at the base.  
The cutting head can be raised or lowered as needed.  This machine is easily capable of severing 
and mulching 10-inch dbh trees. 
 

 

Fig. 1:  The GyroTrac GT-25 mulches vegetation in 
an urban area to reduce the risk of wildfire. 

Fig. 2:  Mulching equipment is effective in removing 
unwanted vegetation like this. 
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The flexible suspension allows the tracks to maintain greater ground contact than conventional 
tracked systems.  This rubber-track with metal cleat system is designed to allow this machine to 
work on wet days and in a variety of environments.  The 21,500-pound machine has nine feet of 
track in contact with the ground, which equates to approximately 3.6 psi.  Each track is 
approximately 28 inches wide. 
 
APPLICATION:  GyroTrac machines have 
been used for a variety of land management 
treatments including:  controlling invasive 
species, improving wildlife habitat, clearing 
salvage areas, pre-commercial thinning, 
controlling insect infestations, and clearing fire 
lines for wildlife suppression and prescribed 
burning.  A global positioning system (GPS) can 
be mounted in this equipment to guide the 
operator to specified treatment areas. 
 
SPECIFICATIONS AND COSTS:  The 
GyroTrac GT-25 has a 225-horsepower six-cylinder Cummins Turbo Diesel engine.  Four 
hydraulic pumps provide 4,800 psi with a hydraulic flow rate of 38 gallons per minute. 
 
The list price of the GyroTrac GT-25 as demonstrated is $350,0001.  Individual teeth can be 
replaced as they break or wear.  A set of replacement teeth currently costs $1,6001. 

 
COMMENTS:  The newest version of this 
model is eight feet wide to avoid wide load 
permits in some states.  Smaller and larger 
models are available, with a range of engine 
sizes and a variety of head/teeth designs.  
Additional information regarding this and 
other models is available from the 
manufacturer’s internet site at 
www.gyrotrac.net or by phone at 866/800-
3900. 
 
Fuel-reduction through mechanical 
treatments is an area of current interest for 
the Forest Operations Research Unit.  Further 

information concerning this cutting system, or other mechanical treatments, may be obtained 
from the authors. 
 Dana Mitchell, Research Engineer 
 Jason Thompson, Support Engineer 
 USDA Forest Service 
 Southern Research Station 
Reviewed by: 520 Devall Drive 
Jason Cutshall Auburn, Alabama  36849-5418 
Southcentral Technical Division Forester 334/826-8700 

                                                           
1 Prices subject to change without notice. 

Fig. 3:  Post-treatment appearance. 

Fig. 4:  GyroTrac GT-25 tooth design. 

Page 608 of 644



 1
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INTRODUCTION 
 
Wildfire preparedness programs focus on education and provide assistance with community 
design, home construction, and landscape design.  Wildland-Urban Interface (WUI) residents, 
nursery employees, and landscape architects often request lists containing species that would be 
appropriate for placement in firewise landscaping.  Existing lists were created from personal 
experience or based on lists originating in the western United States.  These lists, when applied 
to southern landscape designs, have inconsistencies. 
 
Even with extensive research, there is still no standard method of ranking plant flammability.  
Although it is possible to measure the individual plant characteristics that influence 
flammability, it is not known how those individual characteristics affect overall plant 
flammability (Behm et al. 2004).  A recent study found that the flammability of entire plants is 
most influenced by foliar moisture content and the quantity of foliar biomass (Etlinger and Beall 
2004).  To compare species, it is important to reduce the impact of environmental variables such 
as wind and relative humidity; and to accurately and precisely measure the flammability of entire 
shrubs.  These criteria were met by performing all tests using the large-scale calorimetry 
equipment at the Building and Fire Research Laboratory (BFRL) at the National Institute of 
Standards and Technology (NIST) in Gaithersburg, Maryland.  The research objective was to 
rank landscape shrub species from the South by their flammability. 
 

METHODOLOGY 
 
Species selection:  Species were selected from a survey sent to WUI fire professionals in the 
South to identify species in their area that are highly flammable, less flammable, and species 
with unknown flammability.  From these surveys, we selected 34 species from all three 
categories and based on the following criteria: shrub, non-invasive, and desirable plant 
characteristics. 
 
Measuring Flammability:  The major components of flammability are:  ignitability, 
sustainability, combustibility, and consumability (Martin et al. 1994).  Ignitability was quantified 
based on time to independent ignition.  The ignition source was a u-shaped gas burner.  
Sustainability included the time interval after independent ignition to the end of flaming 
combustion.  Tests were videotaped to validate the measurement of time intervals.  
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Combustibility was measured in multiple ways.  The first measurement was peak heat release 
rate (Peak HRR).  Total energy released was the second measurement.  Maximum flame height 
was also recorded as a measure of combustibility.  Consumability, or the amount of the plant that 
is burned in fire, was measured with a spatial comparison of initial canopy volume to remaining 
canopy volume after combustion.  Plants were placed in front of a placard with a defined grid 
and the change in cover was estimated by comparing before and after images on the placard.  
Digital pictures were taken in two directions before and after the fire test. 
 
Plant measurements:  Variables that may influence the flammability included height, average 
width, foliar moisture content, and foliar energy content.  Overall height and height to the lowest 
branch were measured prior to ignition.  Crown width at half the plant height was measured in 
two directions.  A sample of leaves was collected from the plant prior to ignition and 
immediately weighed.  Samples were returned to the University of Florida where dried-weights 
were obtained.  Moisture content was reported in % moisture content by dry weight.  The dried 
leaf sample used to test the moisture content of leaves was also used in an energy content 
analysis.  Standard isoperibol oxygen combustion calorimetry (Parr® Model 1261 Calorimeter) 
was conducted at the University of Florida. 
 
Statistical analysis:  Principle component and cluster analysis were utilized to determine 
comprehensive differences in flammability among the southern shrub species tested.  The 
principle component analysis identified the importance of dependent variables for differentiating 
among species.  The cluster analysis of all dependent variables was used to group species into 
categories of flammability.   
 

RESULTS AND DISCUSSION  
With a cluster analysis utilizing all quantified flammability characteristics (PHRR, total energy, 
mass loss, plant density loss, time to ignition, maximum flame height, temperatures, and heat 
fluxes), three clusters or rankings of flammability were identified.  Twenty-two species were 
ranked as low flammability, eight species as moderate flammability, and four species as high 
flammability- Ilex glabra, Ilex vomitoria, Juniperus chinensis, and Kalmia latifolia (Table 1).  
These four species should not be planted close to structures.  Species ranked as moderate 
flammability could become highly flammable under drought conditions.  Similarly, these species 
should not be planted near structures.  The study did identify 22 species that can be used in 
firewise planning.   
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Table 1.  Flammability ranking for 34 commonly used horticultural plants in the South by their 
flammability ranking—high, moderate, and low—tested under controlled environmental 
conditions.   
 

Common Name Scientific Name Cultivar Name Flammability Rank 
Glossy abelia Abelia x grandiflora (André) Rehd.  Moderate 
Pipestem Agarista populifolia (Lam.) Judd  Moderate 
Azalea Azalea obtusum (Lindl.) Planch. ‘Hershey red’ Moderate 
Butterfly bush Buddleia davidii (Franch.) ‘Royal red’ Low 
Boxwood Buxus microphylla Siebold & Zucc. var. 

koreana Nakai 
‘Wintergreen’ Moderate 

Beautyberry Callicarpa dichotoma (Lour.) C. Koch ‘Profusion’ Low 
Camellia Camellia japonica L.  Low 
Summer-sweet; sweet 

pepperbush 
Clethra alnifolia L.  Low 

Leyland cypress x Cupressocyparis leylandii (A. B. Jacks. & 
Dallim.) 

 Moderate 

Klein’s forsythia Forsythia x intermedia Zab.  Low 
Cape jasmine Gardenia jasminoides Ellis ‘August beauty’ Low 
Bigleaf hydrangea; French 

hydrangea 
Hydrangea macrophylla (Thunb.) Ser. ‘Nikko’ Low 

Oakleaf Hydrangea Hydrangea quercifolia Bartr.  Low 
Foster holly Ilex x attenuata Ashe ‘Fosteri’ Low 
Gallberry Ilex glabra L. ‘Compacta’ High 
Blue holly Ilex x meservea S. Y. Hu ‘Mesdob’ Moderate 
Winterberry Ilex verticillata (L.) A. Gray ‘Berry nice’ Low 
Dwarf yaupon Ilex vomitoria Ait. ‘Schellings dwarf’ High 
Anisetree Illicium floridanum Ellis  Low 
Ashe juniper; Ozark white 

cedar 
Juniperus ashei Buchh.  Moderate 

Chinese juniper Juniperus chinensis L.  ‘Pfitzerana’ High 
Mountain laurel; calico 

bush 
Kalmia latifolia L. ‘Olympic fire’ High 

Bayberry; candleberry Myrica pennsylvanica Loisel.  Low 
Oleander Nerium oleander L. ‘Calypso’ Low 
Pittosporum Pittosporum tobira (Thunb.) Ait. ‘Compacta’ Low 
Potentilla; shrubby 

cinquefoil; golden 
hardhack 

Potentilla fruiticosa L. ‘Gold star’ Low 

Scarlet firethorn Pyracantha coccinea M. J. Roem. ‘Mohave’ Low 
Rhododendron Rhododendron L. x chionoides ‘Chionoides’ Moderate 
Rosebay; great laurel Rhododendron maximum L.  Low 
Arrowwood Viburnum dentatum L. ‘Chicago luster’ Low 
Walter's viburnum Viburnum obovatum Walt.  Low 
Weigela Weigela florida (Bunge) A. DC. ‘Wine and roses’ Low 
Adam’s needle Yucca filamentosa L.  Low 
Coontie Zamia pumila L.  Low 

 
For more information: 
http://edis.ifas.ufl.edu 
http://edis.ifas.ufl.edu/TOPIC_SERIES_Fire_in_the_Wildland_Urban_Interface 
www.interfacesouth.org 
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ABSTRA62 Wildland urban interface (uvU0 issues are significant for uhan foresters. An analysis of 12 metropolitan 
areas shows that ihe WUI is concentmted in these metro areas relative to the rest of their respective states. 

Introduction 

The interface between wildland vegetation and human settlements holds unique chaltenges for resource management 
(Macie and Hermansen 2002). The signifimnce of the wildland-urban interface (WUI) has grown in recent years because 
the WUI itself has grown. Widespread, rapid housing growth during the 1970s and 1990s' particularly in rural areas 
and on the fringes of urban areas, has created more interface areas (Heimlich and Anderson 2002). This paper 
presents a spatial analysis of the WUI surrounding urban areas in 12 selected metropolitan areas in the U.S. 

Policy makers and fire professionals recognize that the WUI is an area where wildland fire puts homes and people 
at risk (Cohen 1991). The National Fire Plan enacted in 2000 directs resources to communities in the WUI (USDA 
and USDI 2001). While the risk of fire is currently the most high-profile WUI issue, there are other issues of equal 
or greater significance to resource managers such as wildlife habitat loss and encroachment; human-wildlife 
interactions; forest fragmentation; exotic and invasive pests; and potential changes in forest productivity that resutt 
when forested areas become part of the WUI. The scope and seriousness of the WUI issue is still unclear, in part 
because the WUI itself can be defined in many different ways. Research focusing on WUI issues could benefit 
managers by determining where the WUI is currently located, and for this purpose we are working to map and 
analyze the WUI across the United States, and to examine its dynamics over time. 

Mapping the Wildland Urban Interface in tlhe United States 

Our WUI definition follows the Federal Register, and we identify intermix and interface types of WUI (Teie and 
Weatherford 2000; USDA and USDl2001). The two components used here to define the WUI are (a) human presence, 
measured using housing data from the block-level housing unit counts from the decennial censuses; and (b) 
wildland vegetation, assessed with the 199213 National Land Cover dataset (MLCD) (Vogelmann et al. 2001). For a 
given census block to be intermix WUI, it must be 'vegetated' and have more than 6.16 housing unitslkm2 (more 
than 1 house per 40 acres). A census block is 'vegetated' if more than 50 percent of its landcover is classified as 
forest, shrub, native grassland, transitional or wetland. All other census blocks, including those dominated by 
agriculture or orchards, are classified as 'non-vegetated' and are not included in the intermix WUI. lnterface WUI 
does not depend on vegetation within the census block. It must have more than 6.16 housing unitslkm2 and lie 
within 2.41 4 km (1.5 miles) of an area (made up of one or more contiguous Census blocks) that is at least 75 percent 
'vegetated' and larger than 5 km2 (1,325 acres). Using these criteria, we find that the WUI is widespread across the 
country, covering almost 10 percent of the land base in the lower 48 states and encompassing 37 percent of all homes. 
In some eastern states, lands classified as WUI make up more than half the total land area in the state. Western 
states have smaller proportions of their land classified as WUI, but well over the majority of the homes are located 
within its boundaries. Intermix WUI is concentrated in the East, South, and Midwest; interface is more typical of the 
West, though New York and Pennsylvania have extensive interface, too. 

The WUI tends to be concentrated in and around metropolitan areas, and suburban WUI is widespread and a major 
component of the entire WUI in each state. While ctty centers are too densely settled to reach the 50 percent 
vegetation threshold, the wide ring of suburban and exurban areas surrounding urban centers is often part of the 
WUI. Our analysis of 12 metropolitan areas (i.e., cities plus surrounding areas, as designated by the Census Bureau ) 
across the U.S. shows that in each, the percentage of the land base classified as WUI is greater than that in the rest 
of the state (table 1). This holds true across the country; despite major regional differences in the character of the 
WUI, its area is always concentrated in metropolitan areas. For example, in Atlanta, 54 percent of the land area is 
classified as WUI, while across the rest of Georgia, just 19 percent of land is in the WUI. The proportion of homes in 
the WUI is more mixed across these metropolitan regions, with only 4 of the 12 metropolitan areas having a higher 
percentage of their homes in the WUI than their respective states. Looking again at Atlanta, 52 percent of homes are 
in the WUI, while 55 percent of homes across the rest of the state are in the WUI. 
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Conclusion 

The WUI is defined as the area where houses and wildland vegetation meet or intermingle. These conditions are met 
in many cities and suburbs, especially in those neighborhoods built in recent decades under zoning regulations 
requiring large lots, catering to home buyers who want more space. The work urban foresters have done to establish 
and maintain urban forests, their efforts to teach developers how to preserve existing vegetation, and the trend 
toward maintaining open space in and around housing developments are all reflected in the current size of the WUI. 
The consistent preference Americans express for living in small towns (Brown et al. 1997) and their abilrty to act on 
that preference are manifested in the extent of the WUI. A house in the WUI is a mainstay of the 21 st Century 
American dream. 

The concentration of the WUl in metropolitan areas suggests that urban foresters and wildland resource managers 
must both address WUI issues. The extent of the Wl in metropolitan areas is a sign that urban foresters are making 
cities greener, more pleasant and healthier places to live. But with this success comes a need to face the particular 
challenges associated with the WUI. Fire, wildlife management, forest health, and many other issues must be dealt 
with in the rich social context of growing urban and subuhan communities. 

Table 1. The Wildland -Urban Interface (WUI) in Mebopolitan Regions and in the Remainder of the State 

Area of Wl buses in WUI 

Metro and State Metro Remainder Metro Remainder 
of State of State 

..................................... Percent------------------------------------- 

Atlanta, GA 54.3 19.0 52.3 55.4 

Austin, TX 30.5 4.5 69.5 25.7 
Boston, MA1 76.0 60.5 47.1 67.5 

Chicago, IL' 5.9 1.8 8.4 4.7 

Denver, CO 10.2 2.2 34.0 61.5 

Jacksonville, FL 31.1 17.8 40.4 25.7 

Los Angeles, CA 21.7 6.7 28.6 48.6 

Phoenix, AZ 6.1 2.5 43.4 71.7 

Portland, OR1 10.6 2.8 32.8 52.2 
Salt Lake City, UT 2.9 1.3 41.6 68.7 

San Diego, CA 22.2 6.8 50.9 40.8 

Seattle, WA 25.2 7.1 35.7 63.4 

Note. US Census Bureaudejgnated standard areas were used to define metros. 
I .  These metropoJ&n areas exke~d beyond one sfate, and counties in adjacent states were exduded. 
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Abstract. The wildland–urban interface (WUI) is the area where houses meet or in-
termingle with undeveloped wildland vegetation. The WUI is thus a focal area for human–
environment conflicts, such as the destruction of homes by wildfires, habitat fragmentation,
introduction of exotic species, and biodiversity decline. Our goal was to conduct a spatially
detailed assessment of the WUI across the United States to provide a framework for scientific
inquiries into housing growth effects on the environment and to inform both national policy-
makers and local land managers about the WUI and associated issues. The WUI in the
conterminous United States covers 719 156 km2 (9% of land area) and contains 44.8 million
housing units (39% of all houses). WUI areas are particularly widespread in the eastern
United States, reaching a maximum of 72% of land area in Connecticut. California has the
highest number of WUI housing units (5.1 million). The extent of the WUI highlights the
need for ecological principles in land-use planning as well as sprawl-limiting policies to
adequately address both wildfire threats and conservation problems.

Key words: fragmentation; housing growth; urban sprawl; urbanization; wildfire; wildland fire;
wildland–urban interface.

INTRODUCTION

Urban and suburban development in or near wildland
vegetation poses a major threat to the environment
(Johnson 2001). Housing development causes habitat
loss and fragmentation (Theobald et al. 1997), threatens
wildlife populations (Soulé 1991), and results in bio-
diversity declines (McKinney 2002). It has been esti-
mated that .50% of all federally listed threatened and
endangered species in the United States are in peril due
to urbanization (Czech et al. 2000). These problems
are of particular concern in the wildland–urban inter-
face (WUI), where homes and associated structures are
built among forests, shrubs, or grasslands.

The WUI has received considerable attention be-
cause of recent increases in both the number of struc-
tures destroyed and the area burned annually by wild-
land fire (NIFC 2004). It is in the WUI where protection
of structures from wildland fires is most challenging
(Cohen 2000, Winter and Fried 2001) and where hu-
man-caused fire ignitions are most common (Cardille
et al. 2001). Human-caused fires burned 43% of the
record-setting 34 083 km2 that were burned in the Unit-
ed States during the 2000 fire season (NIFC 2004). In
2003, over 4200 homes in the United States were de-
stroyed by wildland fires, nearly all of them during the
October fires in southern California, resulting in more

Manuscript received 9 September 2004; revised 4 November
2004; accepted 6 November 2004. Corresponding Editor: G. H.
Aplet.

5 E-mail: radeloff@wisc.edu

than two billion U.S. dollars in damages (NIFC 2004).
The wildland fire threat to houses was one major im-
petus for new, and highly controversial, U.S. legislation
purportedly aimed at restoring forest health, which fo-
cuses on reducing fuel loads (Service 2003). Housing
development in the WUI is thus of concern both for
wildland fire issues (Covington 2000) and for conser-
vation in general (McKinney 2002).

Housing growth in the United States has been strong
in recent decades. During the 1990s, 13.6 million new
housing units were built in the United States (13%
growth). Americans’ affinity for rural settings (Sullivan
1994, Brown et al. 1997) has increased development
in exurban and rural areas (Theobald 2001, Hansen et
al. 2002, Radeloff et al. 2005). A significant portion
of new development occurs at low and medium density
and tends to be more dispersed, thus affecting a larger
area per housing unit when assuming a disturbance
zone with a fixed radius around each house (Theobald
et al. 1997, Hammer et al. 2004). Furthermore, housing
growth is particularly high in areas that are rich in
natural amenities (Johnson and Beale 1994), such as
forests (Radeloff et al. 2005), lakes (Radeloff et al.
2001, Schnaiberg et al. 2002), and seashores (Bartlett
et al. 2000), or are adjacent to protected areas (Rasker
and Hansen 2000). As development pressure mounts
in the WUI, environmental problems associated with
it may increase.

Despite the significance of the WUI both in the cur-
rent debate on fire policy and fuel treatment, and for
environmental quality in general, empirical data on its
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extent and location are lacking. Our goal was to con-
duct a spatially detailed national assessment of the WUI
across the conterminous United States. By doing so,
we wanted to provide a framework for scientific in-
quiries into the effects of housing growth on the en-
vironment and to inform both national policymakers
and local land managers about the WUI and associated
issues.

METHODS

WUI definition and assessment

Our approach to mapping the WUI was based on an
existing WUI definition published in the Federal Reg-
ister (USDA and USDI 2001), which we applied across
the conterminous United States using fine-resolution
housing density and land cover data in a Geographic
Information System (GIS). The WUI definition in the
Federal Register was developed to identify communi-
ties at risk in the vicinity of public lands. According
to this definition, ‘‘the Wildland–Urban Interface is the
area where houses meet or intermingle with undevel-
oped wildland vegetation’’ (USDA and USDI 2001).
Areas where houses and wildland vegetation intermin-
gle are referred to as intermix WUI. Developed areas
that abut wildland vegetation are characterized as in-
terface WUI. Although this definition was developed
in conjunction with wildland fire policy, it does not
explicitly account for differences in fire risk.

Assessing the WUI requires detailed data on housing
density. According to the Federal Register definition,
WUI areas must contain at least 6.17 housing units/
km2 (or 1 house/40 acres). No maximum housing den-
sity is set. We analyzed housing unit counts from the
U.S. 2000 decennial census at the census block level.
As defined by the U.S. Census Bureau, a housing unit
may be a house, an apartment, or a mobile home, and
can be occupied or vacant; thus, seasonal homes are
included (U.S. Census Bureau 2002). Housing unit
counts represent a complete enumeration. Census
blocks are generally delineated based on physical fea-
tures, such as roads and rivers. Blocks vary in size; the
median size is 0.01 km2 and the maximum reaches 2700
km2 in areas with no housing units.

In addition to housing density, the WUI assessment
required fine-resolution vegetation data. We derived
vegetation information from the U.S. Geological Sur-
vey (USGS) National Land Cover Data (NLCD), which
represents classified 30-m resolution Landsat TM sat-
ellite data from 1992 for the 48 conterminous states of
the United States (Vogelmann et al. 2001). We defined
as wildland vegetation the following land cover classes:
coniferous, deciduous, and mixed forest; shrubland;
grasslands/herbaceous; transitional; and woody and
emergent herbaceous wetlands. Excluded from wild-
land vegetation were low- and high-intensity residen-
tial, commercial/industrial, orchards/vineyards, pas-
ture/hay, row crops, small grains, fallow, urban/rec-

reational grasses, bare rock/sand/clay, quarries, open
water, and perennial ice/snow. Using a GIS, we cal-
culated the housing density and percentage of wildland
vegetation for each census block.

The Federal Register definition distinguishes be-
tween intermix and interface WUI. Intermix WUI is
defined in the Federal Register as an area above a
threshold of 6.17 housing units/km2 that is dominated
by wildland vegetation. We set the threshold for wild-
land vegetation at 50% of the terrestrial area of a given
census block. Interface WUI is characterized by the
Federal Register definition as developed areas in the
vicinity of wildland vegetation. Thus, we mapped as
interface WUI all census blocks above 6.17 housing
units/km2 that contained ,50% wildland vegetation,
but were within 2.4 km of an area that is heavily veg-
etated (.75% wildland vegetation) and larger than 5
km2. The 2.4-km distance follows the recommendation
of the California Fire Alliance (2001) and represents
an estimate of the distance a firebrand can fly ahead of
a fire front. If a census block was only partially within
the 2.4-km distance, then the census block was split,
and only the portion within 2.4 km was included as
interface. We set a minimum-size threshold at 5 km2

for the areas that are heavily vegetated to avoid in-
cluding residential areas that are within 2.4 km of small
urban parks.

Sensitivity analysis

Our WUI assessment was heavily based on thresh-
olds, which were mostly set by the Federal Register
definition. We thus conducted a sensitivity analysis to
test the robustness of the estimates of WUI area and
WUI houses. Thresholds for housing density, intermix
vegetation, and the interface buffer distance were in-
creased by 100% or decreased by 50%; land cover
classes used to identify wildland vegetation were pro-
gressively reduced to ultimately include only forests.

The minimum housing density threshold of 6.17
housing units/km2 in the Federal Register definition
was both doubled (12.34 housing units/km2) and halved
(3.09 housing units/km2) in the sensitivity analysis. The
minimum wildland vegetation threshold required for
intermix WUI was 50% for our national assessment.
In the sensitivity analysis, we tested both a 25% and
a 75% minimum wildland vegetation threshold. The
maximum buffer distance for interface WUI in the na-
tional assessment was 2.4 km, which was both doubled
(4.8 km) and halved (1.2 km) in the sensitivity analysis.
The land cover class list used to define wildland veg-
etation in the national assessment was reduced to two
levels in the sensitivity analysis. The ‘‘upland’’ sce-
nario excluded woody and emergent wetlands from the
full list of wildland vegetation classes. The ‘‘forest’’
scenario included only coniferous, deciduous, and
mixed forest as wildland vegetation classes. Potential
interactive effects among these variables were exam-
ined via minimum and maximum WUI estimates. The
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FIG. 1. The wildland–urban interface (WUI) in 2000 in (A) the conterminous United States, (B) the San Francisco Bay
area, (C) North Carolina, and (D) New Hampshire. Housing density figures are as follows: very low, .0–6.17 housing units/
km2; low, 6.17–49.42; medium, 49.42–741.31; and high, .741.31 (USDA and USDI 2001).

minimum WUI estimate represents a housing density
threshold of 12.34 housing units/km2, an intermix veg-
etation threshold of 75%, an interface buffer distance
of 1.2 km, and only forest vegetation classes. The max-
imum WUI estimate represents a housing density
threshold of 3.09 housing units/km2, an intermix veg-
etation threshold of 25%, an interface buffer distance
of 4.8 km, and the original set of all wildland vegetation
classes.

RESULTS

Across the conterminous United States, the WUI
covers 719 156 km2 (9.4% of the land area) and con-
tains 44 348 628 housing units (38.5% of all housing
units). All 48 states contain WUI areas, but the eastern
United States has the greatest extent, especially in
northern Florida, the southern Appalachians, and coast-
al areas of the Northeast (Fig. 1A in the Appendix; data

are publicly available online).6 Major WUI areas are
also located along the West Coast, the Colorado Front
Range, southeast Texas, and the northern Great Lakes
States. WUI is common at the fringe of major metro-
politan centers such as Los Angeles, San Francisco
(Fig. 1B), Seattle, Denver, Dallas, Atlanta, Washington
D.C., New York, and Boston. WUI is also widespread
in rural areas without major metropolitan centers that
are rich in natural amenities, such as the Sierra Nevada
foothills (Fig. 1B), the northern Great Lakes States,
southern Appalachia (Fig. 1C), and rural New England
(Fig. 1D).

State-level analysis shows that the number of homes
in the WUI in a single state reaches up to 5.1 million
(California), and the WUI land area up to 55 280 km2

6 ^http://www.silvis.forest.wisc.edu/projects/WUI Main.
asp&
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FIG. 2. WUI characteristics at the state level: (A) WUI area as a percentage of total land area, (B) WUI housing units
as a percentage of all housing units, (C) percentage of the WUI area that is intermix WUI, and (D) percentage of WUI houses
that are in intermix WUI.

(North Carolina). At the state level, the proportion of
land area in the WUI reaches 72.4% (Connecticut), and
the maximum proportion of housing units in the WUI
is 83.5% (New Hampshire). WUI area by state shows
a strong east–west gradient, with the highest propor-
tions in the East (Fig. 2A). The proportion of homes
in the WUI is high in both the East and the West. In
the Midwest, ,25% of homes are found in the WUI
because wildland vegetation is not as common in these
agriculturally dominated states (Fig. 2B). Extensive
metropolitan areas also tend to limit the proportion of
a state’s homes in the WUI even though the absolute
number of homes in the WUI can be high (e.g., Cali-
fornia).

When we break the WUI into its two components,
intermix accounts for the majority of WUI area na-
tionally (80.7%; Fig. 2C). Interface WUI is commonly
limited to a ring separating non-WUI urban centers
from outlying intermix areas (Fig. 1B). However, in-
terface WUI does not occur around all urban centers,
as illustrated by its absence around cities of the South-
east (Fig. 1C). Across the conterminous United States,
housing units are almost evenly split between interface
and intermix WUI (53.4% vs. 46.6%) partly because
housing densities are higher in the interface. In most
southeastern states, WUI housing units are predomi-
nantly in intermix WUI (Fig. 2D). Interface WUI is
more common in western states, occupying up to a third
of the WUI area and containing up to two-thirds of the
WUI houses.

Sensitivity analysis

Results of the sensitivity analysis show that the WUI
assessment is fairly robust (Table 1). Major changes in

single variables (e.g., 1100%, 250%) generally result
in ,50% change in WUI area or WUI housing units.
The only exception to this rule is California, where
WUI houses decline by 88% if wildland vegetation is
limited to forests, and shrublands are excluded. How-
ever, given the high frequency and intensity of fire in
chaparral communities, shrublands must be included in
any realistic definition of wildland vegetation.

In all three states, WUI area is most sensitive to the
housing-density threshold. The number of WUI hous-
ing units is most sensitive to changes in the buffer
distance that defines interface WUI (California, New
Hampshire) or the intermix vegetation threshold (North
Carolina). Under the maximum WUI scenario (Table
1), both WUI area and WUI housing units increase by
up to 60%, and even under the minimum WUI scenario,
there are 384 000 housing units in the WUI in Cali-
fornia. The ranking of the states in terms of their WUI
area and WUI houses remains constant across all sce-
narios, suggesting that the general spatial pattern, for
example, of more abundant WUI in the East as com-
pared to the West, are not an artifact of the WUI def-
inition that we employed.

DISCUSSION

Housing development in or near wildland vegetation
is widespread: about one-tenth of the area and one-
third of the housing units of the conterminous United
States are located in the WUI. The pervasiveness of
the WUI has immediate relevance in the current U.S.
debate on wildland fire, fuel treatments, and the res-
toration of fire dependent forest ecosystems (Covington
2000, Service 2003). The WUI is where wildland fires
destroy the most structures when fuels and weather are
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TABLE 1. Changes in the wildland–urban interface (WUI) area and WUI housing units in California, North Carolina, and
New Hampshire, USA, in response to changes in the WUI definition thresholds tested in the sensitivity analysis.

Variable

California

Area
(1000s
km2)

Houses
(100 000s

housing units)

North Carolina

Area
(1000s
km2)

Houses
(100 000s

housing units)

New Hampshire

Area
(1000s
km2)

Houses
(100 000s

housing units)

Federal Register definition† 29.3 50.9 55.3 23.2 9.6 4.5

Housing density
.3.09‡ 41.1 51.4 74.0 24.1 13.5 4.6

.12.34 20.7 50.1 33.5 21.3 5.9 4.1

Intermix vegetation
.25% 30.7 58.0 62.8 27.9 9.7 4.6
.75% 28.6 49.0 47.5 20.6 9.5 4.4

Interface distance
,4.8 km 33.0 74.7 59.3 28.3 9.7 5.2
,1.2 km 26.4 35.2 52.3 19.8 9.4 3.9

Wildland vegetation
Upland only† 29.1 50.5 45.4 18.8 9.4 4.0
Forest only† 10.0 6.2 44.8 18.5 9.4 4.0

Minimum WUI† 4.6 3.8 5.0 2.8 5.0 2.8
Maximum WUI† 46.5 79.1 83.1 28.1 13.6 5.4

† See Methods: WUI definition and assessment for definition.
‡ Housing units per km2.

conducive to fire (Covington 2000) and where human-
caused fire ignitions are most common (Cardille et al.
2001). The southern California fires of 2003 highlight-
ed the devastating effects that wildland fires can have
in WUI areas. Yet, these fires, despite setting records,
burned only a small portion of the WUI of southern
California, leaving extensive areas of the WUI at risk
for future fires. This emphasizes the magnitude of the
task that is at hand and suggests that sprawl-limiting
policies may have to be paired with fuel treatments to
substantially lower the fire threat to homes in the long
term.

When interpreting our results with respect to fire, it
is important to remember that the Federal Register WUI
definition we used is a general one and does not assess
wildland fire risk specifically. For example, WUI areas
in southern California that are dominated by chaparral
communities with short fire-return intervals are perhaps
the most prone to fire of all WUI areas in the United
States. (Minnich 1983, Keeley et al. 1999, Fried et al.
2004). Conversely, WUI areas in New Hampshire that
are located in mesic hardwood forests are much less
likely to experience wildland fire (Fig. 1D; Foster and
Zebryk 1993). In addition to fire frequency, WUI areas
differ in their fire regimes (e.g., frequent but low-
intensity surface fire vs. infrequent but catastrophic
crown fire) depending on weather patterns, vegetation
structure, fuel loads, and topography (Heinselman
1981). And whether a home will burn in the event of
a wildfire will depend on its building materials (e.g.,
cedar shingles vs. sheet-metal roofing), landscaping
features, and accessibility to firefighting equipment
(Cohen 2000). Our WUI assessment needs to be inte-

grated with spatially detailed data on these factors to
estimate fire threat in the United States WUI. Such data
are not yet available across the United States, but we
have conducted a fire threat ranking for smaller regions
(Haight et al. 2004).

The WUI assessment also raises broader issues that
reach beyond wildland fire. Numerous case studies
show that housing in or near wildland vegetation (and
correlates, such as human populations and roads) have
profound effects on biodiversity and ecosystems, and
that these effects are largely negative (McKinney
2002). Areas with high housing and road densities ex-
hibit lower populations of neotropical migrant birds
(Friesen et al. 1995, Cam et al. 2000, Kluza et al. 2000),
wolves (Mladenoff et al. 1995), and other large car-
nivores (Rasker and Hackman 1996). Species richness
of butterflies (Blair 1999), birds (Clergeau et al. 1998,
Germaine et al. 1998), and mammals (Joly and Myers
2001) is lower where human population density is high.
Accordingly, the number of endangered species tends
to be higher where human activities are more prevalent
(Czech et al. 2000, Sechrest et al. 2002).

At the landscape scale, housing development is a
major cause of habitat loss and fragmentation (Theo-
bald et al. 1997, Swenson and Franklin 2000, Radeloff
et al. 2005), due in part to new roads built to access
homes (Hawbaker and Radeloff 2004). Fragmentation,
in turn, causes local extinction and biodiversity de-
clines by reducing the size of habitat patches and of
remnant populations (Andrén 1994).

However, not all species decline in response to hous-
ing growth. Both human commensals and exotic spe-
cies may thrive in the WUI (Allen and O’Connor 2000,
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Johnson 2001, Langton et al. 2001, Odell and Knight
2001). During construction, habitat conditions favor
disturbance-adapted species, and subsequent landscap-
ing around houses often introduces exotic plant species
to neighboring ecosystems (Suarez et al. 1998, Pysek
et al. 2002). The facilitation of exotic species spread
is one of the major processes through which humans
affect ecosystems (Vitousek et al. 1997).

There is ample evidence that WUI housing profound-
ly affects the environment, yet much of what we know
about the impacts of housing development has been
learned by studying environmental response along ur-
ban-to-rural gradients (McDonnell and Pickett 1990).
Our results suggest the need for additional research
focused on the dispersed housing development typical
of intermix type WUI, which covers an extensive and
growing area of the U.S. Human–environment conflicts
in the WUI are likely to increase in the future, espe-
cially if past housing-growth trends continue in rural
areas that are rich in natural amenities (Theobald 2001,
Hammer et al. 2004, Radeloff et al. 2005). Given these
problems, the WUI should be a focus of national dis-
cussions on natural resource issues and policies. The
pervasiveness of the WUI highlights the value of pro-
tected areas, and the need to quickly identify and secure
priority sites for conservation in the face of strong
development pressure in rural areas. In addition, our
results highlight the importance of extending conser-
vation efforts to private lands (Norten 2000), and in-
tegrating ecological principles in land-use planning
(Broberg 2003) and zoning decisions to maintain key
habitats and the corridors that connect protected areas.
Solving both wildfire and conservation problems will
require landscape-level planning across ownership
boundaries, and a broad vision for the future of wild-
lands and rural areas.
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APPENDIX

A table showing the amount and the relative abundance of wildland–urban interface (WUI) area and WUI houses (both
in the intermix and the interface WUI type) in each state of the conterminous United States is available in ESA’s Electronic
Data Archive: Ecological Archives A015-020-A1.
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Introduction

The structure of neighborhood organizations can encourage resident participation in a range of activities,

which suggests that neighborhood organizations may be one of the more effective ways to involve

people in adopting wildfire preparedness actions. Examples of neighborhood organizations include

homeowner associations, neighborhood councils, and volunteer fire departments. Using established

neighborhood organizations potentially offers several advantages over forming new groups or working

with service and church-based organizations, social groups, and sport clubs. This has been recognized

by a growing number of government agencies, nonprofit organizations, and fire departments that are

working with neighborhoods to promote wildfire preparedness (Boura 1998, McGee and Russell 2003,

NWCG 1998). This research project was designed to learn about the role neighborhood organizations

play in helping people reduce their wildfire risk. Results show these groups are a readymade physical,

social, and political entity capable of playing that important role. 

In this paper we present insights developed in interviews with leaders of the local neighborhood

organizations and employees of community fire departments and forestry agencies to learn about wildfire

prevention efforts and the role of neighborhood organizations in these efforts. The interviews showed

tremendous diversity in neighborhood organization membership structure, functions, dues and budget,

and wildfire preparedness activities offered. These characteristics were examined to identify possible

relationships with the willingness of neighborhood organizations’ to participate in wildfire preparedness

activities. 

Key Findings

We interviewed individuals in six communities that had WUI neighborhoods at risk of wildfire, a history

of fire within the region, and a history of wildfire education and outreach efforts. The study communities

included Anchorage, Alaska; Bastrop, Texas; Berkeley Township, New Jersey; Colorado Springs,
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Colorado; Ormond Beach/Volusia County, Florida; and Spearfish, South Dakota. Findings from the

interviews highlight several areas that may help resource managers work with neighborhood organizations

and develop effective programs within their jurisdictions. 

• Working with neighborhood organizations can be one of the best ways for resource managers

to reach residents and extend agency outreach.

• Neighborhood organizations can help model fire mitigation behavior for community members.

• There is no one-size-fits-all neighborhood organization; instead these organizations fit the

character of the people and the place. Managers need to adjust their approach to fit the

local organization’s characteristics.

• Wildfire preparedness activities cannot be explained by an organization’s resources, mem-

bership, or budget. 

• Leaders who are networked with other groups may be the key to increased preparedness

activities. Identifying active neighborhood leaders and providing opportunities for recognition

can greatly increase the effectiveness of outreach efforts.

• Managers can support local fire mitigation efforts by providing resources and technical

assistance to neighborhood organizations.

• Open communication facilitates the process. Managers need to work to create, maintain,

and support good lines of communication.

Detailed Findings

Working with neighborhood organizations can be one of the best ways for resource managers to

reach residents and extend agency outreach efforts. Neighborhood leaders mentioned many pre-

paredness activities, but educating homeowners and creating efficiencies by supporting group projects

were the major activities undertaken. Basic wildfire preparedness activities conducted by neighborhood

organizations ranged from disseminating information in newsletters and Web sites to having fire depart-

ment and Firewise representatives speak or show a video at meetings. More comprehensive programs

included activities such as holding chipping/mulching events, working on common areas to reduce

wildfire risk, and scheduling special events to educate residents, e.g., fairs, picnics, and school programs.

In several cases, communities provided cost-sharing grants or equipment to the neighborhood organi-

zations to facilitate the chipping/mulching events and common area cleanups. 

Other types of advanced preparedness activities included creating demonstration areas around homes,

assisting residents with evacuation planning, holding workdays to assist elderly and disabled residents,

and forming a committee to address wildfire preparedness. In some neighborhood organizations, leaders
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reviewed covenants and regulations to determine if they contributed to wildfire risk. They worked to

make changes either in their own covenants or at the community level in the areas of roofing material,

vegetation clearing, and slash burning. Two neighborhood organizations enforced their covenants to

require noncomplying homeowners to manage overgrown vegetation and replace wood-shake roofs. 

Some neighborhood organizations contacted government agencies about reducing wildfire risk on

adjacent lands through prescribed burning or mechanical vegetation removal. Bob Bendlin and Jim

Mozo, officers with the 200-home Plantation Pines Homeowners Association (Volusia County, Florida)

have established strong relationships with Ormond Beach and Volusia County fire departments and The

Nature Conservancy. In addition to attending local government-sponsored Firewise training workshops

and meetings, the two men helped coordinate a prescribed burn on adjacent public lands that included

outreach to neighborhood residents. Said Bendlin, “We felt it was important to educate residents so

they understood why we were doing the burn and what effects they could expect from it. Reactions

from residents have been favorable for the most part. The one person who complained moved.” Bendlin

and Mozo also convinced residents in the rural subdivision to pay for the installation of horizontal

hydrants to improve firefighting capabilities. Recently, they worked with fellow residents to convince

the fire department to locate a new station next to their subdivision on a donated parcel of land.

Neighborhood organizations can help model fire mitigation behavior for community members.

The type and frequency of social events offered by neighborhood organizations do not suggest a strong

relationship with their proclivity to undertake wildfire preparedness activities. At the same time, social

networks do seem to play a role in wildfire preparedness. Several of the interviewees from more active

neighborhood organizations commented that residents who see neighbors remove vegetation or take

other preparedness actions are often inspired to do the same. The Texas Forest Service and Bastrop

Volunteer Fire Department worked with Pine Forest and Tahitian Village neighborhood associations to

organize two mulch festivals for residents. According to Mike Norman, Chief of the Bastrop Volunteer

Fire Department, “During the second festival, chippers went around to peoples’ properties, ground the

vegetative debris, and left the chips for homeowner use. The chipping was supposed to be done in two

weekends. Residents saw their neighbors clearing vegetation and decided they needed to do the same.

It ended up taking 2 months to do all the chipping.”  

In Hunters Ridge (Volusia County, Florida), board members and association staff worked hard to

reduce their wildfire risk in several common areas located within the 400-home subdivision. Ken

Duvall, president of the homeowners association, explained, “We trimmed trees, cleared brush, and

removed all highly flammable types of vegetation such as palmettos, replacing it with less flammable

species. In addition to reducing wildfire risk, we want to set a good example for residents since we are

encouraging them to do the same.” The association made the common area cleanup a priority and was

able to fund cleanup and planting costs within their budget. 
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There is no one-size-fits-all neighborhood organization that is best to work with; instead these

organizations fit the character of the people and the place. Characteristics such as size, membership

type, and budgets do not matter in selecting neighborhood organizations to work with. Managers need

to adjust their approach to fit the local organization’s characteristics. They need to talk to leaders to

determine what priority wildfire preparedness may have and to identify possible barriers to adopting

preparedness behaviors. Learning about each neighborhood organization’s structure, communication

system, demographics, and social norms will be helpful in assessing resource and information needs

and developing effective messages.

Neighborhood organizations in this study include homeowner associations, community councils, vol-

unteer fire departments, and neighborhood block clubs. The number of homes in each neighborhood

ranges from 15 to more than 1,000. Membership types include mandatory, voluntary, or mandatory

with a grandfather clause for residents that pre-dated formation of the association. Membership dues

for these organizations range from $25 to more than $1,000 per year. Some neighborhood organizations

secure additional funds through voluntary assessments, fund-raising events, and grants. 

Annual operating budgets vary considerably depending on the services provided. Neighborhood

organizations that provide infrastructure elements such as road building and maintenance, water systems,

and fire protection tend to have larger budgets and typically hire part- or full-time staff. Other functions

performed by neighborhood organizations include reviewing and controlling architecture/landscape

actions, enforcing codes and covenants, providing social opportunities, operating recreational facilities,

solving neighborhood problems, educating homeowners about important issues, and representing the

neighborhood in the larger community. 

Activities common to almost all neighborhood organizations include holding general membership and

board meetings, organizing social events, and communicating with other entities. Frequent interactions

have occurred with government agencies, fire departments, and umbrella organizations (e.g., coalition

of homeowner associations) on issues such as zoning, subdivision infrastructure, wildfire preparedness,

neighborhood schools, and adjacent developments. Several of the neighborhood organizations have

some type of internal neighborhood communication system. According to Bill Bomberg, president, the

Mountain Plains II Homeowner Association (Spearfish, South Dakota) is especially effective at commu-

nicating with its members: 

We probably communicate more than anyone, we try to keep information out in front of

people. We have up to 75 percent of the homeowners’ e-mail addresses so if anything needs

immediate attention, we’ll go ahead and put out an e-mail. If the information can wait,

then we put it out in a newsletter every 2 months. If it’s something important, we have a
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calling tree. We’ve used it for rationing water when levels in the tank were low and could

use it if we’re threatened by fire.

Wildfire preparedness activities cannot be explained by an organization’s resources, membership,

or budget. Our review suggests that the size, membership type, and budget of a neighborhood

organization do not have a significant effect on the type and number of wildfire preparedness activities

conducted. The more active groups vary widely in their structures, ranging from one organization with

less than 50 voluntary members run by volunteer officers with a small budget to another with several

hundred mandatory members run by paid staff

with a more substantial budget. 

Neighborhood organizations that provide infra-

structure services tend to be among those more

actively involved in wildfire preparedness. It is

possible that the officers and staff of those organi-

zations view wildfire preparedness as similar to a

service such as fire protection. The Circle D Civic

Association (Bastrop, Texas) encompasses 460 homes

and provides road maintenance and paving,

architectural review and control, maintenance of

two common areas, and neighborhood represen-

tation on issues such as endangered species and

unexploded Army ordinance. Tammy Pickering,

office manager of the Circle D Civic Association,

explained, 

The association is closely intertwined with the volunteer fire department. We lease the fire

station to the VFD for $1 per year and contributed an addition on the building and money

for trucks. Ten dollars of every assessment goes to the fire department. We work closely with

the VFD to help homeowners with wildfire mitigation and give fire department officials

time at every board meeting.

Leaders who are networked with other groups may be the key to increased preparedness activities.

Identifying active neighborhood leaders and providing opportunities for recognition can greatly

increase the effectiveness of outreach. Identifying neighborhood organization leaders who will

champion the cause of wildfire preparedness is an important place to start. The most obvious leaders

are officers or committee members. Other potential leaders include residents with a personal interest

Board members cleaned up
vegetation in common areas
and around their Florida club-
house to reduce wildfire risk
and demonstrate a firewise
landscape to the community.
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in the issue such as environmentalists (e.g., members of The Nature Conservancy or Audubon), people

with a related occupation (e.g., firefighters), or residents with previous wildfire or home fire experiences.

Managers can obtain contact information for neighborhood leaders from property appraisers, planning

and zoning departments, fire departments, and areawide councils of neighborhood associations. If

neighborhood organization officers do not appear to be the most appropriate contacts for working on

wildfire preparedness, they may be helpful in identifying residents who would be willing contacts.

Bill Robertson and Richard Randall, officers with Top of Skyway Homeowner Association (Colorado

Springs, Colorado), are examples of neighborhood leaders that act as champions. A wildfire risk map

produced by the Colorado Springs Fire Department helped them realize their neighborhood was at

high risk of wildfire. “We want to be responsible homeowners and were naturally drawn to the topic

of wildfire preparedness,” Robertson said. “We put our civic hats on and decided to get our association

involved,” Randall added. The two worked frequently with the Colorado Springs Fire Department to

organize a neighborhood meeting that featured a fire department speaker and traveling Firewise trailer,

set up a home demonstration site to show vegetation removal, and obtained material for their association

newsletter. They also organized a cleanup. A neighborhood survey they conducted showed a very

positive reaction to the Firewise initiative.

Recognition programs for neighborhood leaders who effectively champion wildfire preparedness

increase local awareness of wildfire preparedness actions, provide positive feedback to participants,

and help to establish a social norm of increased wildfire preparedness. The Colorado Springs Fire

Department started a program to recognize neighborhood leaders that promoted wildfire preparedness

in their subdivisions. The neighborhood champions receive awards and media recognition for their

efforts. Kathy Prudhomme with the Colorado Springs Fire Department noted, “The recognition program

has been very well received and seems to help motivate other neighborhood leaders to act as champions.”

Another opportunity for recognition is the national Firewise program. Neighborhoods can elect to

participate in the program and if they meet the criteria of the program, they will be certified as

Firewise communities (www.firewise.org). 

Managers can support local fire mitigation by providing resources and technical assistance to

neighborhood organizations.

A number of helpful wildfire preparedness resources and ideas for technical assistance identified during

the interviews are useful to consider when developing a neighborhood outreach program. Many of the

government agencies and fire departments in the study made staff available to assist neighborhoods

with presentations at meetings, hazard assessments and evaluations, and evacuation planning. These

agencies also helped neighborhoods plan vegetation removal/cleanup events (sometimes offering
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incentive grants), conduct demonstration sites at neighborhood homes, and review covenants and

regulations pertaining to wildfire preparedness. Resources provided to neighborhood organizations

include articles for their newsletters; wildfire preparedness checklists or assessment tools; videos; and

brochures, magnets, posters, and demonstration site signs.

Open communication facilitates the process. Managers need to work to create, maintain, and

support good lines of communication.

Study results suggest that creating and maintaining good communication with neighborhood leaders

helps foster more wildfire preparedness activity at the neighborhood level. Contacting neighborhood

organization leaders several times a year will engage them and encourage them to use available resources.

The degree of internal and external communication occurring within neighborhood organizations also

appears to have a bearing on how active these organizations are in conducting wildfire preparedness

activities. Neighborhood organization leaders who communicate regularly with both members and outside

entities act as champions for issues such as wildfire preparedness. They use personal conversations,

phone trees, e-mail messages, Web sites, and newsletters to create awareness, educate members, and

galvanize them to take action. These individuals readily seek outside expert assistance from fire

departments, government agencies, and others to enhance their efforts. 

Methods

We selected six communities that had WUI neighborhoods at risk of wildfire from nearby forested

wildlands (public or private) and a history of fire within the region. In addition, State forestry agencies

and fire departments that serve the six study sites had implemented wildfire education and outreach

with a number of the local neighborhoods. The study communities include Anchorage, Alaska; Bastrop,

Texas; Berkeley Township, New Jersey; Colorado Springs, Colorado; Ormond Beach/Volusia County,

Florida; and Spearfish, South Dakota. Within each of the six communities, four to six geographically

defined neighborhoods were identified with assistance from local fire department personnel and State

forestry agency staff. Each neighborhood is located in the WUI around a community. Some have formal,

functional neighborhood organizations and some do not. The neighborhoods also differ in the amount

of wildfire prevention education they received, ranging from none to considerable. 

Interviews were held from October 2003 to May 2004. Across the six communities, 27 interviews were

carried out with officers and staff from neighborhood organizations. Three interviews were conducted

with volunteer fire departments that effectively functioned as neighborhood organizations. An additional

14 interviews were held with fire department personnel and government agency staff. 
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One interview guide was prepared for neighborhood organization officials and staff with qualitative and

quantitative questions. The first section contained qualitative questions designed to elicit open-ended

responses. Questions were asked about:

• History and activities of the organization

• Neighborhood layout, lot sizes, average home prices, and number of developers 

• Fire risk to the neighborhood including fuel treatments

• Fire preparedness activities specific to the neighborhood

• Social capital within the neighborhood; “Social capital refers to those stocks of social trust, norms,

and networks that people can draw upon to solve common problems” (Sirianni and Friedland

2005)

• Interactions with government agencies.

The other section included quantitative questions about the structure of the organization and neighbor-

hood demographics: membership requirements, meetings and meeting attendance, officers, elections,

planning efforts, operating budget, staff, newsletters, active block clubs or crime watch groups, number

of homes and lots in the neighborhood, and age of the development.

The second guide was developed for interviews with fire department personnel and agency officials. It

contained questions about the types of actions taken to promote wildfire preparedness within the general

community and specifically with the residents of the study neighborhoods, fuels treatments carried out

near the study neighborhoods, and general background data on fire departments serving the area.

Additional questions were asked about study neighborhoods without an association to determine the

approximate number of homes and undeveloped lots present and a description of the development. 

Literature Review—Neighborhood Organizations as Outreach Partners

The structure of neighborhood organizations encourages resident participation in a range of activities,

which suggests that neighborhood organizations may be one of the more effective ways to engage people

in adopting wildfire preparedness actions.  Examples of organizational structures include homeowner

associations, neighborhood councils, and volunteer fire departments. Using established neighborhood

organizations potentially offer several advantages over forming new groups or working with service

and church-based organizations, social groups, and sport clubs. This finding has been recognized by a

growing number of government agencies, nonprofit organizations, and fire departments working with

neighborhoods and neighborhood organizations to promote wildfire preparedness (Boura 1998,

McGee and Russell 2003, NWCG 1998). 
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Neighborhood organizations represent a physical, social, and political entity. Each neighborhood is a

limited territory within a larger urban area where people inhabit dwellings and interact socially. As a

territory, a neighborhood is a physical place that others can visualize in terms of structures, streets, and

natural features. To residents, their neighborhood has a distinct appearance that they use to differentiate

themselves from other neighborhoods (Hallman 1984). Residents vary considerably in perceptions of

fire mitigation measures such as creating defensible space (Nelson et al. 2004, 2005; Vogt et al. 2003).

How they view their neighborhood may influence their perceptions of these measures. At the same

time, having the same physical territory in common can facilitate participatory opportunities such as

organizing a cleanup mulching event or a work day to clean out common areas, or addressing a neigh-

borhood concern such as insufficient evacuation routes.

In addition to being an objective reality, a neighborhood is a subjective entity. Informal neighboring

activities, travel patterns, status and bonds of race, religion, or social class are among the factors that

shape how each resident perceives his or her personal neighborhood identity (Hallman 1984). Residents

may have strong social ties, particularly if they live in a neighborhood populated by strong racial, ethnic,

or socioeconomic groups. Neighborhoods may also contain residents who hold conflicting values over

various issues (Hallman 1984, Perkins et al. 1996, Sampson et al. 2001). Being aware of this information

can help community officials and fire protection departments tailor their messages to each neighborhood

(McKenzie-Mohr and Smith 1999, Mileti et al. 2004, Tierny et al. 2001). These characteristics will also

come into play as neighborhood organizations address the wildfire threat in ways that meet their specific

needs. 

Because many neighborhoods are relatively homogeneous, most of their residents have similar behavioral

norms and values. These might include common expectations of house upkeep, yard care, use of yards,

level and timing of noise, and acceptability in terms of displaying wealth and other status symbols

(Hallman 1984). Much of the process of communicating neighborhood values and norms occurs infor-

mally within the family, neighbor-to-neighbor, or through peer groups (Hallman 1984, Sampson et al.

2001). The communication process helps residents confirm information they receive from outside

sources. These values and norms influence behavior as residents see neighbors creating defensible space

and doing other wildfire preparedness activities (McKenzie-Mohr and Smith 1999, Rogers 1995).

Neighborhoods also have more formal channels of communication including newsletters, newspapers,

posters, e-mail listservs, and phone trees. The informal and formal communications process forms the

nerve system of the neighborhood community. This communication process can help foster acceptance

of responsibility for reducing the wildfire threat because residents will be more likely to personalize a

message when they receive it via multiple channels and see others taking action (Mileti and Fitzpatrick

1992, Milieti et al. 2004, Rohrmann 1999). 
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Neighborhood organizations are a political entity. Governance can range from informal self-governance

over a few aspects of neighborhood life to full-scale self-governance. The neighborhood can be a base

of political action for dealing with local governments or function as an interest/advocacy group for

wider representation in those domains (Berry et al. 1993, Hallman 1984, Thomson 2001). The issues

they tackle often range widely. Regular or annual meetings can be used to provide wildfire education

to residents or to discuss how the members of the organization want to address wildfire preparedness

(NWCG 2004). Communities may find it easier to approach and work with neighborhood organizations

on wildfire preparedness issues because they have previously established relationships (Kruger et al. 2003,

Tierny et al. 2001). Conversely, residents may find the ties useful for obtaining information and assistance

with activities such as mulching events and common area cleanup projects. Residents look to their

neighborhood to provide protection of values, properties, and personal safety, which may be accomplished

through homeowner associations, volunteer fire departments, crime watch groups, or hired security

patrols (Hallman 2004). Some neighborhoods are involved in providing services such as overseeing

home construction oversight and constructing and maintaining open spaces, facilities, and roads (Berry

et al. 1993, Hallman 1984, Thomson 2001). In some cases, neighborhood organizations may have

restrictive covenants that prevent or discourage wildfire preparedness activities such as creating defen-

sible space. The neighborhood organization can work alone or with the community to make regulations

more favorable (NWCG 2004).
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WILDLAND /URBAN INTERFACE 
"WATCH OUT" SITUATIONS 
 

"REFERENCE FIRELINE HANDBOOK 
CHAPTER 1, PAGE 9" 

 
STRUCTURE TRIAGE GUIDELINES 
 
Firefighter safety is the primary consideration 
when evaluating whether a structure can be 
protected.  There are three categories of structures: 
 
• Those that are not threatened. 

 
• Those that are threatened and have the 

potential of being saved. 
 

• Those that are not able to be saved and too 
dangerous to protect. 

 
Factors to consider during structure triage: 
 
• FIREFIGHTER SAFETY 

 
• Safety Zone Availability (is there time to 

prepare a safety zone?) 
 

• Proximity of the fuels and predicted flame 
length to structure (no defensible space). 
 

• Position on slope relative to fire spread. 
 

• Fire behavior and intensity (the greater the 
intensity, the wider the defensible space 
needed). 
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• Flammability of roof and siding (wood roof 
and siding, vinyl siding, along with inadequate 
defensible space may make structure 
impossible to protect). 
 

• Timing and available resources (not having 
time to position resources or lack of resources 
to protect structure). 

 
An attempt to save a structure may be 
unsuccessful or too dangerous if: 
 
• There is no safety zone and refuge available. 

 
• There is no place to park engine safely. 

 
• Fire is making a sustained run and there is 

little or no clearance. 
 

• Fire behavior is extreme:  spot fires are 
numerous and out pacing control. 
 

• Water supply will not last as long as the threat. 
 

• Fire's intensity dictates you leave the area 
NOW. 
 

• Roof is more that ¼ involved. 
 

• Fire inside structure, windows broken, and 
windy conditions. 
 

• You cannot safely remain at the structure and 
your escape route could become not longer 
safe to use. 

 
If a structure becomes well involved, leave it and 
move on to one that can be saved. 
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STRUCTURE ASSESSMENT 
CHECKLIST 
 
Address/Property Name 
 
• Numerical street address, ranch name, etc. 

 
• Number of residents on site 
 
Road Access 
 
• Road surface (paved, gravel, unimproved, dirt) 

 
• Adequate width, vegetation clearance and 

safety zones along road 
 

• Undercarriage problems (4x4 access only) 
 

• Turnouts and turnarounds 
 

• Bridges (load limits) 
 

• Stream crossings (approach angle, crossing 
depth and surface) 

 
• Terrain (road slope, location on slope-near 

chimneys, saddles, canyon bottom) 
 

• Grade (greater than 15%) 
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Structure/Building 
 
• Single residence or multi complex, out 

building (barn, storage) 
 

• Does building have unknown or hazardous 
materials?  
 

• Exterior walls (stucco or other non-
combustible, wood frame, vinyl, wood shake) 
 

• Large unprotected windows facing heat source 
 

• Proximity of any aboveground fuel tanks 
(LPG, propane, etc.) 
 

• Roof material (wood shake, asphalt, non-
combustible) 
 

• Eaves (covered with little overhang, exposed 
with large overhang) 
 

• Other features (wood deck, wood patio cover 
and furniture, wood fencing) 

 
Clearances/Exposures/Defensible Space 
 
• Structure location (narrow ridge, canyon, mid-

slope, chimney) 
 

• Adequate clearance around structure-minimum 
of 100' (steeper the slope the more clearance 
required) 
 

• Surrounding fuels (larger, denser the fuels, the 
more clearance required) 
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• Flammable fuels (trees, ladder fuel, shrubs) 
adjacent to structure (is there time for 
removing these fuels?) 
 

• Other combustibles near structure (wood piles, 
furniture, fuel tanks) 
 

• Is there adequate clearance around fuel tank?  
 

• Power lines or transformers (DO NOT park 
under lines) 

 
Hazardous Materials 
 
• Chemicals (Look for DOT/NFPA/UN 

symbols) 
 

• Pesticides and herbicides 
 

• Petroleum products 
 

• Paint products 
 
Water Sources 
 
• Hydrant/standpipe (When connecting with 

hydrant, be aware of flow rate and gpm output, 
size and venting capability of engine or water 
tender may not be able to handle hydrants with 
high flow and gpm rates.) 
 

• Storage tank 
 
• Swimming pool 
 
• Hot tub 
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• Fish pond 
 
• Irrigation ditch 
 
Evacuation 
 
• Is safe evacuation possible?  (Identify safe 

refuge for those who cannot be evacuated.) 
 

• Coordinate with on-scene law enforcement 
and emergency services personnel. 

 
Estimated Resources for Protection 
 
• Number(s) and type(s) of engines, water 

tenders, crews, dozers (General Guidelines:  
one engine per structure, one additional engine 
for every four structures to be used as "back-
up" and for patrol.  For structures that are 
close together (50' or less), one engine may be 
adequate to protect two structures. 
 

• Type and number of aircraft available. 
 

STRUCTURE PROTECTION 
GUIDELINES 
 
DO NOT enter a structure unless you are trained, 
equipped, and authorized.  If safe, a structure can 
be used as refuge.  Firefighter safety and survival 
is the number one priority.  Supervisors must keep 
in close communication with those you supervise 
and adjoining forces in the area. 
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Equipment Placement 
 
• Identify escape routes and safety zones and 

make them known to all crew members. 
 

• ALWAYS STAY MOBILE and wear all of 
your PPE. 
 

• Back equipment in for quick escape. 
 

• Mark entrance to long driveways to show that 
protection is in place (very important when 
structure can not be seen from road). 
 
- Multiple ribbons at end of drive on street 
 
- Ribbon/flagging across drive entrance 
 
- Sign 
 
- Other pre-determined signal 

 
• Park in a cleared area (watch for overhead 

hazards). 
 

• Protect your equipment (park behind structure, 
placing structure between equipment and fire 
front; be aware of spot fires occurring behind 
you). 
 

• Watch for hazards (drop-offs, pot holes, 
above-ground fuel storage, chemicals, septic 
tanks). 
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• Keep egress route clear: 
 
- park extra equipment on street 
- keep hose off driveway 

 
• Have an engine/crew protection line charged 

and readily available. 
 

• DO NOT make long hose lays. 
 

• Try to keep sight contact with all 
crewmembers. 

 
Water Use Guidelines 
 
• Keep at least 100 gallons of water reserve in 

your tank. 
 

• Top off tank at every opportunity; use garden 
hose. 
 

• Draft from swimming pool, hot tub, and 
fishpond. 
 

• STAY MOBILE.  Do not hook up to hydrant 
except to refill tank.  (Hydrant may not always 
work if system is electric powered and power 
is lost in area.) 
 

• CONSERVE WATER, avoid wetting down an 
area. 
 

• Apply water only if it controls fire spread or 
significantly reduces heating of structure being 
protected. 
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• Keep fire out of the heavier fuels. 
 
• Extinguish fire at its lowest intensity, not 

when it is flaring up. 
 

• Knock down fire in the lighter fuels. 
 

• Have enough water to last duration of main 
heat wave and to protect crew.  

 
Class A Foam Use Guidelines 
 
• Direct Attack - apply to base of flame. 

 
• Indirect Attack - lay out wet line and burn out. 

 
• Apply to structure (roof and siding) 10-15 

minutes before fire arrives. 
 
Preparing Structure 
 
• Determine if residents are home (legal 

responsibility for evacuation lies with law 
enforcement).  If residents remain on-scene, 
advise them to use structure if it’s safe to do so 
as refuge when fire arrives.  
 

• For roof access, place owner's ladder at a 
corner of structure on side with least fire threat 
and away from power drop. 
 

• Clean roof of leaves, needles, and any other 
combustible materials. 
 

• Cover vents and air conditioning unit on roof. 
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• Remove and scatter away from structure: 
 

- over-hanging limbs. 
 
- ground/ladder fuels to prevent fire from 

moving into the crowns. 
 
- wooden fences and wood piles near 

structure. 
 

• Clear area around above-ground fuel tank, 
shutting off tank. 
 

• Place combustible outside furniture inside 
structure. 
 

• Close windows and doors, including garage, 
leaving unlocked.  AS A LAST RESORT, 
YOU MAY NEED TO USE STRUCTURE 
AS REFUGE. 

 
• Have garden hose(s) charged and place 

strategically around structure for immediate 
use. 
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