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Foreword

1%t Fire Behavior and Fuels Conference:
Fuels Management—How to Measure Success

Patricia L. Andrews, Conference Chair

he 1% Fire Behavior and Fuels Conference: Fuels Management—How

to Measure Success was held in Portland, Oregon, March 28-30, 2006.
The International Association of Wildland Fire (IAWF) initiated a conference
on this timely topic primarily in response to the needs of the U.S. National
Interagency Fuels Coordinating Group (www.nifc.gov/fuels).

Fuels management programs are designed to reduce risks to communities
and to improve and maintain ecosystem health. The conference addressed
development, implementation, and evaluation of these programs, with a focus
on how to measure success. The scope included not only the how to, but also the
what and why of fuels management.

The 500 conference participants represented a wide range of organizations,
disciplines, and countries. The conference program included workshops, invited
speakers, oral and poster presentations, panels, and vendor displays.

Rather than having a single keynote speaker set the tone for the entire confer-
ence, each day began with invited speakers who presented a range of viewpoints.
Topics included a broad view of fire as it relates to other “disasters,” fire as an
ecological process, and fuels management policy and direction of U.S. federal
agencies, Canada, Australia and New Zealand, and Europe.

Panels addressed two key topics: “Wildland fire use: it’s not just for wilder-
ness anymore” and “How do we define success in fuels management?”

About 250 people took advantage of the optional pre-conference workshops.
They attended several of the 10 workshops that described and demonstrated
computer systems, models, and methods that can be used in support of fuels
management. The short workshops showed how to get additional information,
publications, and computer programs.

In addition to the seven invited speakers, there were 151 presentations (97
oral and 54 poster). Presenters described their research and experience on
topics including

modeling, risk assessment, and decision support systems,
fuel characterization and mapping,

fuel treatment and prescribed fire,

fire ecology and fire effects,

economics and biomass utilization,

communication and collaboration, and

case studies.

Sixty-five of the presenters elected to submit a paper for the published pro-
ceedings. Some of the papers will also be in a special issue of the International
Journal of Wildland Fire. Titles and authors of presentations without papers are
listed in the appendix to give an indication of the scope of the conference.
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The published proceedings is a partial record of the conference content. An
important element was the interactions and sharing of information that occurred
outside of the formal presentations. Many of those who responded to the after-
conference survey listed “networking” as one of the most valuable aspects of
the conference. They noted the mix of managers, researchers, academia, prac-
titioners, and policy makers. The field of fuels management will undoubtedly
benefit from the many personal contacts made at the conference.

Special thanks are owed to the steering committee, who formulated the
structure of the conference, and to the conference organizing committee,
who planned and implemented details of the conference. The conference was
a success due to the contributions of dedicated individuals.

Conference Chair:

e Patricia L. Andrews, USDA Forest Service, Rocky Mountain Research
Station, Fire Sciences Lab, Fire Behavior Research, Missoula, Montana

Conference Co-chair:

e Elizabeth Reinhardt, USDA Forest Service, Rocky Mountain Research
Station, Fire Sciences Lab, Fire Ecology and Fuels Research, Missoula,
Montana

Steering Committee:

¢ Dick Bahr, National Interagency Fuels Coordination Group, National
Park Service

e Jack Cohen, Fire Behavior Research, RMRS Missoula Fire Sciences
Lab

e Lynn Decker, The Nature Conservancy, Global Fire Initiative

* Nathalie Lavoie, British Columbia Ministry of Forests and Range

e (Carol Miller, Aldo Leopold Wilderness Research Institute, RMRS, Mis-
soula

e Steve Taylor, Canadian Forest Service

Conference Organizing Committee:

e Bret Butler, Fire Behavior Research, RMRS Missoula Fire Sciences Lab

e Michelle Ekstrom, State of Montana

e Bill Gabbert, IAWF Executive Director

e Dan Jimenez, Fire Behavior Research, RMRS Missoula Fire Sciences
Lab

e Matt Jolly, Fire Behavior Research, RMRS Missoula Fire Sciences Lab

e Ed Mathews, Fire Ecology and Fuels Research, RMRS Missoula Fire
Sciences Lab

e Mikel Robinson, University of Montana, Continuing Education

* Jen Schimmenti, The Nature Conservancy

¢ Diane Trethewey, Fire Behavior Research, RMRS Missoula Fire Sciences
Lab

e Paul Woodard, IAWF officer, University of Alberta
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Be a Change Agent and Change the Strategy

Jerry Williams?

I was invited to speak at this conference on the subject of disasters and the
relative importance of wildfires because of the breadth of my experience. The
fact that I currently manage a flight school gives me an outside perspective
of wildland fire and fuels management.

I have spent a fair amount of time in wildland fire and disaster management.
This experience has been in the management of incidents, and in training
others to manage incidents. My experience includes wildfires (I quit counting
at 600), floods, blizzards, hurricanes, tornados, volcanoes, earthquakes and
disease epidemics. I was even on a cruise ship that sank, and my wife and I
ended up managing the triage and recovery center.

Disasters have been around since man was there for the event. By UN defi-
nition, a disaster is “A natural or human-caused event, which causes negative
impacts on people, goods, services and/or the environment, exceeding the
affected community’s capability to respond.”

Over time, events that would not have been disasters, or even emergencies,
are now major catastrophes. The increase in world population, the movement
of this population to vulnerable areas, has created a situation where 100’s
of thousands of people die, and 100’s of billions of dollars are incurred in
response, relief and reconstruction. This results in an on-going cycle of di-
sasters. Around the world, disasters are a growth industry. At any one time
there are as many as 40 major relief efforts by US government agencies and
non-governmental organizations.

Hundreds of thousands of people on the African continent are dying from
AIDS. Millions are dying from civil wars. Millions more are about to die
from starvation and disease.

Every year in Bangladesh, 100 thousand children under the age of 5 die
from diarrhea. Every day 700 die from malnutrition. I spent 6 weeks in
Bangladesh at a research hospital working on a training program for NGO’s
on the prevention and treatment of diarrheal disease in disasters.

No one knows for sure how many died from the South Asia Tsunami but
the number is probably well over 300 thousand.

The death toll from Katrina is still not known and the damages will be in
the billions of U.S. dollars. An impact of Katrina and the Florida hurricanes is
that the re-insurers are telling the underwriters to cancel policies on structures
built on the beaches and outer banks. Allstate just last week announced the
cancellation of more than 22 thousand policies in Massachusetts alone.

There is also a worldwide attitude that “the government will take care of
me.” An Arizona Daily Star (March 22,2006) AP article told of a California
homeowner who cancelled his earthquake insurance because it was too high,
saying that he is going to rely on the government to take care of him.

USDA Forest Service Proceedings RMRS-P-41. 2006.
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Be a Change Agent and Change the Strategy

These major events make the news and some stay in the media focus for
months or years. A large wildland fire might stay on the radar for a week or
two and then disappear. Hurricane Andrew is still referred to, and Katrina
and the Tsunami will be in the news for many years to come.

In the world of disasters, wildfires are a passing thing. Since 1871, the
death toll from wildfires is less than 3400. There is no count on structures
lost, but then, how many have burned off of the same foundation more than
once?

Sixty years ago, we suppressed fires to protect the renewable resources
that we were managing for the products they produced, and the economies
they supported. Foresters were the good guys in the white hats. The Forest
Service was described in management books as a great example of manage-
ment excellence.

We said fire in the forest was bad. The most successful ad campaign in
history put our symbol in everyone’s brain. All hail Smokey.

Then the situation changed. Foresters were not able to continue the cultural
practices the land needed. We learned a great deal about the effects of fire
thanks to some great researchers. So now we said fire was natural and good.
The drip torch brigades were on the march.

Then a bunch of folks lost their homes from our “prescribed” fires. The
system went awry. But since we thought we were still the good guys in the
white hats, we said, “Hey, we’re from the government and we know what
is best.” The public has lost trust in the government to do the right thing
in a disaster. Another impact of Katrina and the Florida hurricanes is that
the American public now has no trust in the ability of their government to
respond in disasters. A recent media survey indicated only 15 percent had
any confidence at all (AP, Tucson Citizen, March 3, 2000).

Today houses are wrapped in aluminum foil to protect them from the re-
sults of our actions, or non-actions, over the years. In my opinion, if people
want the experience of living in the woods, they should have an opportunity
to get all of the experience. Just as the wilderness hiker has the opportunity
to be eaten by a grizzly, maybe the wildland homeowner should have the
opportunity to get burned up.

We have fire managers that are afraid to fight fire aggressively. The courts
and the agencies have put in “rules of engagement” that make an Incident
Commander (IC) think long and hard about taking action. In the old days,
if we had two firefighters and a couple of tools, we set an anchor point and
started making line. If we were lucky we had some C-rations and maybe a
ham and cheese sandwich that the ladies in the office made and sent out.
We didn’t have TV and foosball and movie set catering services in our fire
camps. The idea that a fire boss would wait ten days to establish an anchor
point and start building line just baffles me. And you know what, the public
knows this too.

Those big air tankers full of money sure do make good clips on the evening
news but somebody has to still build line.

There is a well known axiom of management, “If you do things the way
you have always done them, you will get the results you have always gotten.”
Ifyou like sitting in the office doing those Environmental Impact Statements
(EIS) and all the other stuff you do, don’t change a thing. Otherwise, it’s
time to find a new approach and a new horse to ride. When the insurance
companies stopped paying for burned down buildings in Boston and Butte,
the urban renewal stopped. When the insurance companies stopped paying
for blown down houses in the Caribbean, the people started following the

USDA Forest Service Proceedings RMRS-P-41. 2006.



Be a Change Agent and Change the Strategy

building codes to build new ones. The same thing is happening in Florida
and now the Gulf Coast.

In Latin America, the West Indies and the South Pacific, business and
government are working together to reduce the risk of disaster by eliminating
hazards where possible and really focusing on reducing vulnerability. The best
results have been obtained at the individual and community levels.

The Fire Safe Councils and Firewise programs are a good start but they
need a bigger stick to wield. A recent article in the Arizona Daily Star (March
5,20006) about a Firewise effort said “It would be heartbreaking to see one
homeowner’s effort be overcome by a neighbor who didn’t participate in
Firewise.”

Instead of asking for money for Public Relations programs, ask for positive
action. The insurance companies, the banks and lenders, the power compa-
nies, all have a financial interest in reducing the losses due to wildfires. They
need to support the enforcement of strong codes for location and construc-
tion of structures in fire prone areas. After the fires on Mt. Lemmon near
Tucson, Arizona, Pima County wrote new codes and guides for construction
in wildland areas. The insurance companies are supporting the effort by not
paying for reconstruction and not reinsuring structures, or their contents,
that do not meet the codes.

These financial institutions also have an interest in good land management
using the best cultural practices. You can’t lobby congress, but they can, and
they do. If every local insurance agent and lender went to company meetings
and pushed for corporate action, action will happen. These companies have
tremendous political and economic power. I know this from my work with
the insurance companies and lenders in the aviation industry.

The world of general aviation, where I am, is changing dramatically. Tech-
nology that was only available to the military and airlines is now available in
virtually every small airplane. I have a new Cessna 172 trainer coming next
week that has the latest in glass cockpit technology. This is the same technol-
ogy that’s in the most sophisticated commercial jets. And, soon to be at an
airport near you are the small personal jets.

The Federal Aviation Administration, that large monolithic agency made
of stone, has great concern that this technology is overwhelming the average
pilot and causing accidents. And they are correct. They could not do their
usual approach of writing regulations to make something happen, but the
insurance companies could, and have, with minimum qualification training
and recertification requirements for insurance coverage.

The FAA has proposed a whole “new” approach to reduce the risk of
general aviation accidents. And it is not regulation. We are going to change
the way we teach people to fly. The FAA has asked me to develop a whole
new course of instruction using a lot of the techniques we learned in the
wildland fire training program during the past 30 years. We have already
started implementing the use of scenario based training and advanced avia-
tion training devices.

The insurance companies are a key player in this effort with the require-
ment for pilots to be recertified annually to fly complex aircraft. I have been
meeting with the major aviation underwriters this past month and we are
beginning to do insurance company recertifications using the same strate-
gies. They reward the pilot and business that have risk reduction programs
and increase rates on those that do not. I have had an 18% reduction over
the past two years.

USDA Forest Service Proceedings RMRS-P-41. 2006.
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Be a Change Agent and Change the Strategy

The following is a review of my thoughts in the form of some brief
statements:

1.

5.

6.

We created this situation with our fire suppression success and loss of
management options.
The traditional PR programs (e.g., Smokey Bear) are not working.

. A new approach to risk reduction is needed and the government isn’t

going to be able to make it happen.

The public understands the economics and options of high insurance
costs and premium breaks.

The folks at the local level ultimately have the power to make something
happen. The lenders and the insurers have to take action.

A change is needed and you have to make it happen.

There are a lot of very creative folks in the wildland fire business. Quite
frankly, it’s time for you to get oft your bureaucratic backsides, become change
agents, and get on with it. I’'m going home and change the way people learn
to fly airplanes. What are you going to change?

USDA Forest Service Proceedings RMRS-P-41. 2006.



U.S. Federal Fuel Management Programs:
Reducing Risk to Communities and Increasing
Ecosystem Resilience and Sustainability

Tim Sexton!

There is no doubt that wildland fuel conditions on large portions of federal
wildlands in the United States have changed significantly over the last 100
years. The changes include:

Increased density of woody species

Artificial fragmentation of fuel mosaics

Exotic species invasions

Structural changes which reduce ecosystem resilience to fire

Fire suppression, especially in plant communities which evolved with fre-
quent fire, has allowed fuel to accumulate to levels far above what would have
existed without fire suppression. The fire suppression era also contributed
to forest densification. Many more stems of living shrubs and trees occupy
landscapes today than would have existed without fire suppression. Forest
densification tends to predispose areas to insect and disease mortality, further
loading up the dead fuel mass.

Roads, farms, cities and other human developments have broken up fuel
mosaics. Fragmented fuels inhibit fire spread and contribute to fuel accu-
mulation.

Exotic species such as cheat grass, phragmites, salt cedar (tamarisk), and
others have added to live fuel mosaics or even completely replaced previous
plant communities. Many exotics (such as those listed above) are much more
flammable than the native species that would otherwise occupy sites. The
increased flammability has resulted in larger and more damaging wildfires
in these invaded areas.

Logging, grazing and other human activities have altered plant community
structure and composition. In many cases the new structure is more suscep-
tible to fire damage and/or more flammable. Small trees are fire-killed more
readily than large trees and provide a more effective “ladder” for a surface
fire to climb into the crowns.

Last, but not least, social changes in the United States have caused a huge
change in the potential consequences of wildfires. Homes, infrastructure, and
public use have become embedded in these altered, volatile fuel mosaics.

The last twenty years have witnessed a significant increase in large, costly
wildfires which have damaged natural resources and improvements on public
and private lands. A great deal of scientific research points to increases in
wildland urban interface, fuel accumulations, alteration of species composi-
tion, and changes in plant community structure as principal reasons for these
costly, damaging wildfires.

The National Fire Plan and associated initiatives have provided a framework
for managing fuels to reduce impacts from wildfire. The primary five federal
agencies with wildland fire management responsibilities (US Forest Service,
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Bureau of Land Management, National Park Service, Bureau of Indian Affairs,
and US Fish and Wildlife Service) are coordinating efforts to manage fuels.
The National Interagency Fuels Coordination Group (NIFCG) with represen-
tatives from these five federal agencies has been tasked to coordinate federal
strategies for mitigating wildfire hazards through fuel treatments. NIFCG
is currently composed of Dennis Dupuis (BIA), Erik Christiansen (BLM),
Dick Bahr (NPS), John Segar (USF&W), and Tim Sexton (USES).

I encourage you to engage these agency representatives when you have is-
sues with national policy rather than simply complain to your counterparts.
We need to know how our efforts are working. You need to tell us. We have a
website which can be accessed through the National Interagency Fire Center
home page. This website is intended to be a resource for keeping the field
informed on our actions and proposed changes to our business.

The primary goal of federal wildland fuel management is to reduce the
unwanted impacts from wildfire, including threats to public safety, suppres-
sion costs, damage to natural and cultural resources, and damage to public
and private improvements. It must be clear that we are not trying to reduce
the number of acres burned by wildfire. In fact, we will likely facilitate an
increase in acres burned by unplanned ignitions. Wildland Fire Use and less
aggressive attack on many suppression-objective wildfires present opportuni-
ties for suppression cost savings, reduced exposure of firefighters to hazards,
and reductions in hazardous fuel.

The federal wildland fire agencies have agreed on several key action areas in sup-
port of the goal to reduce impacts from wildfires. These action areas include:

e aligning federal fuels management policies, practices, and procedures
e prioritizing fuel treatments which:

o have been identified as key components of Community Wildfire Protec-
tion Plans,

o provide by-products for local economies and energy production,

o reduce hazard on a landscape scale, and

o are cost-effective

e cxpanding wildland fire use as a means of treating fuels

¢ providing support for development and deployment of technologies (such
as LANDFIRE and associated planning tools) for facilitating planning
and implementation of fuel reduction projects

e managing ecosystems so that they are resilient to disturbance and sus-
tainable in the goods and services which they provide to the American
Public

e development of a work force which has the capacity and the capabilities
to strategically manage fuels to obtain the greatest reduction in impacts
from wildfire

Successes

In fiscal year 2005 more than 4 million acres of hazardous fuel were
treated on USDA and USDI lands. We recognize that gross area treated is
not a particularly good indicator of progress toward the goal of reducing
unwanted impacts from wildfire. However, it zs a good indicator of our in-
creasing capability to implement treatments. We believe that LANDFIRE will
enable us to develop metrics which will correlate more closely with progress
toward our goal.

10 USDA Forest Service Proceedings RMRS-P-41. 2006.
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We have many accounts of wildfires which were contained or where com-
munities were prevented from burning by the fuels treatments accomplished
since the National Fire Plan was developed.

In July 2004, the Waterfall Fire, near Carson City, Nevada burned over
8,700 acres. Fifteen homes were destroyed. However, many times that num-
ber were saved due to reduced fire behavior in fuel treatment areas on BLM
lands adjacent to subdivisions.

Recently, the February Fire on the Tonto National Forest in Arizona was
contained at about 4,200 acres due, in part, to a recently completed fuel
treatment area. Post fire review indicated that the containment opportunity
afforded by the fuel treatment area contributed to protecting many homes in
the fire area including one owned by Mike Johns, US Attorney and frequent
defender of us in fire-related litigation.

In October 2004 on the Eldorado National Forest, the Fred and Power
Fires burned over 20,000 acres near the communities of Kyburz and Silver
Fork, California. Fuel treatment areas in the wildland urban interface enabled
firefighters to protect all homes in these communities.

One of the best examples of successtul fuel treatment is the Cone Fire
which burned on the Blacks Mountain Experimental Forest in northern
California in 2002. This fire burned through several well documented fuel
treatment areas, enabling comparisons of burn severity related to treatment
type and intensity.

While these are impressive accomplishments we need to do more. We
continue to see many examples of urban interface and intermix in extremely
vulnerable fuel conditions. Beyond the WUI, we see extensive areas of overly
dense forests; cheat grass-invaded rangelands, and watersheds which have been
lett to develop multi-story flammable conditions. Historically, an average of
over 25 million acres burned annually from wildfire on lands that are now
managed by these agencies in the coterminous United States. Some national
analyses have suggested that we need to double our efforts in order to make
significant progress in reducing the impacts of wildfire. Other analyses indicate
that strategic placement of treatments might achieve that same significant
progress with much less area treated.

We have had a few failures along the way. In early 2006 the US Forest
Service has experienced two large, damaging escaped prescribed fires. In
January, on the Cleveland National Forest, the Sierra Prescribed Fire escaped
eventually burning about 12,000 acres and costing over 7 million dollars to
suppress. In February on the Shasta-Trinity National Forest the Hot Lum
Prescribed Fire escaped burning 3,000 acres and a residence.

We are working hard to determine the reasons for the escapes and any
unit-level or programmatic actions which would prevent additional escapes.
We are using Learning Organization concepts so that we, as an organization,
can benefit from the losses.

Future

What do we need to do to become more effective in managing fuels and
unwanted impacts from wildfire? The NIFCG is working to improve our
organizations and business practices so that we have:

e Increased capacity
o Utilize our agency and partners workforces
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e Increased capabilities
o Skills in using new technology and recently developed science

¢ Internally integrated Fuel and Other Resource management programs
e Logic-based allocation process for prioritizing funds from National to
Regional /State and then to local unit levels
e Improved Collaboration with all stakeholders
e Interagency Fuels Training Strategy
e Enhanced planning skills
o SPOT
LANDFIRE has great promise for increasing our abilities to develop
strategic fuel treatment plans
Treatment longevity
Treatment effectiveness
Treatment cost efficiency
Trade-oft analysis
Smoke management

o

O O O O O

e Focused science needs and delivery
o Risk quantification
o Treatment effectiveness longevity

e Streamlined, “enabling” policies such as might be developed through a
doctrinal approach
e Programs at National, Regional, and local levels which are “opportunistic”

What can you do? Keep current on national initiatives such as LANDFIRE,
FPA, FRCC, the revised ten year implementation plan, and others. Most of
what is initially put forth has room for improvement and thoughttul critiques
are welcome. The most effective improvements will come from field-level folks
who are being asked to implement these initiatives.

In summary, the US federal fuel management policies provide guidance
and support to manage fuels to reduce the unwanted impacts from wildland
fire and to manage plant communities so that they are resilient to disturbance
and can continue to provide the socially-desired goods and services in the
long run.
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Canadian Wildland Fire Strategy: A Vision
for an Innovative and Integrated Approach to
Managing the Risks

Canadian Wildland Fire Strategy Project Management Team!

Abstract—The Canadian Wildland Fire Strategy (CWFS) provides a vision for a new,
innovative, and integrated approach to wildland fire management in Canada. It was
developed under the auspices of the Canadian Council of Forest Ministers and seeks
to balance the social, ecological, and economic aspects of wildland fire through a
risk management framework that emphasizes hazard mitigation, preparedness, and
recovery as well as efficient fire suppression and response. This strategic and holistic
approach is needed to address both the root causes and symptoms of current and
future wildland fire management challenges.

The desired future state advocated in the CWFS consists of communities that are
empowered to enhance their own safety and resilience, forest ecosystems that are
healthy and productive, and wildland fire management agencies that utilize modern
business practices. To foster change in attitudes, policy, and practices, the provincial,
territorial, and federal governments are currently working collaboratively to create
a joint cost-shared program in excess of 1 billion dollars over 10 years to address 4
strategic objectives: (i) pan-Canadian FireSmart initiative, (ii) wildland fire prepared-
ness and response capability, (iii) public awareness and risk and policy analysis, and
(iv) innovation. The underlying tenet is that managing the risks from wildland fire is
a shared responsibility of individuals, stakeholder groups, the private sector, and all
levels of government and therefore requires integrated and cooperative actions.

Introduction

Each summer the news media carry stories of wildfires raging across the
Canadian landscape, threatening our communities, causing evacuations, and
at times burning public and private property. This portrayal of fire as a menace
to society is often accurate but it is only part of the story. In Canada, fire is
nature’s primary way of keeping the wildlands (including forests, grasslands,
and parks) healthy and productive. As a result, policy makers and practitioners
are faced with the complex and difficult task of managing wildland fires so
that their environmental benefits are maximized and simultaneously the risk
to people and property is minimized.

Recognizing that the challenges of today and the future cannot be solved
by simply using the thinking and methods of the past, the provincial, ter-
ritorial and federal governments have worked together under the auspices
of the Canadian Council of Forest Ministers (CCFM) on a new Canadian
Wildland Fire Strategy (CWES). Based on the principles of risk manage-
ment, the CWES will address the symptoms and the root causes of wildland
fire management by modernizing approaches and capabilities. It provides a
comprehensive vision of integrated activities that will increase public safety,
improve the health and productivity of Canadian forests, enhance intergov-
ernmental cooperation, and apply public funds efficiently.
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Fire and Fire Management in Canada

The Role of Fire in Canada’s Forests

Fire has been a very dominant feature in Canada’s forests since the last Ice
Age, particularly in the vast boreal region that stretches from the Yukon to
Newfoundland. Many plant species — such as pine, spruce and birch, to name
just a few — have not only adapted to fire but rely on it for their renewal. Fire
has also created a mosaic of habitat types and ages, which are needed by various
animal species. Wildfires burned freely in most of Canada until the late 19th
century after which European-influenced views of fire and forestry resulted
in policies that sought to suppress all fires. In recent decades there has been
a growing recognition that fire exclusion is neither ecologically desirable, nor
economically possible, to eliminate all fires from our wildlands.

The Risk from Wildfire

Currently in Canada there is an annual average of 8,600 fires that burn
2.5 million hectares, or an area larger than Lake Ontario. Provincial and ter-
ritorial agencies and Parks Canada are world leaders in forest fire suppression,
controlling 97% of all wildfires when only a few hectares in size. But just as
with hurricanes, floods, and tornados, there are times when Mother Nature
presents conditions that make wildfires unstoppable. As more Canadians
live, work, and recreate in or near flammable vegetation, wildfires are pos-
ing an increasing threat to public safety. Over the past 10 years more than
700,000 people have been threatened by wildfires in over 200 communities
—many of which are inhabited by Aboriginal peoples. A recent, vivid example
was in western Canada in 2003, when hundreds of homes were lost, tens of
thousands of people were evacuated, and combined damage and firefighting
costs exceeded $1 billion.

The Looming Crisis

Extensive analysis conducted by federal, provincial, and territorial gov-
ernment officials has found that the vulnerability of people, property, and
natural resources to wildfire has reached an unprecedented level and is pro-
jected to continue to rise rapidly. The main reasons for this include more
frequent and intense fires resulting from severe droughts and climate change;
insect infestations that leave dead and highly flammable forests in their wake;
and the growing number of homes, cottages, businesses and activities located
in or near flammable forests. Meanwhile current wildland fire suppression
capacity is eroding as aircraft, facilities, and equipment age and experienced
firefighting professionals retire. Many believe it is only a matter of time until
another major fire season occurs again in Canada and the greatest concern is
that next time the tragic consequences may include the loss of human lives
as seen recently in other parts of the world.

Moving Forward

Taking a Strategic Approach

To address current and emerging challenges, the CWES recommends
expanding the toolkit available to wildland fire managers to include hazard
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mitigation, preparedness, and recovery programs that complement an efficient
fire suppression and response system. New ways of sharing and managing the
risks are also required.

To put this another way, on a personal level all Canadians, in their daily
lives, face decisions about risks from house fires and how to deal with them.
Some people buy insurance, others purchase smoke detectors, and many
schoolchildren have helped their families plan escape routes from a burn-
ing home as part of a homework assignment. At the community level, local
governments invest in firefighting equipment and the training of firefighters
to stop fires, if possible, before they become devastating. However, perhaps
most important has been the considerable etfort that has gone into creating
building materials that are increasingly fire-resistant and the rigourous use
of building codes that demand high standards of fire protection in the con-
struction of residential homes and office buildings. The principles that have
worked in our homes and communities for house fires can also work in the
Canadian wildlands to reduce the risk from unwanted wildfires.

Action Plan

In October 2005, the provincial, territorial, and federal forestry ministers
signed the CWES Declaration and committed to a shared vision and com-
mon set of principles for wildland fire management in Canada (see www.
ccfm.org). They also agreed to approach their respective governments to
invest over $1 billion dollars over the next 10 years to implement the CWES.
Working with relevant partners and stakeholders, a joint cost-shared program
would target four main initiatives:

(1) pan-Canadian FireSmart activities that empower individuals and com-
munities to directly reduce the risk from wildfire;

(2) improved preparedness and response capability through, for example,
replacement of aging aircraft and equipment, plus a stepped-up recruit-
ment and training program to create the next generation of professional
fire management staff (including extensive capacity building in aboriginal
and rural communities); and

(3) a public awareness campaign about the role of wildland fire and the as-
sociated risks;

(4) innovation that includes the development and application of new science
and technology in support of early warning systems, better predictive
models, and the increased use of prescribed fire.

All of these actions build upon a strong spirit of intergovernmental coop-
eration that has existed in the wildland fire community for many years, and
is evidenced in the thousands of fire fighting resources that are exchanged
among agencies during times of need.

The CWES is an ambitious initiative, but one whose time has definitely
come. At first glance it may appear costly; however, in the face of increasing
threats from wildfires, it is an investment that will avoid escalating costs
and losses in the future. When implemented, the CWES will make Canada’s
wildland fire management policies and programs among the most progressive
in the world — thereby enhancing the safety of Canadians, facilitating forest
sustainability, and ensuring the efficient use of public funds.
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Fuel Management—An Integral Part of Fire
Management: Trans-Tasman Perspective

Jim Gould?

Abstract—Although Australia and New Zealand have quite different fire climates
and fuels, the common understanding of fire behaviour underlies many facets of fire
management in both countries. Fire management is the legal responsibility of various
government land management agencies that manage public lands and individuals,
local governments or corporations that manage private land. Volunteer bushfire/rural
brigades have been formed throughout rural and peri-urban areas and are coordinated
by rural and metropolitan fire authorities for specific activities such as fire suppression
and fuel management. During the last two decades there has been an increasing inter-
action between Australia and New Zealand rural and land management fire agencies
exchanging fire management practices, lesson’s learnt, common incident command
systems and more recently, through partnership in their research programs.

Both countries face a similar array of challenges in meeting their fire management
objectives and the task is becoming increasingly difficult. As overarching services
provided by governments, fire management has been subject to financial pressures,
resulting in staff reductions and erosion of traditional levels of fire management re-
sources. Resources are declining at a time when demands for protection by the general
community are increasing. Concurrently, the demands for ecologically appropriate
fire management practices and concerns about the long-term impacts of prescribed
burning have led to the suggestions that, in some areas, fire is adversely affecting bio-
diversity and long-term sustainability of natural ecosystems. These issues are overlain
by debate about how fire can affect climate change, greenhouse gas balance at the
landscape and national level, and whether such changes are being exacerbated by
managed and/or wildland fires.

Australian Fire Environment

Bushfires have been part of Australia’s environment for millions of years.
Australia’s natural ecosystems have evolved with fire, and the landscapes
and their biological diversity have been shaped by both historical and recent
patterns of fire. Because of the climatic variation across Australia, at any time
of the year some part of the continent is prone to bushfires. Thus, bushfire
occurs throughout Australia, although they may be very infrequent in some
climatic zones, such as those dominated by rainforest or wet eucalypt forests.
In any give year, the greatest extent of bushfires is in the tropical savannas
regions of northern Australia; in some seasons these extend into the semi-arid
and arid interior regions (Luke and McArthur 1978). Table 1 shows area of
Australian burnt between 1997 and 2003 and percentage of total land area
fire affected (Ellis and others 2004).
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Table 1—Approximate fire-affected areas across Australia, 1997 to 20032.

Percentage of fire-

Area Percentage of total affected area that is
Calendar year (million hectares) land area fire affected tropical savanna®
1997 48.3 6.3 86
1998 26.3 3.4 92
1999 60.0 7.8 86
2000 71.5 9.3 65
2001 80.1 10.4 84
2002 63.8 8.3 63
2003 31.6 41 85

a Source: Western Australian Department of Land Information in Ellis and others 2004.
b Defined by the Department of Land Information, Western Australia, for the purposes of monitoring
fire-affected areas, as being the area north of 21°S and east of 120°E.

Planned fires to achieve specific objectives (ecological, fuel reduction, etc)
have been and remain a fundamentally important land management tool
for Australia’s land managers and firefighters. Australians who work with
bushfires- indigenous Australians, farmers and pastoralists, fire fighters, public
land mangers and scientists- recognise that there are good, as well as bad,
bushfires. Good bushfires help to meet land management and fire mitigation
objectives without adverse impacts on people, property or the environment;
bad bushfires threaten lives, property or environmental assets and do so in
ways that are difficult to control (Ellis and others 2004).

Since European settlement nearly 70 percent of Australia has been occupied
by agricultural, forestry and livestock grazing enterprises resulting in the
extensive modification and conversion of forest woodland, open woodland,
shrubland and grassland systems (Thackway and Lesslie 2005). The native
forests cover is classified into three classes by the density of their crown cover
(National Forest Inventory 2001). Thus, there are:

— 118 million hectares of woodland (tree crowns cover 20 to 50 percent of
the land area when viewed from above), including just under 10 million
hectares of woodland mallee;

— 43 million hectares of open forest (51 to 80 percent crown cover), made
up of 38 million hectares of what are commonly called wet and dry
sclerophyll forests and 5 million hectares of open forest mallee; and

— 5 million hectares of closed forest (81 to 100 percent crown cover), made
up of over 4 million hectares of rainforest and almost 1 million hectares
of mangroves.

Most of the woodland and open forest areas of Australia, composed of
fire-dependent and fire-adapted species and ecosystems, have evolved in the
presence of a fire regime driven originally by natural sources of fire ignition
(i.e. lightning) and by cultural practices of aboriginal people. The forests are
a source of raw material for the forest industry, and a source of many tangible
and intangible products and services including recreational and cultural op-
portunities for all Australians. In recognition of these values, forest protection
efforts commenced in the early 1900s, and have steadily developed to the
point where Australian State public land management agencies are recognized
among the world’s leaders in fire management.

Forest fire management in Australia is the responsibility of the State and
Territorial governments. Fire management on public lands (e.g. State forests,
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National parks, State parks, Crown lands, etc.) is the responsibility of the
State agency charged with managing those areas. Fire suppression may be
carried out by individual agencies or placed with one agency, e.g. in Victoria
suppression on all State lands is carried out by the Fire Management Section
of the Department of Sustainability and Environment. Fire management on
private lands is carried out by volunteer bushfire brigades or industry brigades
that are co-coordinated and supported by the State rural fire agencies. In
recent years there has been an increase in the corporatisation of State-owned
plantations and the fire management responsibility for these forests, along
with new plantation forests established on private land, rests increasingly
with the State rural fire authorities. This shift in fire responsibility has mainly
occurred in South Australia and Victoria over the last five years.

Most of the States provide fire management directly as a government service,
generally by the departments that manage lands, forests and other natural
resources. Their fire management programs provide for varying levels of plan-
ning, fuel management (i.e. prescribed burning), detection, pre-suppression
and suppression operations. The level and type of activity in each category var-
ies with each agency’s natural resource polices, protection priorities, financial
resources and, in particular, the ecological and biogeographical conditions
of the forest itself. Consistent with the statutory obligations and policies of
public management agencies, their fire management objectives include:

e Protection of people from bushfire.

¢ Protection of buildings and facilities from bushfire.

¢ Prevention of bushfire burning onto neighbouring property.
Conservation of natural and cultural values including:

- Native plant and animal species, habitats and communities;
- Soil and water resources;

- Scenic and landscape values; and

- Aboriginal and European heritage values.

All agencies deliver an organised detection program. Fire towers are the
most common detection system offering regular surveillance of high-value
areas and community assets. The used of fixed wing aircraft for detection has
increased in the past 15 years. There are recent attempts to use satellite-based
remote sensing as a tool for fire detection.

Suppression strategies use a mix of resources from the land management
agencies with support from rural bushfire authorities. Ground crews using
fire appliances (fire tankers), heavy equipment (dozers) and hand tools are the
backbone of the suppression system. Aircraft for aerial suppression have been
used in Victoria for more than thirty years, and over the past decade other
land management agencies have increasingly used air attack on bushfires.

Different suppression strategies are used by the agencies, which are based
on the nature of the forest and fire regimes that they deal with and, to some
extent, on the organisational philosophy. Some agencies, such as those in
Victoria and Western Australia, have relatively large full-time fire manage-
ment organisations compared to those in other States.

New Zealand Fire Environment

Although not having one of the most severe fire climates in the world,
New Zealand has as a long history of large and damaging wildfires. North-
ern and eastern New Zealand are characterized by a mix of flat and steeply
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divided terrain, occasional drought, strong wind conditions and flammable
grass and scrub fuels. New Zealand climate ranges from subtropical in the
far north to cool temperature in the south, but the steep and divided relief
causes dramatic variation along the length of the country. As frontal weather
systems approach New Zealand, the winds preceding it often reach gale force
and are force to rise over the Southern Alps resulting in hot dry fohn winds
in the eastern part of the South Island. These regions in the South Island
Canterbury Plains can experience extreme fire weather on more than 40 days
per year (Pearce and Majorhazi 2003).

The approximate cover of different land uses in New Zealand is listed in
table 2. Natural and plantation forests cover 23 percent (6.2 million hectares)
and 7 percent (1.8 million hectares) of the New Zealand land area respec-
tively (New Zealand Ministry of Agriculture and Forestry 2005). Areas of
pastures, arable land and other non-forested land (tussock and scrub vegeta-
tion) cover approximately 70 percent (18.9 million hectares). These areas of
tussock and scrub fuels are very flammable, and recent research results show
that extreme fire behaviour will often occur under Low to Moderate forest
fire danger conditions (Fogarty and others 1998).

New Zealand native vegetation consists of species that are not specifically
adapted to fire, but there are xeromorphic elements thought to be adapted to
disturbance from longer term climatic fluctuations. Margins of beech (Noth-
ofngus spp.) and podocarp forest are sensitive to fire and after fire or other
disturbance (e.g. landslides), flammable species (e.g. Leptospermum spp. and
Dracophyllum spp.) invade the site such that the potential for decline and
fragmentation by fire is increased (Fogarty and Pearce 1995).

New Zealand experiences approximately 3,000 vegetation wildfires each
year and these fires are attended by the Department of Conservation, forest
companies or local government Rural Fire Authorities make up of both per-
manent (land management) staft and volunteer fire fighters. These fires are
primarily human-caused and many continue to occur as a result of escapes
from (both permitted and unauthorised) prescribed burning activities and
increasing arson (Pearce and Majorhazi 2003).

The number of hectares that are burnt annually by wildfires varies con-
siderable being driven predominantly by the weather conditions during the
summer season. The summer of 1946 represents the most disastrous fire year
in New Zealand history when, following periods of drought in the north
east central regions of the North Island, over 200,000 ha of indigenous for-
est, exotic plantations, cutover forest, tussock and scrub were burnt. More
recently, the 1998/99 fire season resulted in 18,000 ha being burnt. Since
1988,/98 there has been an annual average ot 7,000 ha of rural lands (includ-
ing forestry) have been burnt (Fogarty and Pearce 1995).

Large and devastating bushfires occur relatively infrequently in New
Zealand when compared with Australia, Canada and USA. However, the

Table 2—Different land uses in New Zealand.?

Hectares (millions) % of total
Pasture & arable land 11.8 44%
Natural forest 6.2 23%
Other non-forested land 71 26%
Plantation forest 1.8 7%

aSource: New Zealand Ministry of Agriculture and Forestry, 2005.
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potential exists in most parts of the country for significant events to occur
(Pearce and others 2004, Fogarty and others 1998). Like Australia, New
Zealand will face an increase in the severity and impact of bushfires in the
next decade and beyond. The increasing trend in the expansion of the rural-
urban interface is one of the major factors contributing to increased future
risk from wildfires. Also, changes in forestry and land management practices
may increase the likelihood of major wildfire events. This includes potential
changes in long-term fire danger such as those associated with projections of
future global warming and climate change (Pearce and others 2005; Hen-
nessy and others 2000).

Fuel Management Strategy

The damage caused by wildfires and the ability of suppression forces to
control them is strongly linked to fire intensity, which is governed by fuel,
weather and topography. Of these factors, only the fuel level can be manipu-
lated, and fuel management is the basis of wildfire prevention throughout
much of Australia. New Zealand is beginning to consider use of fire to manage
tuels (for fuel reduction or ecosystem management) despite a long history of
using fire as a land management tool for land clearing and forest establish-
ments. In the natural landscape, this requires the periodic removal of part of
the surface litter and understorey vegetation. This can be achieved by manual,
mechanical, or chemical methods or through the use of fire.

Prescribed burning is defined as the burning of vegetation under specified
environmental conditions and within a predetermined area to achieve some
predetermined objective. The objective may include habitat management
for native fauna, species regeneration, maintenance of specific eco-types or
hazard reduction, etc.

Studies conducted by McArthur (1962), Peet (1965), and others since the
1960s (Cheney and others 1992) have provided the technology for fire to be
used effectively to manage fuels. These studies enable the behaviour of fires
that are lit under given conditions to be predicted. A range of operational
procedures provide a high level of security against fire escape. Due to the
improvements in techniques and the application of fire behaviour knowledge,
prescribed burning has become a reliable fuel management tool. To date the
only effective way of reducing fuels over large areas is through the use of
low-intensity prescribed fires and, in Australia, this is generally synonymous
with broad-area fuel reduction. In most of the eucalypt forest the aim of fuel-
reduction programs is to keep the load of fine fuel (fuels less than 6 mm in
diameter) on the forest floor to less than 10 tonnes per hectare (t ha'!). This
will prevent the development of crown fires in medium to tall forests and
will limit the rate of spread and damage done by wildfires. The frequency of
burning is determined by litter accumulation rates so that burning rotations
to manage fuel reduced areas are normally between 5 and 10 years.

Prescribed fire is also used in native forests to remove slash accumulations
and to prepare a seed bed for the regeneration of native forest species, and
more recently to regenerate understorey species and manipulate vegetation
to provide suitable habitat for native fauna. Although these operations also
remove fuels, they are generally of higher intensity than low-intensity pre-
scribed burning specifically for fuel reduction and the intensity prescribed is
determined by the requirements for good regeneration.
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Hazard reduction burning—Hazard reduction burning will reduce the
total load of fine fuel and is also effective in reducing the height and flam-
mability of elevated fine fuels such as shrubs and suspended dead material.
Burning is the only practical way of reducing the fibrous bark on trees, which
is the prime source of firebrands that cause spotting. Hazard reduction re-
duces fire behaviour by:

e reducing the rate of development of growth of the fire from its ignition
point;

e reducing the height of flames and rate of spread;

¢ reducing the spotting potential by reducing the number of firebrands and
the distance they are carried downwind; and,

e reducing the total heat output or intensity of the fire.

Prescribed burning is not intended to stop forest fires but it does reduce
their intensity and this makes fire suppression safer and more efficient. Pre-
scribed burning does not provide a panacea, nor does it work in isolation. It
must be used in conjunction with an efficient fire fighting force.

Hand crews can suppress a fire up to a maximum intensity of 1000 kilo-
watts per metre (kW m!) (Loane and Gould 1986). If the fuel load is greater
than 15 t ha'! (which is typical of dry eucalypt forests between 8 to 15 years
since the last fire) this intensity will be exceeded under low to moderate fire
danger conditions. If the fuels are reduced to 10 t ha'l, fires will not develop
an intensity of 1000 kW m™! until fire danger gets into the moderate to high
range. This means that the range of weather conditions that fire fighting
with hand tools is effective is increased and more time is available to bring
the fire under control. If the fuels are reduced further to less than 7.5 t ha'!
then suppression with hand tools is effective under weather conditions of very
high fire danger. Under extreme conditions, provided there is sufficient fuel
to carry fire, fire suppression by any means is virtually impossible because the
strong dry winds associated with conditions will cause burning embers to
breach any fireline. Nevertheless, the result of the lighter fuel load will reduce
the rate of spread of the fire and the area burnt so that the fire suppression
task will be easier when the weather conditions ameliorate.

Silvicultural burning—Silvicultural burning is usually a moderate-inten-
sity prescribed burn carried out after a partial-cut logging operation designed
to remove logging slash, prepare the seed bed and stimulate regeneration
and/or the growth of rootstock regeneration. Silvicultural burning is con-
ducted in the jarrah forest of Western Australia and the silvertop ash forests
of New South Wales.

Ecological burning—The main aim of using fire for ecological man-
agement is to provide an appropriate fire regime (of specific fire frequency,
intensity, seasonality and patchiness) to meet specific goals for the manage-
ment of a particular species, populations or communities (e.g. as part of a
recovery plan for a threatened species). Since fire has a fundamental role in
the development of forest ecosystems, it follows that fire has a place in main-
taining them. Good (1981) indicated that because fire is the major and only
environmental factor over which some control can be exercised, and many
native species depend on fire for their continued existence, and the use of fire
will always have a place in ecological management. Fire has a place in both
flora and fauna management but its effective application in Australia has been
infrequent.
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Application of prescribed burning—There is a perception among people
unfamiliar with fire management that prescribed burning is simply light-
ing fires to burn-oft the undergrowth and that this can be carried out with
only a basic understanding of fire behaviour. Indeed, where burning-oft has
been carried out in this way the results have been less than optimal and have
resulted in escapes, injury and/or death (e.g. Kur-Ring Gai National Park,
New South Wales 2000). Like any land management operation, prescribed
burning requires the setting of clear priorities and objectives, planning and
the application of technical guidelines to meet those objectives. In general
terms the process of conducting a prescribed burn is as follows:

e Set the objectives and desired outcome for the fire.

e Determine the fire intensity and the associated heat pulse that is required
to meet that objective (in forestry and for fuel management this may be
determined by an acceptable height of scorch of the overstorey canopy
or an acceptable level of heat damage to the cambium of regenerating
trees).

e Determine the level of fire behaviour (for example flame height, intensity)
that will produce this heat pulse for the particular fuel type.

e Determined the weather conditions and the ignition pattern that will
produce this fire behaviour.

e Light the fire in a planned way when prescription conditions are met and
confine it to a predetermined area.

The key to conducting the operation is a good fire behaviour guide that
predicts fire behaviour in the selected fuel type. In Western Australia, the
Department of Conservation and Land Management has been conducting
prescribed burning to meet fire protection, forestry and ecological objectives
in a scientific way since mid-60s. The planning process starts seven years in
advance of each prescribed burn. Individual burning guides have been devel-
oped through empirical research for all their major fuel types including dry
jarrah forest, tall wet karri forest, conifer plantations and mallee shrublands
(for example Sneeuwjagt and Peet 1998).

In the eastern states prescribed burning is largely carried out using rules
of thumb based on a McArthur's original burning guide for dry eucalypt
torests produced in the 1960s (McArthur 1962). However, in one case a new
burning guide has been developed and that was for burning under young
regeneration of silver top ash in New South Wales State Forests (Cheney and
others 1992). Clearly, if prescribed burning is to be conducted in a more
professional way in there is an urgent need for new and better burning guides
that can be applied to a whole range of different fuel types.

Advances in fuel management—The development of more sophisticated
burning guides requires a better understanding of fire behaviour in fuels of
different structure and composition. Recent work undertaken by CSIRO
and Department of Conservation and Land Management Western Australia
as part of Project Vesta (Cheney and others 1998, Gould and others 2001,
McCaw and others 2003) has identified the importance of fuel structure in
determining fire behaviour and has developed a system for quantifying fuel
structure with a numerical index that can be used as a fuel predictor variable
to replace fuel load.

Although fuel structure is difficult, if not impossible, to measure reliably
and consistently, all natural fuels can be divided into easily recognisable lay-
ers. It is the characteristics of these layers that determine the particular fuel
type and its characteristic fire behaviour and the difficulty of suppression. For
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example, the simplest fuel type is annual grassland like wheat. This is a single
layer of relatively uniform compaction. The main factor that determines rate
of spread is the continuity of the grass. Although height of the sward the
affects the flame height, and thereby the suppression difficulty, it has only a
minor effect on the rate of spread. In contrast dry eucalypt forest with a tall
shrub understorey has fuels that can be identified into several layers of dif-
ferent compaction. These are in order of decreasing compaction:

e Compacted surface litter bed of leaves twigs and bark that makes up about
60 percent of the total fuel load,

e Near surface layer above it of the low shrubs containing suspended litter

and bark,

Elevated layer of tall shrubs,

Intermediate layer of small trees,

Fibrous bark of the overstorey trees, and

Canopy of the overstorey trees.

All of these layers make an important contribution to the fire behaviour and
cach layer becomes progressively involved in fire as the intensity increases. A
visual hazard rating system is being developed (Gould and others 2001) takes
into account the height, continuity and fraction of dead flammable material
in each layer. The latter that appears to be most important in determining fire
spread is the near surface fuel layer and the best fuel variable for predicting
the rate of spread is an index based on the hazard score and height of the near
surface fuel layer (Gould and other 2001, McCaw and other 2003).

Effectiveness of fuel reduction over time—The period of time over which
fuel reduction remains effective in assisting suppression depends upon the
number of fuel layers involved, the rate of accumulation of fuels and the time
that it takes for the key layers to build up to their full potential hazard for
the site. This may be a relatively short time for fuels with a simple structure
or take many years in more complex fuel types (table 3).

Table 3—Period that fuel reduction burning will assist suppression activities and the main
factors that contribute to difficulty of suppression.

Persistence of reduced  Factors contributing to

Fuel type fire behaviour (years)  difficulty of suppression
Annual grass 1 (year of burning)
Tussock grassland 5 Development of persistent

tussock fuel

Tall shrubland 10 to15 Height of shrubs accumulation
of dead material (ROS,
flame height)

Forest, short shrubs, gum bark 10to 15 Surface fuel, near-surface
fuels structure (ROS flame
height)

Forest, tall shrubs, stringybark 15 to 25 Near-surface fuel, shrub

height and senescence,
bark accumulation (ROS,
flame height, spotting
potential
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Although the effect of prescribed burning may persist for a considerable
time, most fire management agencies consider that sufficient fuels have ac-
cumulated after 5 to 8 years to warrant re-burning.

Trans-Tasman Partnership

Australia and New Zealand have had a long history of sound fire man-
agement through a number of coordinating organisations. Building on this
history and accumulated relevant fire management expertise, fire managers
in Australia and New Zealand have been able and will continue to contribute
the technical capacity of fire management in Australasia and internationally.
In addition to the obvious positive economic and environmental outcomes
from fire management their contributions have complementary social benefits
to both countries. The major Trans-Tasman co-ordinating bodies include:

Forest Fire Management Group (FFMG)—is a committee of Australian
and New Zealand land management agencies with responsibility for forest
fire management together with representatives from research, education
and the forest industry. FFMG reports to the federal government Forestry
and Forest Products Committee (FFPC) which is comprised of the heads of
federal, state, and territory and New Zealand government forestry agencies.
The FFPC is a sub-committee of the Primary Industries Ministerial Council.
FFMG’s aims are to provide a centre of expertise on forest fire management
and control, and particularly to:

e Provide a high level of technical and policy advice on fire management and
fire control matters to the Forestry and Forest Products Committee through
the Primary Industries Standing Committee;

o Assist interstate and international liaison and consultation between fire con-
trollers and managers; and

o Assistin the development of effective fire management and control philosophy
and proficiency.

Australasian Fire Authorities Council (AFAC)—is the peak representa-
tive body for fire, emergency services and land management agencies in the
Australasian region. It was established in 1993 and has 26 full members and
10 affiliate members. AFAC’s mission is to improve collaboration between the
fire, emergency services and land management agencies in the Australasian
region, particularly in the exchange of strategic information and the sharing
of expertise.

As the national peak bodys, it is also committed to:

¢ Developing national standards for the fire industry;

e Advocating to State and Federal government on behalf of its member
agencies;

¢ Creating national policies on a range of issues;

¢ Acting as an industry peak body on issues of national importance.

Research partnership—The resources of Australia’s and New Zealand’s
pre-eminent forest research organisations has come together in a world lead-
ing joint forest research venture. Ensis- the joint venture between Australia’s
CSIRO Forestry and Forests Products and New Zealand’s Scion (formerly
Forest Research) - combines and enhances the breadth, depth and scale of
Australasia’s bushfire research and development capability. This research
capability is also enhanced by the research partnership with the Bushfire
Cooperative Research Centre (Bushfire CRC). The integrated Ensis bushfire
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research group created a strong Australasian bushfire science capability with
significant benefits to end users in Australia and New Zealand, including;:

 Gaining critical mass, economies of scale, and enhanced overall capabil-
ity, with immediate benefits in the areas of bushfire science.

o Asignificant increase of expertise available to New Zealand in terms of
fire behaviour, fuel assessment and suppression research. Integration of
the bushfire research groups has increased its research capabilities in the
Bushfire CRC.

e Anincreased capacity to quickly deal with the various activities generated
from major wildfire events which in most cases assume top priority.

Conclusion

Australia and New Zealand have quite different fire environments and
diverse land cover but the importance of understanding fire behaviour is
recognised in both countries as an aid to fire management. Fire management
agencies in both countries face a similar array of challenges in meeting their
fire management objectives and the task is becoming increasingly difficult.
As a government service, fire management has traditionally been combined
with other forest management skills, notably sustainable timber production.
Financial pressures and changes in policy relating to timber production from
native forests are resulting in staff reductions and erosion of traditional levels
of the fire management skills base and resources. Resources are declining at a
time when demands for protection by the general community are increasing.
Concurrently, the demands for ecologically appropriate forest management
practices and concerns about the long-term impacts of prescribed burning
practices have led to the suggestion that, in some areas, fire is adversely af-
fecting biodiversity and long-term sustainability of forest ecosystems. It is
also widely recognised that there will be increase in the severity and impact of
bushfires in the next decade in the Australasian region. This includes potential
changes in long-term fire danger such as those associated with projections
of future global warming and climate change. These issues are overlain by
debate about how fire can affect climate change, greenhouse gas balance at
the landscape and national level, and to whether these changes are being
exacerbated by managed and/or wildland fires.

Accurate interpretation of the effect of fire management practices on forest
management requires not only accurate measurement of area burnt but also
the classification of all fires by vegetation type and burning conditions, the
measurement of the fuel dynamics and equilibrium fuel loads for each type
and the measurement of consumption rates under a wider range of burning
conditions than is currently available. Also, fuel management using prescribed
fire has an important role in protection of forests, community assets, other
valued resources and biodiversity. Forest and rural landscapes in Australia
and New Zealand are becoming increasingly more fragmented because of
human activities, is also having an impact on the fire management practices
that could contribute more to the amount of area burnt by wildfires. The
critical role of fire management and using fire as a management tool for fuel
management requires a better understanding of fuel characteristics and fire
behaviour leading to the development of improved guides for prescribed
burning in different fuel types.
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Forest Fuels Management in Europe

Gavriil Xanthopoulos', David Caballero?, Miguel Galante3,
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Abstract—Current fuel management practices vary considerably between European
countries. Topography, forest and forest fuel characteristics, size and compartmen-
talization of forests, forest management practices, land uses, land ownership, size of
properties, legislation, and, of course, tradition, are reasons for these differences.

Firebreak construction, although not as clearly favored as in the past, is still a
prominent fuel management technique. Fuelbreak construction has been adopted
quite extensively in the last decades. Fuel treatments along the sides of roads are com-
mon. Use of prescribed burning is generally very limited. However, in most countries,
shepherds use fire quite extensively, but illegally. Furthermore, stubble burning is a very
common type of fire use, which often becomes source of wildfires. Grazing of cattle,
sheep and goats is a traditional practice in the wildlands of Mediterranean countries.
In spite of many recent social changes, it is still prevalent. Although its effect is often
negative, when the carrying capacity of the land is exceeded, it does offer a significant
contribution toward controlling fuel accumulation. In some cases animal herds are
actively used as means for controlling vegetation re-growth in areas of fuel treatment.
This paper is an effort to provide an overview of current fuel management activities
in the European countries, mainly those with Mediterranean climate.

Introduction

Europe is a diverse continent with a large number of nations and countries
that differ significantly from each other. Their differences range from the
characteristics of their people to the prevailing environmental conditions, and
from their culture and heritage to their social and economic structure. The
European forest cover is characterized by a great diversity of forest types, ex-
tent, ownership structure and socio-economic conditions. However, in regard
to forest fires, things are much simpler: the countries in northern Europe are
not really concerned with fires. On the other hand, the southern European
countries (Portugal, Spain, the south departments of France, Italy, Greece and
Cyprus), most of them lying next to the Mediterranean Sea, face a profound
forest fire problem. The Mediterranean countries contribute 94% of the total
burned area in Europe, according to an analysis of the 1975-2000 statistics
by the European Forest Institute. Fire is the most important natural threat
to forests in Southern Europe.

The countries of Southern Europe have seen their fire problem getting
worse in the second part of the 20™ century. Abandonment of rural areas,
prolonged protection of forest lands, and expansion of fast growing species
that are highly flammable (mostly pines and eucalypts) have aggravated fire
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hazards. Tourism growth and development of extensive wildland-urban in-
terface areas have sharply increased fire incidence and disaster potential. The
annually burned area has more than doubled since the 1970s.

Realizing they had a problem but not fully understanding the reasons
behind it, all south European countries responded by increasing their fire
suppression capacity, especially through the 1990s, necessarily increasing
their firefighting budgets. The outcome of this effort is a reduction in total
annually burned area in relatively easy fire seasons. However, the potential for
major disasters is still there. As more fuels accumulate, in difficult fire seasons,
the burned area climbs again to high levels. Furthermore, the damages are
very high as fires often originate or easily reach the extensive wildland-urban
interface areas that have emerged in all these countries, mainly close to the
coastline. This has been demonstrated very clearly in the last three catastrophic
fire seasons in Portugal (2003-2005), with the occurrence of extremely large
(over 10,000 ha) and destructive fires. Currently, the need for reducing fire
hazard through active fuel management is becoming more and more obvi-
ous, but, to this day, the funding that is diverted from suppression to fuel
treatment and general fire prevention is limited.

Fuel occupies one of the three sides of the fire triangle. Heat and oxygen
form the other two sides. In the forest, fuel can be manipulated effectively
before the start of a fire, influencing the probability of fire ignition and
potential fire behavior. The other two contributing factors to fire behavior
(weather and topography) cannot be altered by fire managers. Thus, forest
fuel management is one of the cornerstones of successful fire management.

There are many definitions of fuel management in literature, most of them
quite similar to each other. According to the one adopted by the Food and
Agriculture Organization of the United Nations, fuel management is the “act
or practice of controlling flammability and reducing resistance to control of
wildland fuels through mechanical, chemical, biological, or manual means,
or by fire, in support of land management objectives.”

Managers can modify the load and the arrangement of both live and dead
fuels. Available options are quite well known. They include horizontal isolation
of fuel through firebreaks, fuelbreaks and greenbelts, fuel reduction through
physical removal, prescribed burning and intensive utilization, change of fuel
bed compactness by methods such as lopping and scattering (manually or by
tractor crushing) and chipping, breaking vertical continuity through pruning
and surface fuel reduction, and change of fuel moisture content through dead
fuel removal and even local irrigation (Chandler and others 1983). Fire-aware
silviculture is yet another broad option. The choice of which methods are
used varies depending on factors such as vegetation type and characteristics,
seriousness of the fire problem, available funds, available experience and ex-
pertise, tradition, social concerns, etc. How these factors weigh in the final
decision has a direct effect on the selection of fuel management methods and
the scale of their application. This is where differences exist between Europe
and the other continents, as well as within Europe.

Most of the above mentioned methods of fuel treatment are used some-
where in Europe. This paper provides an overview of current fuel management
practices in European countries, mainly those with Mediterranean climate,
based on literature and on the personal knowledge of the contributing au-
thors. In doing so, we tried to explain the reasons that have led to the current
practices.
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Fuel Management Practices in European
Countries

Horizontal Continuity Disruption

Firebreaks—Firebreak construction was the most widely applied fuel
treatment in the past. It still is to a large extent but it is not as clearly fa-
vored anymore. The preference for creating firebreaks can be explained by
the obviousness of their objective (to stop the fire through fuel continuity
disruption) that is visible to laymen and politicians alike. However, through
time, a number of disadvantages became evident: high construction cost, high
maintenance cost (need for annual clearing), poor aesthetics and significant
potential for erosion when built on medium to steep slopes. Furthermore,
their effectiveness proved to be quite limited. They may help to stop small
fires with little firefighting support under mild weather conditions, but they
are easily breached through spotting under strong winds and low relative
humidity. The relatively small extent of forests in Europe, presence of vil-
lages and agricultural properties, and concerns about aesthetics and erosion,
practically preclude construction of very wide firebreaks. The width (30-40 m) is
often inadequate for averting breaching by direct flame contact when crown
fires are fanned by strong winds.

Currently firebreak construction is a regular practice in Portugal, Spain,
France, Greece and Cyprus. In Italy it exists as a practice but its use is not as
regular. It should be pointed out that in some of these countries, especially
in Spain (where the regions are largely autonomous) and in Italy, there are
significant differences in the natural environment (colder north vs. warmer
south, elevation influence, maritime influence, vegetation composition), in the
societal structure and in the overall political management practices, including
budgeting. This is reflected to a large extent in the decisions made on fuel
management in general and in firebreak construction in particular.

Building firebreaks is only a start. Maintaining them is much more ditficult
as budget shortages often make it impossible to keep them free of low vegeta-
tion (mainly grasses and shrubs) on a short period (usually annual) basis. The
longer the firebreak network, the more the yearly budget required for main-
tenance. With poor maintenance firebreaks cannot serve their purpose.

Fuelbreaks—Fuelbreak construction has been adopted quite extensively
in the last two decades. Sometimes fuelbreaks are built “by the book” trying
to permanently convert vegetation to a cover of low fuel volume and /or low
flammability (Chandler and others 1983). In general this is not easy when
dealing with Mediterranean shrubs, either in an open shrubland or under
the canopy of trees, because most of these shrubs are vigorous resprouters.
On the other hand, use of phytocides has been tried experimentally in vari-
ous situations with interesting results but their costs and the associated risks
make this practice difficult to accept in both ecological and economical terms
(Rego 1997).

In the European countries road networks are quite dense. Clearing vegeta-
tion on the sides of forest and rural roads, either manually or mechanically,
results in fuelbreak-like belts of reduced fire hazard from which firefighters
can try to stop a fire, for example, by lighting a backfire. Also, when un-
derstory vegetation is removed along the sides of the roads, usually up to a
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distance of 30 m on each side, the spread of a fire that starts by the road is
slowed down. Crown fire initiation is also delayed increasing the probability
of successful initial attack.

Regular fuelbreak construction is common in Spain, France and Italy, while
it is less common in Portugal and quite uncommon in Greece.

Greenbelts—Chandler and others (1983) referred to greenbelts as “the
next logical progression after the fuelbreak.” They defined greenbelt as “a
strip that has been converted to a nonflammable cover type and is maintained
in that state by irrigation and mechanical treatment.” They suggested a golf
course as an example of a greenbelt, but admitted that greenbelts are pro-
hibitively expensive for a forestry organization.

In Southern Europe, however, some agricultural cultivations play the role
of breaking horizontal fuel continuity by providing a strip of nonflammable
cover type. The abundance of such fields around villages is one of the reasons
for reduced fire damages in the past. Vineyards are one of the commonly
encountered cultivations that can function as a greenbelt. Orange and lemon
orchards are another. Even olive groves, when properly cultivated, with grass
and other surface fuels removed, can stop a fire effectively. However, as much
of the rural population abandons agriculture and leaves for the cities, the
effectiveness of these greenbelts is greatly reduced. Their size decreases and
without the usual treatment of grasses under the cultivated woody plants the
fire can easily breach them. Olive groves are the most pronounced example
of this change: when left with grasses in the understory they become a major
problem for firefighting because the olive trees, once ignited, are very hard
to extinguish completely.

Fuel Reduction

Physical fuel reduction—Fuel reduction by manual or mechanical means
is the main method used by fire protection organizations for the creation of
firebreaks and fuelbreaks. However, the cost of such treatments is generally
very high and the area that can be treated is quite limited.

Prescribed burning—Prescribed burning was introduced in Europe—
Portugal, Spain and France, in the early 1980s (Botelho and Fernandes
1998). However, after 25 years, its operational use remains very limited. In
some cases, as in Greece, it is not possible as there is no provision for it in the
existing laws. There is neither long-term experience in the fire management
organizations nor much willingness to assume the risks associated with this
practice. The existence of towns and villages, agricultural lands and other
private property imposes significant restrictions in regard to smoke manage-
ment, liability issues and safety. Furthermore, since any type of fire in the
forest has been described in all fire prevention campaigns as bad in the past,
there is concern of the public receiving mixed signals if prescribed burning
is not introduced properly.

Currently, the European Union (EU) is trying to improve its knowledge
on prescribed fire as applied in European ecosystems, hoping to expand its
usage where it could be beneficial and ofter practical solutions. An EU funded
Integrated Research Project titled “FIRE PARADOX” was started in the
beginning of 2006 and will continue until 2010. It involves 31 institutions
from 13 countries, including in addition to the European partners, institu-
tions from Northern Africa (Maroc and Tunis). The aim of the project is
to study the use of prescribed fire and the application of backfire in Europe
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Figure 1—Burntareain the EU Mediterranean region in the 1980-2003 period
(European Communities 2004).

in four main domains: Prevention, ignitions, spread and suppression (www.
fireparadox.org).

Shepherds often do what is not done by fire management organizations in
regard to fuel reduction by fire. It is a long-standing tradition for them to set
small fires at times of low fire danger that burn patches of land, stimulating
new succulent growth of grasses and (mainly resprouting) shrubs for their
animals. This procedure could be considered as a management scheme under
certain conditions as it is profitable for the shepherds and also reduces fuel
hazard. However, in recent years it has become a problem, often leading to
desertification. The reason for this is an increase of the number of animals to
levels far beyond the carrying capacity of the available land. EU subsidies to
shepherds, in the 1985-2000 period, were based on the number of animals
they had, becoming a motive for increasing the size of their flocks. This
policy has been changed nowadays after its detrimental effects became evi-
dent. The large number of animals quickly reduced available forage, making
shepherds reburn the land every 1-4 years. Such a frequency, combined with
immediate overgrazing of the young vegetation, quickly denuded many sites
leaving them covered with non-palatable, mostly thorny, plants, and having
a significant soil erosion problem.

Although “effective” for fuel reduction, this method also has a side effect.
As firefighting organizations easily manage to stop shepherd fires in the low
fire danger season, it has been observed that the shepherds turn to new lands
where they start fires on high danger days.

Biomass utilization—Fuels accumulate in forests when biomass produc-
tion through photosynthesis is higher than the rate of decay. This is common
in most ecosystems but the rate at which such accumulation occurs, varies
depending on the characteristics of the ecosystem and its environment. When
fuels accumulate beyond a certain point fire becomes the alternative that
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breaks down the biomass and initiates a new circle of life. Biomass utilization
is a third alternative that can maintain balance and reduce the probability
of fire.

In the Northern European countries active forest management with good
timber utilization that leaves relatively little slash behind is key to keeping
the potential for fire disasters low. Timber production is one of the main
products fueling the economy of the Scandinavian countries. With such
practices, fires like those in the boreal forests of Alaska, Canada, and Siberia
are highly unlikely in Sweden or Finland.

On the other hand, in Mediterranean ecosystems fuels accumulate quite fast
as biomass production is quick and decay is slow. Active forest management
for timber production with appropriate silvicultural practices is mostly carried
out where there is financial incentive: the forest products have a higher value
than the cost for managing the forest. Examples are the eucalypt plantations in
Portugal, the Pinus nigra forests in Greece and the Pinus pinaster and Pinus
sylvestris forests in Spain. In many cases, however, as with the forests of Pinus
halepensisand Pinus brutin in Greece, the active management of forests is not
economically viable. Without biomass utilization these forests are expected
to burn with relatively high frequency. Traditionally, much of the biomass
produced by these forests and the evergreen Mediterranean shrublands was
harvested and used as an energy source for cooking and heating by the rural
populations living close to the forests. Also, resin collectors managed these
pine forests in a traditional way, guarding them, maintaining access trails
and removing old and non-productive trees to be used as fuel wood, in an
effort to create open spaces for regeneration of new clubs of trees. In this
way, a balance was maintained, at least close to the numerous villages, where
approaching fires were easy to control. The migration of these populations
toward the cities and the substitution of other energy sources (electricity, oil,
gas) for wood upset this “natural” balance and led to the current worsening
condition and the need for fuel management for fire hazard reduction.

Currently, grazing in the shrublands is the most common form of biomass
utilization in the non-timber producing forest lands in the Mediterranean.
When this practice is planned and controlled at appropriate levels it functions
as a very effective and productive method of fuel management.

A Short Summary for Each Country

France

France is the most active southern European country in regard to fuel
management. The French approach is that firefighting implies strategy, and
good strategy means preparing wildlands for firefighting to achieve efficiency
of suppression operations and safety of fire crews. In this respect, the core of
French strategy in fire management is “wildland partitioning” (Figure 2).

The “tools” for achieving wildland partitioning are fuelbreaks and fire
fighting areas. Furthermore, as part of the overall strategy, protection of
human assets is a priority. A “let it burn” policy is applied on a very limited
scale. It is very difficult to apply such a policy in France, because human as-
sets are too many and interspersed in most forests.

A “fuelbreak working group” has been established in France. The Group
works on:

¢ Building fuelbreaks
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Figure 2—The concept of “wildland partitioning” in France.

¢ Fuelbreak maintenance

e Real study cases analysis

e Economic assessment of fuelbreaks

* Preparing national standards for the “tools” of fuel management (such
as firebreaks) that are applied in the field

In France, fuelbreaks are categorized in three types according to their
objective:

e Type 1: The objective is to limit fire ignitions: fuel management aims to
decrease ignition hazard and to increase success of early fire fighting
operations. It is mostly applied in or around Wildland Urban Interface
areas.

* Type 2: The objective is to limit fire effects on assets: fuel management
focuses on making the circulation of firefighting crews and the public
casier and safer (safer escape routes). It is mostly applied in or around
Wildland Urban Interface areas. Fuel management for forest autopro-
tection (i.e. to avoid stand replacement fires) is included in this type of
tuelbreak.

e Type 3: The objective is to limit the size of burned areas by breaking
forest continuity. These are fuelbreaks built at strategic locations to
help firefighters control the head or the flanks of probable fires. They
are generally built between 2 non-burning (usually agriculture) areas.
In building type 3 fuelbreaks two objectives are:

o To provide at least a safety zone for fire crews.
o To enable efficient fire suppression actions.

Scenarios that must be taken into account include the case of a large fire
and fires under severe fire weather conditions (Figure 3).

Fuelbreaks are built by forest authorities but in cooperation with the
firefighters (Civil Protection) in order to take their requirements into
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Figure 3—The concept of a fuelbreak network in France.

consideration. Their construction takes into account the firefighting strategy.
Necessary elements, such as water supply, access (roads), road signs, etc., must
be available along a fuelbreak.

The standard approach for fuelbreak maintenance is mechanization. When
possible, grazing and agriculture are also used. Prescribed burning is also used
to some extent and its application is increasing. Of course, social constraints
have to be integrated when choosing to use it.

In a 1999 study of nine fuelbreaks in France, which took into consider-
ation the cost of construction (amortizement), maintenance, outcomes from
grazing (production) and external costs, over a 5 to 15 year period, it was
found that the annual cost of a 30 to 40 ha fuelbreak is equal to one hour of
aircraft flying time delivering three retardant drops.

Portugal

The Portuguese Forest Services structure is based in a Central Office at
Lisbon and three regional offices, each with 7 sub-regional offices. These
sub-regional offices have the responsibility of promoting the Regional Plans
of Forest Management. Recently, a Sub-Directory for Forest Fires Prevention
was created under the General-Directorate of Forest Resources, to accomplish
the execution of the National Plan for Forest Fire Prevention and Manage-
ment. The Regional Plans of Forest Management also define the primary
and secondary fuels break network planning, to promote rural landscape
fragmentation and control the spread of large fires.
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There is the assumption that the solution to the forest fire problem relies
on the promotion of private forest management, although this is a mid-term
solution. Several incentives are now being developed, such as reduction of
the Value Added Tax (VAT) for preventive silviculture services and funding
support for the installation of “Integrated Forest Zones”, that unite, for
management purposes, a large number of small size private forest parcels.
These zones have a size of at least 1,000 ha, a size that is considered as the
minimum needed for professional management of the forest resources and
for fire prevention planning at the landscape level.

At the municipal level, Forest Fire Prevention plans include characteriza-
tion of hazardous areas and set the fuels treatment strategy. Techniques like
prescribed fire, grazing and localized mechanical interventions are defined in
those plans. Fuel treatments in the forest/urban interface are also planned, as
well as pre-suppression infrastructures (water points, lookout towers, forest
roads and fuelbreaks).

Firebreaks are the most widely used fuel management technique in Portu-
gal, mostly in the mountainous areas, in the public lands and in the eucalypt
plantations of the pulp and paper companies. Directed grazing for cattle at
the landscape level is starting to be promoted. Localized manual fuel treat-
ment by hand crews is another technique used in strategic areas. Recently,
Portugal puts an emphasis in the reintroduction of prescribed fire and for
this purpose has started a broad training program of foresters and support
crews. A technical exchange program with the U.S. Forest Service (USES) is
being prepared to support this initiative (Figure 4).

Figure 4—One of the first prescribed burns executed in 2006 in Portugal with the cooperation of
USFS prescribed fire specialists (Photo: Mike Crook (USFS)).
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Spain

In Spain the responsibility for forest fire prevention belongs to the 17
autonomous regions (Autonomies). Every region has its own regulation and
rules for forest fuel management, hence the methods, intensity and allocated
budget varies from region to region.

Out of the 26 million hectares classified as forest land, about 18 million
are privately owned. Landowners are in charge of the exploitation and
maintenance of the ecosystems, and also responsible for the forest fuel
treatments. Although specific regulations apply in the regions most affected
by forest fires, landowners do not respond in the same way in regards to fuel
management. Hence the methods, extension and intensity vary within the
regions as well.

Every region, by law, has to provide a forest fire defense plan, including a
chapter for preventive measures, which include operations on the forest fuel.
However, common objectives are followed, mostly thanks to the yearly CLIF
meeting which is hosted by the Ministry of Environment and in which main
target priorities are discussed and set among all autonomous regions.

In the last two decades, an important change in fuel structure and load
has occurred, mostly caused by the de-population of rural areas. Land use
change, in many cases followed by the abandonment of activities in the for-
ested lands, has brought about an increase of burnable biomass in grasses and
shrubs, and the modification of the vegetation structure, favoring horizontal
and vertical fuel continuity.

Three areas can be considered in terms of fuel structure and load, hence
giving an idea of the requirements of forest fuel treatments.

In the Atlantic zone, which is humid, there are several vegetation structures.
The forested areas frequently have an overload of flammable fuels creating
explosive situations. This is caused by the low budget invested in the forest
stands, and the poor investment of landowners in fuel treatments. The situ-
ation is aggravated further by the fact that the shrubs in this zone regenerate
quickly, leading to heavy accumulations of very flammable biomass in a short
time after fires or fuel treatments. The agricultural lands have mostly been
abandoned. Natural vegetation has invaded these lands, mostly in the inte-
rior. The situation is made worse by the uncontrolled use of fire in an effort
to control the invading vegetation. Removal of forest fuels in the Atlantic
zone is costly due to the high rate of biomass production, and is traditionally
limited to the removal of fern and grasses. Their biomass is normally burned
in piles. Today, a new practice is being explored: it is the mechanical removal
of the fast growing shrubs and their use in biomass-energy production plans.
In the Atlantic zone, it is normal to apply systemic herbicides on firebreaks
and cleared zones built along the perimeter of forest lands to reduce future
regeneration of shrubs and tree sprouts. Although very efficient as a vegeta-
tion control tool, Administrations are generally reluctant to use prescribed
burning, perhaps due to the many agricultural burnings that end-up as large
forest fires. As a result, at least in the vicinity of large and/or dense forest
stands, prescribed burning is avoided, although is the most efficient and cheap
method of forest fuel removal. In the Atlantic zone, grazing is not applied
systematically for fuel control.

In the Mediterranean zone, Spain has a mosaic of forest land patterns,
including young forest stands and reforested areas, abandoned agricultural
lands, and mature forest stands. They are always subject to the pressure of
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shrub species. Most forests have a more or less dense shrub understory. In
this zone, silvicultural and other treatments of the forest fuel are generally
economically unfeasible for widespread application. Hence, hazard reduction
efforts are localized and more focused. A combination of silvicultural treat-
ments and livestock grazing is the measure of choice.

In calculating risks in the Mediterranean zone, it is very important to
consider soil erosion and other hydrological phenomena, which could take
place under sparse vegetation coverage. Large forest stands are infrequent, and
when they exist, they are protected by a strip of low combustibility around
their perimeter. Networks of firebreaks are combined with other low-load
vegetation patterns (i.e. agriculture) to avoid horizontal continuity, while
taking into consideration the protection of settlements and housing areas
in the increasing wildland-urban interface domain. Planning the extent and
location of fuel management takes into consideration the quality and extent
of the various ecosystems, regeneration capacity, vegetation coverage and
special protection priorities, if any.

In the Southern zone of Spain, the forest structure is very variable and has
a direct correlation with the ownership regime. The forest stands belong-
ing and managed by the Administration are subject to periodic silvicultural
treatments, such as thinning, pruning and understory removal. In contrast,
in privately owned forests the response is quite poor, except for some cases,
in which several owners associate and cooperate in managing their forest. In
this Southern zone, the most common fuel management practices applied
are grass and shrub removal, prescribed burning and grazing. Due to budget
restrictions mechanization is still not totally achieved.

Firebreak construction is perhaps the most common fuel control measure
in Spain. All fire-prone areas in Spain are criss-crossed by a network of lin-
ear firebreaks. The main objective is to fragment the territory into cells to
minimize the spread of large fires. Regardless of whether they serve their
purpose well, firebreaks are unpopular among citizens in Spain, mostly due
to the visual impact on the landscape, although the rural population has
accepted them more quickly due to the forest protection benefits they offer.
Maintenance of firebreaks, which is required, takes a large part of the fuel
treatment budget. Often, budget constraints lead to poor maintenance in
certain regions. However, in some regions, such as Valencia, application of
intense grazing by goats in firebreaks keeps costs low and helps to maintain
the firebreak network.

The standards for building new firebreaks are summarized below:

e Width of firebreak has to be two and a half times the dominant canopy
height, with a minimum of 15 m in the vicinity or forest stands.

e Width of firebreak has to be 10 m in the vicinity or inside of shrublands.

e Width of firebreak has to be 5 m in the vicinity or inside grasslands.

e In all cases, firebreak vegetation has to be totally removed to mineral
soil.

In areas where lightning is a main cause of forest fires, firebreaks are often
built along mountain crests where they serve as an efficient transport corridor
for ground forces in addition to hindering fire growth.

Fuelbreaks are becoming more popular in Spain lately. They are favored
by many because they have a more natural-looking structure. Their width is
normally about 30% more than that required for the firebreaks.

Prescribed burning is not a generalized and accepted practice for forest
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fuel reduction. It is regulated and applied in some regions (i.e. Andalusia),
it is slowly being accepted in others, such as Catalonia and Castilla Leon,
but it is totally banned in several others, such as Madrid. In general, it is a
rather unpopular practice, perhaps due to the fact that the use of fire as a
tool in agricultural activities has frequently been the cause of large and very
destructive fires (Vega and Velez 2000).

The frequency of burning for grazing by shepherds varies between regions
but it is more or less general practice in Spain to obtain pasture by burning
shrubs. This practice is more prevalent in the Atlantic zone as mentioned
above. Grazing of cattle, sheep or goats is a common practice for fuel reduction
in Valencia and other provinces of the Mediterranean zone. In Galicia, Castilla
Leon and many other regions of the Atlantic zone grazing is used just to
contain shrub sprouts. Other fuel management practices include mechanical
and manual clearance around heavily traveled roads, and under high-voltage
(1,000 to 220,000 V) power lines. Furthermore, silviculture in Spain takes
into consideration the need to reduce fire hazard. Treatments include shrub
removal, tree thinning, and pruning of lower branches and are often applied
at locations of special interest (Figure 5).

Figure 5—An example of a silvicultural treatment that also aims at crown fire potential reduction on
Tenerife Island, Spain.
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Italy

The 20 Italian Regions have unique administrative competencies concern-
ing wildland and forest management in their territory. They are also in charge
of forest fire protection, supported by the State Forestry Corps through special
agreements at regional level.

Law dispositions on wildland fires in Italy are mainly established by the
national law 353,/2000. This law states that each Region is in charge of setting
up a Fire Management Plan for its regional territory. The plan should identify
priorities and arrange all fire protection activities, including interventions on
woodlands. The national law is inspired by the principle that the best ap-
proach to protect forests from wildfires is to promote and provide incentives
for prevention activities, instead of just focusing on suppression. In spite of
this declared goal, neither the law nor its specific guidelines discuss in detail
the subject of fuel treatment and management for wildfire prevention. The
law simply states that each regional plan must provide for silvicultural activi-
ties to clean and manage woodlands. The greatest investments are still made
in fire fighting, with a varying amount destined to prevention activities from
Region to Region.

Each Region must plan, realize and maintain fuelbreaks (and other struc-
tural and infrastructural interventions), establishing typologies and standards
according to its environmental characteristics. To reduce the risk of fires
spreading from agricultural areas to forests, within some Regions, plowed
or mowed bufters are realized along cultivated and abandoned fields located
next to forests (Figure 6).

Figure 6 —Mowed buffer strip separating a forest from agricultural land
in Italy.
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Each regional plan also has to design all forest cleaning and management
interventions for those areas with the greatest wildfire risk. These interven-
tions must specifically aim at:

* Reducing fuel biomass and removing coarse woody debris.

* Creating mixed and well structured stands, with a heterogeneous forest
composition.

e Favoring, where possible, coppice conversion to high forest.

¢ Favoring natural regeneration.

e Thinning old and too dense coniferous plantations.

¢ Slashing, mowing and cleaning in the proximity of railway lines, forest
and ordinary roads and road banks, especially if they are located next
to forested areas.

This last treatment is mainly applied in the summer. It is realized by the
organizations responsible for the road network and railway management.
Along railroads chemical weeding is a common practice, while around roads
both manual and mechanical clearance are applied.

In Italy there is clearly lack of experience concerning prescribed burning;
moreover there is not a clear set of rules that would define for all the country
the use of fire for ecological and management purposes. The national law
does not mention the possibility to use prescribed burning; thus, it is up to
each Region to adopt the use of prescribed fire in its fire management plan.
Only a few Regions currently have plans that allow and regulate the use of the
prescribed burning technique. For these reasons and because of a widespread
mistrust of fire for ecological and management purposes, in Italy prescribed
burning is not applied. Recently some experiments were conducted by the
Agroselviter Department of the University of Torino to investigate the use
of prescribed burning both for the management of particular biotopes and
to reduce fuel load (Ascoli and others 2005).

The practice of burning for grazing by shepherds was more widespread in
the past; currently it is quite limited and is exercised mainly in a few areas of
the southern regions and in the islands (mostly Sardinia). Stubble and shrub
burning is instead a traditional practice adopted by farmers; it is one of the
most frequent sources of wildfires.

Grazing of cattle was also more common in the past. Recently some at-
tempts are being conducted to use sheep grazing to reduce fuel biomass within
fuelbreaks, instead of mechanical treatments (Antona and others 2003).

Greece

In Greece, the responsibility of firefighting passed from the Forest Service
to the Fire Service in 1998 (Xanthopoulos 2004). As a result, prevention and
suppression are not seamlessly tied anymore. The cost of firefighting tripled
in the years that followed. Funding for prevention decreased. Subsequently,
fuel management efforts are relatively limited today.

The General Secretariat for Civil Protection which was established in the
late 1990s tries to organize cooperation of all organizations involved in fire
management. It organizes public education and fire prevention campaigns
every summer, co-ordinates general planning and, in regard to fire hazard
reduction, it distributes some prevention funds to local authorities for fuel
management work, mainly in the vicinity of settlements and along roads.

Firebreaks are the most common fuel management measure taken by the
Forest Service. Forestry officers struggle to keep them clear of vegetation
re-growth before every fire season with the limited funding they get.
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In Greece, few fuelbreaks are built “by the book” (i.e. trying to permanently
convert vegetation to a cover of low fuel volume and/or low flammability).
The road network in the forests is quite dense. Clearing vegetation on the
sides of forest and rural roads, either manually or mechanically, results in
fuelbreak-like belts of reduced fire hazard from which firefighters can try to
stop a fire (Figure 7). The cost of this work, when performed manually, has
been studied in Greece by Xanthopoulos (2002).

Grazing of sheep and goats is very common in the wildlands of Greece.
In all regions of the country, the number of animals exceeds the carrying
capacity of the available grazing land. This high grazing pressure has obvious
negative ecological effects but also keeps fuels under control. On the other
hand, fires lighted by shepherds to rejuvenate vegetation in the overgrazed
shrublands are a significant problem as they constitute more than 10%, prob-
ably close to 20% if fires listed as “of unknown cause” are considered, of all
wildfires in the country (Figure 8).

Figure 7—An example from mount Parnis, near Athens, of shrub
understory removal around heavily used forest roads, chipping the
resulting biomass.

Burned area

Figure 8—Two small burned areas near a sheep and goat fold in western Crete, Greece.
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Conclusions

Table 1 summarizes the fuel management methods in the southern Eu-
ropean countries. In spite of the differences between them, there are many
similarities worth noting here:

e Firebreak construction, although not as clearly favored as in the past, is
still a prominent fuel management technique.

® Fuelbreak construction has been adopted quite extensively in the last
decades. Fuel treatments along the sides of roads are common.

e Use of prescribed burning is generally very limited. The existence of vil-
lages and other infrastructures within and around forests is one of the
reasons discouraging its adoption. It can be concluded that efforts to
expand its use are underway.

* In most countries, fire is used quite extensively, but illegally, by
shepherds.

¢ Stubble burning is a very common type of fire use, which often becomes
source of wildfires.

* Grazing of cattle, sheep and goats is very common in the wildlands of
Mediterranean countries. In spite of many recent social changes, it is
still prevalent. Although its effect is often negative, when the carrying
capacity of the land is exceeded, it does offer a significant contribution
toward controlling fuel accumulation. In some cases animal herds are
actively used as means for controlling vegetation re-growth in areas of
tuel treatment.

In general, efforts are concentrated mainly close to inhabited areas and
focus on protecting humans and infrastructures. Firebreaks and fuelbreaks
mainly aim to aid in limiting the spread of large fires but their density in
areas where there is little population and low forest value is generally limited.
Preventive silviculture, including prompt timber harvesting and development
of mixed forests rather than monocultures are often solutions in seeking fire
resistance in productive forests.

Acknowledgments

This paper was prepared following an invitation from the organizing
committee of the Conference. It is mainly based on work performed in the
context of the “EUFIRELAB” project that is funded by the European Com-
mission, Directorate General for Research, 5™ Framework Program (Contract
EVRI-CT-2002-40028). Relevant information can be found on the project
web-site (www.ceufirelab.org). The support of the Protection Branch of the
Ministry of Forests and Range of the Province of British Columbia, Canada,
for making the trip and presentation to the Conference possible, is gratefully
acknowledged.

USDA Forest Service Proceedings RMRS-P-41. 2006.



Xanthopoulos, Caballero, Galante, Alexandrian, Rigolot, and Marzano

Forest Fuels Management in Europe

pelidde joN : N

Ajjeyuswiiadxa 1o ajeas [jews uj palddy : 3

siseq Je|nbaJ e uo jou Jng palddy : |
uonelado Jenbay : Yy :8I8YM
o _ o _ o S| o o S| uleds
d I d E| o d | | d [eBnyiod
d I-d N 3I-N N o s s | Aey
S| 3 s | N S| | s | I S| 909319
d | | I | o S| S| d aduel
saulgamod  sjuawjeasy  spaaydays uoionpai sjeob Jo speo. speo. uoljoNIISUOD uoloNIIsuUod  Aiuno?n

lapun jeanynoinllg  Aq Buizeab |an} 10} doeays puno.e punoue yeauaqjang yeauaqaalq
aoueuea|) 10} Buluing Buluing ‘a|peo jo aouesea|d aoueled|d
paquosald Buizeio |eaiueyod lenuep

"adoing ulayinos ui seonoeld jJuswabeuew [any Jusiind Jo Alewwns Y—I| ajgel

45

USDA Forest Service Proceedings RMRS-P-41. 2006.



Xanthopoulos, Caballero, Galante, Alexandrian, Rigolot, and Marzano

46

Forest Fuels Management in Europe

References

Antona, Madeleine; Casanova, Jean-Baptiste; Franca, Antonello; Seddaiu, Giovanna;
Argenti, Gianni; Lombardi Piero. 2003. Les interventions pastorales au service de
la prevention des incendies, en Corse, en Toscane et en Sardaigne. Proceedings of
the Euro-Mediterranean Conference “The future of the green Mediterranean”;
2001 June 1-2.; Alghero. (SS).

Ascoli, Davide; Marzano, Raffaclla; Bovio Giovanni. 2005. Fuoco prescritto

sperimentale per la gestione conservativa della brughiera. Linea Ecologica, 37
(3), 19-26.

Botelho, Herminio S.; Fernandes, Paulo M.. 1998. Controlled burning in the
Mediterranean countries of Europe. In: Eftichidis, George; Balabanis, Panayotis;
Ghazi, Anver., ed. Advanced Study Course on Wildfire Management: proceedings.
1997 October 6-14; Marathon, Greece, 1997 Algosystems S.A., Athens, Greece
under the auspices of the European Commission, DG XII: 163-179.

Chandler, Craig C; Cheney, P.; Thomas, P; Trabaud, L.; Williams, D. 1983. Fire in

Forestry, Vol. 11: Forest fire management and organization. John Wiley & Sons,
N.Y. 298 p.

European Communities. 2004. Forest Fires in Europe: 2003 Fire Campaign.
SP1.04.124. 51 p.

Rego, Francisco Castro. 1997. Fuel management and prescribed fire. In: Balabanis,
Panayotis; Eftichidis, George; Fantechi R., ed. Forest Fire Risk and Management:
European School of Climatology and Natural Hazards course: proceedings; 1992
May 27 - June 4; Porto Carras, Halkidiki, Greece. 133-142.

Vega, José Antonio; Vélez, Richard Munoz. 2000. Actas de la reunion sobre quemas
prescritas en Lourizdn 1998. Cuadernos de la Sociedad Espanola de Ciencias
Forestales N9-2000.

Xanthopoulos, Gavriil. 2002. Shrub removal cost estimation for fire hazard reduction
in Mediterranean forest conditions. In: Viegas, Domingos Xavier, ed. 4th Int. Contf.
on Forest Fire Research: proceedings; 2002 November 18-23; Luso-Coimbra,
Portugal. Millpress Science Publishers, Rotterdam, The Netherlands: Book of
Abstracts, p. 33. Full paper on CD accompanying the book of abstracts.

Xanthopoulos, Gavriil. 2004. Who should be responsible for forest fires? Lessons
from the Greek experience. p. 128 In book of abstracts of the “II International
Symposium on Fire Economics, Planning and Policy: A Global View”, April 19-
22, 2004, Cordoba, Spain. University of Cordoba, and USDA Forest Service,
Pacific Southwest Research Station. Full paper on CD accompanying the book
of abstracts.

USDA Forest Service Proceedings RMRS-P-41. 2006.



Wildland Fire Use — Challenges Associated
With Program Management Across Multiple
Ownerships and Land Use Situations

Thomas Zimmerman', Michael Fraryz, Shelly Crook®, Brett Fay?,
Patricia Koppenol®, and Richard Lasko®

Abstract—The application and use of wildland fire for a range of beneficial ecological
objectives is rapidly expanding across landscapes supporting diverse vegetative com-
plexes and subject to multiple societal uses. Wildland fire use originated in wilderness
and has become a proven practice successful in meeting ecological needs. The use
of wildland fire in non-wilderness is emerging as an important practice but its success
is predicated on the acknowledgment of the fundamental inseparability and equal
importance of ecological, social, and economic needs and requirements. The 2005
western fire season resulted in the single largest scale application of wildland fire use
in non-wilderness to date and illustrated that managing wildland fire use in these areas
is associated with a higher level of complexity driven by a number of elements includ-
ing: spatial scale differences; presence of multiple ownerships and increased values
to be protected; increased needs to plan and implement mitigation actions; temporal
scale differences for implementing mitigation actions, greater social and economic
concerns and needs; and increased public information needs. Continuing expansion
of wildland fire use implementation across federal, state, and private land ownerships
and all land use situations will encounter additional influences and new challenges,
situations not previously experienced, and ancillary implementation questions which
could potentially limit program growth and development.

Introduction

Wildland Fire Use (WFU) is the application of the appropriate manage-
ment response to naturally ignited wildland fires to accomplish specific
resource management objectives in predefined designated areas outlined in
Fire Management Plans (USDA/USDI 2005). What is currently wildland
fire use has its origins in ground-breaking management decisions and actions
in wildernesses, national parks, and other areas managed as de facto wilder-
nesses over three and one-half decades ago. As this program expanded and
evolved, planning processes, assessment procedures, and implementation
techniques continued to progress. But, to successfully accomplish objectives
as a land management practice in support of ecosystem maintenance, restora-
tion, and community protection at the necessary scale, both temporal and
spatial increases must be achieved and sustained. Consequently, wildland fire
use applications must expand beyond wilderness into other suitable areas and
broaden from a wilderness only application to one having potential applica-
tions across all land-use situations.
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Managing wildland fire in wilderness has prompted development of specific
procedures and processes in response to risks and challenges and has become
a proven and widely applied practice to meet ecological needs. Actual accom-
plishments by all agencies shows the average annual level of achievement from
2001 - 2005 to be about three times higher than the average annual output
for the previous five years (figure 1). Managing WFU in non-wilderness,
while having been applied since the late 1990’s, has not achieved widespread
use. However, the 2005 fire season exemplified the expanding nature of this
program; the single largest scale application of WFU in non-wilderness in
the United States occurred. The advent of WFU expanding into non-wilder-
ness adds a substantial management component and accomplishments can
be expected to increase over historic levels. Figure 1 illustrates WFU accom-
plishments since the implementation of the Federal Fire Policy in 1995 and
the 2005 non-wilderness accomplishment.

Continued programmatic expansion of wildland fire use is presenting new
challenges, previously unexplored situations, and additional implementation
questions which could potentially limit implementation. To support sustained
program expansion, these questions need addressed, management efficiency
must be improved, potential barriers to success should be eliminated, and all
prerequisites to continued implementation must be defined and in place.

Existing Challenges to Wildland Fire Use

Wildland fire use, regardless of the land use situation it is applied in, is af-
tected by a large number of factors that are supportive or potentially limiting
to this activity. These factors as experienced from a predominantly wilderness
land use situation are shown in table 1.
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R Annual Average

1996 = 2000
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éi
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1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

B non-wildemess E total

Figure 1T—Wildland fire use accomplishments for all agencies, 1995-2005; comparison
of annual total and non-wilderness for 2005 (source USFS, NPS data on file at National
Interagency Fire Center, Boise, ID and National Fire Plan Annual Performance Reports,
2001- 2004. NOTE: NFP data is tabulated by fiscal year, not calendar year.)
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Table 1—Current supportive and potentially limiting factors to wildland fire use (adapted

from Zimmerman, in press).

Supportive Factors

Potentially Limiting Factors

= To date, the most supportive federal
fire policy for using wildland fire as part
of the full spectrum of appropriate
management responses,

= To date, the highest level of advocacy
for using wildland fire to accomplish
resource benefits,

= To date, the highest level of scientific
support for and technical capabilities to
use fire,

o  Fire behavior prediction
models,

o  Long-term risk assessment
techniques,

o  Geographic information
system capabilities,

o  Satellite imagery useful in
assessing live fuel moisture,
smoke production and
dispersion, and fire locations,

o Improved meteorological
analysis and record keeping,

o  Fire effects prediction models,

o  Fuel measurements
techniques,

= To date, the highest level of knowledge
of fire effects and the natural role of
fire,

= Higher levels of public awareness and
understanding,

= Better definition and clarification in land
management planning process in
regard to the use of fire.

More dominant temporal limitations in
response to changing fuel complexes,
More assertive social demands, needs,
and tolerances which strongly sway
public opinion, affect management
opportunities, and in combination with
continually expanding wildland-urban
interfaces and associated protection
concerns, dramatically affect the ability
to apply fire across a wide spatial
spectrum,

Significant influence of threatened and
endangered species and sensitive
natural and cultural resource
considerations, protection, and
management in fire use decision-
making,

Changing fuel complexes and fire
spread and intensity rates effects on
increasing risk and complexity levels,
Continuing needs for expanded public
information,

Smoke management concerns.

Emerging Challenges to Wildland Fire Use

The array of factors exerting influence on wildland fire use in non-
wilderness encompasses the full set of factors listed in table 1. However,
programmatic expansion into non-wilderness has encountered new situational
elements presenting additional difficulty and complexity in wildland fire use
management. It is apparent that prerequisite to full implementation in non-
wilderness is the acknowledgement of the inseparability and equal importance
of ecologic, social, and economic needs and requirements. During the past
35 years, wildland fire use has focused on ecologic needs and requirements
as the most important objective. This focus is shifting as implementation
moves out of wilderness and specific challenges are emerging during non-
wilderness wildland fire use involving social and economic needs, planning
considerations, and implementation procedures. Areas where concerns and
questions associated with managing wildland fire use in non-wilderness have
surfaced are shown in table 2.
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Table 2—Emerging challenges supportive to, adding more management considerations, and potentially
increasing complexity for wildland fire use, based on the 2005 fire season non-wilderness applications.

Supportive Factors

Concerns and Questions -

Planning, Implementation, and

General Understanding

Additional Complexity
Influences

=  Communication,
education, and community
relations opportunities

= Private landowner support
for using wildland fire by
on private lands in
conjunction with federal
activities,

=  State agency support for
using wildland fire for
resource benefits by in
cooperation with federal
agencies,

= Support for State-led
efforts to improve forest
and watershed health and
reduce potential wildfire
effects

= Expansion of ecosystem
restoration and
maintenance and
hazardous fuel strategy
and accomplishments into
all land use situations.

= Expanded implementation
capability and greater
accessibility.

Number and kind of mitigation
actions needed for successful
management of the fire

Size constraints/limitations on
WFU in non-wilderness,
specifically in regard to
minimum size limits or
thresholds (size thresholds) and
a perceived similarity between
non-wilderness wildland fire
use management and
prescribed fire

Managing fire immediately
adjacent to an MMA
Equivalency to non-fire
treatments

Internal support for wildland
fire use

Communication, education,
and community relations
opportunities

Cost containment

Inclusion or exclusion of
private lands within the MMA
and wildland fire use affected
areas

Economic concerns —
protection of necessary natural
resources or establishment of
alternatives

Allotment fence protection —
protection of necessary social-
economic values

Proximity to values —
additional hazards

Increased smoke management
needs

Fuels and fire behavior of
lower elevational zones
Susceptibility of non-
wilderness to post-fire
proliferation of invasive
species

Supportive Factors

Communication, Education, and Community Relations—Perhaps one
of the best opportunities to accomplish local communication and outreach is
available during implementation of wildland fire use events in non-wilderness.
The proximity of these fires to communities and increased public and media
awareness due to the fire visibility, while likely adding difficulty to manage-
ment actions, creates a virtual “classroom” where program and fire benefits
can easily be explained and illustrated to increase public understanding and
support. Such opportunities should be fully explored and utilized.

Increased Collaboration in the Use of Wildland Fire to Accomplish
Beneficial Effects—
¢ Private Landowner Support for Using Wildland Fire on Private Lands—
Much of the public and many but not all, private landowners are
recognizing the value of restoring and maintaining fire-adapted ecosys-
tems. This year, as wildland fire use expanded outside wilderness and
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proximate to private lands, significant interest in support of managing
fires and numerous requests to include private lands in management
areas were received. This unprecedented level of interest and request
for collaborative involvement and management by private landowners
illustrates a growing trend toward greater support for the use of wildland
fire where feasible. Management agencies are actively responding to this
interest in all possible ways and future wildland fire use applications
in non-wilderness will be collaborative efforts, with federal, state, and
private partners involved.

¢ State Agency Support for Using Wildland Fire for Resource Benefits—New
initiatives aimed at the improvement of ecosystem health are providing
an impetus to capitalize on all possible fuel treatment activities, bio-
mass utilization opportunities, increased use of wildland fire, and the
restoration of fire-adapted ecosystems throughout western states (State
of New Mexico 2004, State of Arizona 2005). As implementation plans
are developed, collaborative activities are receiving increasing attention.
While some State agencies are limited in their authority to use fire,
they recognize the role of fire in restoration and maintenance of forest
and watershed health and are providing increasing support to Federal
agencies in the use of wildland fire. In situations where authorities per-
mit it, State agencies are becoming actively involved in planning and
implementing wildland fire use. Increasing collaborative implementation
of wildland fire use is occurring. This type of cooperative involvement
includes federal agencies, state agencies, private organizations, and private
landowners to some degree and will lessen barriers to implementation,
potentially reduce costs, and advance the use of wildland fire for resource
benefits.

Additional Support for State-Led Efforts to Improve Forest and
Watershed Health and Reduce Potential Wildfire Effects—As State agen-
cies seek to implement forest and watershed health initiatives and programs,
they are incorporating all viable strategies. Since wildland fire has been such
an important factor influencing the structure and composition of many eco-
systems, fire risk reduction in many areas can be achieved by restoration of
natural fire and community protection capability can be enhanced by WFU.
Wildland fire use is a viable and increasingly important management option,
especially as expanding experience demonstrates the mitigating role fire can
perform. Expanding application of WFU directly supports state-led efforts
and compliments new initiatives and programs.

Expanded Implementation Capability and Greater Accessibility—
Managing wildland fire in non-wilderness presents a different capacity for
implementation than in wilderness. Specifically, most areas have a well-defined
road network and improved access. A wider range of tools and tactics to
complete mitigation actions is available and improved access increases the
ability to implement mitigation actions. However, fires are often closer to
Wildland-Urban Interface (WUI) areas. This spatial situation can affect tim-
ing, duration, and kind of mitigation actions that can or must be applied.

Concerns and Questions — Planning, Implementation, and
General Understanding

Wildland fire use implementation in non-wilderness will by necessity, fre-
quently, but not always, be implemented on a smaller scale than in wilderness.
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This requires closer attention to maximum manageable areas, potentially more
in-depth operational planning, and a need for greater mitigation actions to
successfully manage the fire within the desired area, respond to other societal
concerns, influence fire behavior, and protect sensitive areas. A primary differ-
ence between this application and wilderness implementation is, commonly in
wilderness, size and time are the primary mitigation measures used to ensure
the fire will remain within the desired area and mitigate potential threats.

Number and Kinds of Mitigation Actions—Management of WFU does
not have a strict requirement of no on-the-ground action; in fact, smaller area
management actions must be commensurate with values to be protected, de-
sired objectives, and are described in detail in Wildland Fire Implementation
Plans (WFIP). The number of management actions identified in WFIPs will
always be in response to the fire risk (based on values, hazards, and prob-
ability) (USDA/USDI 2005). Non-wilderness fires are proving in general,
to present a slightly higher risk level. Consequently, more management ac-
tions are often necessary in these areas than for comparable size wilderness
wildland fire use events.

In addition to the amount of mitigation actions, the kind of actions
also can vary. While wilderness fire implementation can have a high focus
on monitoring, mapping, and closures with some on-the-ground holding
or checking actions, non-wilderness fires frequently require more intense
containment actions including wider use of standardized firefighting opera-
tions. The scale of burn out operations can vary dramatically and range from
small site-specific actions that carry fire along a road, fence line, or property
boundary to larger applications of burning through sensitive resource areas
or adjacent to private property with ground or even large-scale aerial ignition.
These types of focused and more intense management actions, seemingly
inconsistent with the original philosophy of restoring fire to wilderness, are
not inconsistent with objectives of ecosystem restoration and maintenance in
all land use situations. In fact, they may be a necessity on a specific piece of
ground and are no more than the specific situational requirements of using
wildland fire to accomplish resource benefits.

Size Thresholds and Similarity to Prescribed Fire—Questions have
arisen regarding size thresholds of non-wilderness WE U applications; specifi-
cally, are more intense efforts to manage long-duration wildland fires justified
for smaller areas or would prescribed fire more etficiently accomplish this?
Wildland fire use is a viable tool for accomplishing landscape scale ecosystem
restoration and maintenance. Prescribed fire has high applicability for site-
specific applications conducted on small to mid-scale levels. As scale increases,
prescribed fire becomes a longer duration proposition with less specificity in
objectives. A key difference between prescribed fire and wildland fire use is
the degree of precision necessary to accomplish objectives. For site-specific
actions identifying specific measurable objectives, greater precision in applica-
tion may be required. Small-scale prescribed fire affords the ability to obtain
higher precision through more control over area burned, time of burning,
direction of spread, rates of spread, intensity and severity, duration of burn-
ing, and potential fire effects. But, the larger the scale, the more ditficult it
becomes to exercise and maintain this level of specificity. Wildland fire use
affords more influence over restoration of fire as a natural process but less
influence over specific effects. When objectives relate to process restoration
across a landscape with differential fire behavior, differential fire effects,
and alteration of fuel complexes, stand structure, and stand composition as
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desired attributes; wildland fire use is an effective tool. In non-wilderness,
size thresholds for WFU have limited value; there is no clearly definable lower
size limit for WFU application. Wildland fire use in non-wilderness, while
at times appearing operationally similar to prescribed fire, is appropriate to
restore fire as a natural process and accomplish ecosystem maintenance and
restoration objectives across landscapes, and in the majority of situations, will
be as effective ecologically and economically. It should be considered /applied
in all cases where it can accomplish landscape level effects (could occur in
relatively small areas; the majority of all wildland fire use events are small size,
short duration, inactive, and ecologically insignificant) and total application
size will be influenced primarily by fuel types and continuity, just as wilder-
ness fires are. But, a key difference will be the etfect of land-use activities and
land ownership patterns on implementation activities.

Managing Fire Adjacent to MM As—Managing WFU in smaller land-
scapes creates numerous situations where the fire is immediately adjacent to
a MMA. Past experience portrays this scenario as an undesirable situation.
Textbook examples of MM As nearly always show a fire well within an MMA
in order to provide potential spread area for the fire and increased opportuni-
ties for management action points to mitigate or eliminate threats throughout
the life of the fire. The smaller areas encountered in non-wilderness present
situations where the fire can be immediately adjacent to the MMA from
the onset or management actions burn out fuels between the fire and the
MMA causing the fire to be adjacent to the MMA. These situations may be
encountered during WFU implementation, will be more frequent in non-wil-
derness applications than in wilderness situations, and are not inappropriate
or undesirable. Having fire against the MMA is only inappropriate when it
taxes control capabilities, results from situations not described in the WFIP
management actions, and /or is unanticipated. So long as management actions
facilitate the accomplishment of objectives, having fire immediately adjacent
to the MMA is acceptable.

Equivalency to Non-Fire Treatments—Managing WFU in non-wilder-
ness in smaller areas or within the bounds of established road systems where
additional mitigation actions are needed or where the fire is adjacent to the
MMA introduces the question of whether objectives can be accomplished
easier, quicker, and/or less expensively through the application of non-fire
fuel treatments. Again, the precision of the objectives dictates what the most
appropriate treatment technique should be. It is very difficult for non-fire
treatments to simulate a natural fire and its effects. The timing of natural
fire, its ability to present differential fire behavior and its indefinite dura-
tion across a range of weather conditions all contribute to the effects of fire.
Non-fire treatments are more structured, lack the range of effects, and can
be completed in finite timeframes that may be shorter than for a natural fire.
In terms of expense, wildland fire use is proving to be less expensive than
non-fire treatments, depending upon the final size. The long-term benefits
of wildland fire use in terms of hazardous fuel removal, restoration of overall
ecosystem health as reflected through changed fire regime condition class
levels, restoration of fire as a natural process, and reduction of the threat of
tuture wildfire spreading across landscapes and land ownerships outweigh
short-term economic investments.

Internal Support for Wildland Fire Use—Some internal agency and
interagency groups are resistant to accept wildland fire use as a legitimate fire
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management option. The individuals and groups are either “holding on” to
old traditions or lack a complete understanding of the Federal Wildland Fire
Management Policy. While the concentration of such attitudes vary among
agencies and organizations, this current position must mature before WFU
can be totally integrated into fire management strategies.

Communication, Education, and Community Relations Oppor-
tunities—Objectives of WFU, associated risks, planning procedures,
implementation practices, and potential tradeofts have not always been under-
stood and were sometimes not well accepted. An understanding of the guiding
principles and objectives of the WFU program by the public and media is
essential for social and political acceptance and endorsement. Currently, this
understanding is increasing and may be at an all time high, but there is still
a continuing need to establish and maintain a proactive communication and
education effort for both the program and individual fire level.

While general public awareness of the role of fire in western ecosystems
is increasing, smoke on the horizon will remain unsettling to much of the
public, particularly as more fires are managed in proximity to and visible from
urban areas adjacent to wildlands. An understanding of the full range of ap-
propriate management responses to wildland fire is needed as opposed to an
oversimplified belief that all fires can and should be extinguished, preferably
by fire retardant dramatically delivered by large air tankers.

Increasing programmatic accomplishments can provide a basis for im-
proving long-term community relations in regard to the wildland fire use
program. Fire restoration in highly visible areas can graphically demonstrate
that wildland fire use operational actions are safe, well planned, adequately
funded, and effectively executed. Strengthened awareness of the natural role
of fire and fire effects, the role and value of ecosystem restoration needs in
all land use situations, and removal or reversal of professional and public
controversies surrounding fire management perspectives and philosophy can
result from successful implementation. Landowners and community leaders
may be stimulated to complete Community Wildfire Protection Plans and
become much more proactive in hazard fuel reduction.

Cost Management—Cost management has become a significant topic
of concern by agency administrators regarding both suppression fires and
WEU events. High scrutiny and review of large fire suppression costs seem
to be fostering a general feeling that equates low cost as a principle measure
of success. Implementing an appropriate management response that is truly
the best action for a given set of circumstances will have an associated cost.
This cost should always be monitored and managed at an efficient level. But,
it must be accepted as the price of implementing the proper action and not
be the cause for reactive alteration of strategies and tactics.

Additional Complexity Influences

Inclusion of private lands—In many previous applications of the use of
wildland fire to accomplish resource benefits, it was common to protect private
lands and, in the process, exclude fire from burning outside federal lands.
In 2005, there was considerable interest on the part of private landowners
to be included in many wildland fire use applications if possible. Since this
is converse to past planning and implementation practices, procedures to
include private lands are not clear.
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Wildland fire use is part of the full range of appropriate manage-
ment response actions consistent with the Interagency Strategy for the
Implementation of Federal Wildland Fire Management Policy (WFLC
2003). Some States support the implementation of WFU and are prepared
to serve as cooperators in the management of the wildland fire including the
development of systems and methods for the use of wildland fire on private
lands. In addition, several states have developed statewide plans that address
forest and watershed health. Other states are currently developing new policy
to allow for the orderly proposal and designation of areas where alternative
suppression strategies may be employed consistent with values at risk, fire
ecology, and historic fire return intervals, and potential fire severity. This
policy will provide a process to manage wildland fires under predetermined
conditions, criteria, and prescriptions on federal, state, county, and private
lands, as appropriate.

Specific authorities allow the Forest Service to enter into agreements with
willing State governments and landowners for the protection, restoration,
and enhancement of fish and wildlife habitat, and other resources on public
or private land that benefit those resources within the watershed. The Wyden
Amendment provides for benefits that include improving, maintaining, or
protecting ecosystem conditions through collaborative administration and /or
implementation of projects; improving collaborative efforts across all owner-
ships, not just limited solely to adjacent Forest Service lands; and increase
operational effectiveness and efficiency through coordination of efforts,
services, and products.

Collaboration to explore and utilize all opportunities to maximize ecologi-
cal restoration activities and cross-jurisdictional, landscape efforts has yielded
procedures for wildland fire use implementation adjacent to or potentially
impacting private lands. Three scenarios have been developed to date: where
State agencies can represent private landowners and collaboratively work with
Federal agencies to implement WFU, where State agencies are limited in their
capacity to implement WFU and agreements between Federal agencies and
private landowners must be developed, and where agreements between Federal
agencies and County governments must be developed. These scenarios are:

¢ State representation of private landowners and collaborative implemen-
tation—In some states, the state agency will be a cooperator in the
management of the fire, including the development of systems and
methods for the use of wildland fire on private lands. The State agency
will provide the Federal agency with a Delegation of Authority to the
Incident Commander or Fire Use Manager that directs them to manage
the fire across private lands under State authority with the appropriate
management response that could move across/around/remain outside
of private lands.

¢ Individual Landowner Agreements—In some states, the State Forester
may furnish advice to the people of the state on forestry matters and
has the authority to prevent and suppress any wildfires on state and
private lands located outside incorporated municipalities, and if subject
to cooperative agreements, on other lands located in this state or in
other states. The State Forester has the responsibility to prevent and
suppress wildfires only on lands covered by cooperative agreements.
However, no provision exists for the responsibility of wildland fire on
private lands to rest with the State Forester. Therefore, he/she cannot
re-delegate authority to the Forest Service to include private lands as part
of WFEU activities. So, procedures for WFU implementation adjacent to
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or potentially impacting private lands in these states must either involve
excluding private lands from the WFU area or developing individual
landowner agreements between the Federal agencies and landowners.

® Pre-existing agreements with County Governments—During the period
between 1999 and 2001, the Bureau of Land Management (BLM), in
coordination with the USDI Solicitors Office, developed an agreement
format to utilize when developing pre-existing agreements allowing for
wildland fire use (on file, BLM Colorado State Office). The National Fire
Plan emphasized that local and county governments should develop fire
management plans for their jurisdictions that may or may not incorporate
wildland fire use into their management schemes.

Economic Concerns — Protection of Necessary Natural Resources or
Establishment of Alternatives—From an economic standpoint, wildland
fires in non-wilderness potentially pose increased economic threats. A notable
example is the impact to livestock operators. In some cases, these impacts
can be mitigated by movement of livestock to alternative areas, delaying or
checking the spread of fire through a specific area, or by maintaining a set of
alternate grazing areas (vacant allotments, seasonal exceptions, etc.) that could
constitute “grass banks.” Whatever the specific action taken is, managers face
additional concerns that must be planned for and effectively implemented. If
not fully accounted for and addressed, these situations could severely limit
wildland fire use applications.

Allotment Fence Protection — Protection of Necessary Social-Economic
Values—Using wildland fire to accomplish resource benefits is almost uni-
versally accepted as producing only beneficial effects. But in fact, these are
wildland fires, burning with differential fire behavior from random points of
ignition and across widely ranging and partially mitigated areas. While fires
have definite ecological benefits, they can also have some social and economic
impacts. Allotment and pasture fences represent an additional concern, if not
properly planned for, could limit or restrict wildland fire use applications.
Many fences across federal lands are constructed of wood posts and stays. Even
low intensity surface fires can remove most or all of these wood materials.
There are also fences on private lands that can be impacted. If the allotment
or pasture integrity is lost from fire damage, economic impacts to livestock
operators can be incurred from movement of livestock or loss of grazing
opportunities. Long-term impacts can result from inability to re-construct
fences on both public and private lands; there is no avenue currently available
to the federal land management agency to assist landowners in repairing or
replacing damaged structures on private lands.

Threats to fences must be addressed as a social-economic concern during
the planning process and mitigation actions must be developed that protect
the fences or allow for movement of livestock to alternative sites. Such mitiga-
tion actions would need to be coupled with a strategy for either protection
or reconstruction to eliminate longer-term impacts.

Proximity to Values — Additional Hazard—Many wildland fires in
non-wilderness will be situated in closer proximity to private lands and even
to communities and developed areas. Decreased distance from values to be
protected can result in higher probabilities of rare fire spread events, greater
spread potential depending on fuel types, and a likelihood of more area
covered by finer fuel types. Overall, non-wilderness land use situations will
present a higher hazard and correspondingly, increasing risk.

USDA Forest Service Proceedings RMRS-P-41. 2006.



Wildland Fire Use—Challenges Associated with Program Management Across Multiple Ownerships...

Proximity to Values — Increased Need for Communication, Education,
and Community Relations—While an aggressive and efficient communica-
tion and education eftort for wildland fire use programs and for each wildland
fire that is managed is important, it is imperative for this to occur when fires
are closer to developed areas or are visible daily. Without this, inaccurate
perceptions, assumptions, or beliefs could strongly sway public opinion, af-
fect management opportunities, and have fast-acting impacts on our ability
to use fire across diverse landscapes.

Increased Smoke Management Need—Having fires closer to urban areas
increases concerns over smoke management. Since WFU events may be of
longer durations, smoke production will ebb and flow according to weather
and fire behavior and present an increased element of complexity. Some
weather combinations will result in undesirable smoke conditions. Additional
planning will be required to ensure fires can be managed while meeting air
quality and smoke management needs.

Fuels and Fire Behavior of Lower Elevation Zones—Public lands are
managed with significant industrial, commercial, agricultural and recreational
use on-going almost on a year-round basis. Fuel types typically found on
lower elevation areas tend to support fire behavior characterized by rapid
spread rates and high intensity. Using wildland fires to accomplish resource
benefits in such areas can be difficult and require a much more aggressive
timetable to complete planning requirements as well as constant awareness and
attentiveness to the escalating fire situation in order to maintain the ability
to implement timely mitigation actions. Various levels of pre-planning can
help but generally, all planning and implementation activities after ignition
occurs must take place in a more accelerated timeframe than in areas sup-
porting less flammable fuel types.

Susceptibility of Non-Wilderness to Post-Fire Proliferation of Invasive
Species—A concern in much of the arid western United States is the invasion
of burned areas by non-native and noxious species. Though managed fire is
beneficial in the long term, short-term protection against invasive species
until native plants are established may be needed. If invasive species invade an
area, fire hazard can become considerably more severe. There are no simple
methods available to mitigate the potential for invasive species entering a
burned area once the fire has passed. Current policies do not permit the
use of emergency stabilization funds on WEU events. This has created the
need for fire and land managers to pursue a variety of means to implement
short-term mitigation actions that reduce or minimize the risk of invasive
species spread and intensification and soil erosion on burned areas. In some
instances, a lack of mitigation options has caused agency administrators to
choose a suppression strategy so that emergency rehabilitation and stabiliza-
tion funds can be accessed.

Summary

The long history of fire suppression and protection of natural resources has
fostered definitive and well-established attitudes regarding “good” and “bad”
aspects of wildland fire. As wildland fire became increasingly important to
accomplish beneficial effects, general understanding and acceptance did not
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keep pace. A “let burn” perspective that evolved over the years pervaded the
general thinking about fire management. Confusion associated with seem-
ingly conflicting objectives of fire suppression and fire management resulted
and general program endorsement suffered. Appreciation and understanding
of the natural role of fire and fire effects are now reaching an all time high
and attitudes are changing accordingly, although slowly.

Wildland fire use has proven to be an effective management practice in
wilderness and is now expanding into non-wilderness situations with highly
successful results. The use of wildland fire in non-wilderness must be ap-
plied under certain circumstances and within specific bounds. Even though
success has been achieved, this practice is not suitable in all non-wilderness
situations, and may not even be feasible in others. As this program expands
across multiple ownerships and land use situations, new challenges, higher
complexity, and needs to address additional management concerns, on-
the-ground mitigation actions, and public concerns are surfacing. Specific
challenges facing managers in these areas include: private lands, protection
of economic concerns, values to be protected and their proximity, increased
smoke management concerns, and numerous planning, implementation, and
interpretation questions.

Expansion of wildland fire use outside wilderness has the potential to
increase vegetation mosaics, decrease long-term wildfire potential, and in-
crease community protection capability. Expanding wildland fire use beyond
wilderness and across all land-use situations will broaden fire management
accomplishments, strengthen ecosystem maintenance and restoration and
community protection strategies, and advance land management practices.
But, successful management must be predicated upon continued and pro-
active collaboration among federal and state agencies, private organizations,
and private landowners.
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U.S. Policy Response to the Fuels Management
Problem: An Analysis of the Public Debate
About the Healthy Forests Initiative and the
Healthy Forests Restoration Act
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Kristen C. Nelson*

Abstract—The Healthy Forests Initiative (HFI) and Healthy Forests Restoration Act
(HFRA) represent major policy and legislative responses to the fuels management
problem in the United States. This study examined the nature and evolution of the
public discussion and debate about these policy responses. Computer content analysis
was used to analyze favorable and unfavorable beliefs about HFI / HFRA expressed in
about 2,800 news stories published from August 1, 2002 through December 31, 2004.
The most frequently mentioned favorable beliefs that emerged included the view that
HFI / HFRA will (1) reduce the risk of catastrophic wildfire, (2) protect people, com-
munities, and property, and (3) cut red tape and speed up decision making processes.
The most commonly expressed unfavorable beliefs included the view that HFI / HFRA
(1) is an excuse to increase logging, (2) will weaken environmental protections, and
(3) will reduce public input. Some evidence was found of a growing consensus on
the problem of fuel buildup and the need to reduce the risk of wildfire. But mistrust
was found to be an ongoing issue as the HFRA is implemented. Building public trust
will be a key to continuing to gain support.

Introduction

The Healthy Forests Initiative (HFI) and Healthy Forests Restoration Act
(HFRA) represent major policy and legislative responses to the fuels man-
agement problem in the United States. This study examined the nature and
evolution of the public discussion and debate about these policy responses,
as expressed in the news media.

Research by communications and public opinion researchers has found that
the news media both shape and reflect public attitudes and beliefs about a
wide range of social issues (Burgess 1990; Fan 1988; McCombs 2004 ). For
example, Elliott and others (1995) found a significant impact of changes in
media coverage on the level of public support for environmental protection.
The news media also strongly influence agenda-setting for public policy is-
sues (Dearing and others 1996; McCombs 2004 ). In other words, there is a
relationship between the relative emphasis given by the media to issues and
the degree of salience these topics have for the general public. Therefore,
analysis of the public debate about social issues contained in the news media
is not mere “media analysis,” it is a window into the broader social debate
and a means to gauge, indirectly, public attitudes.
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Part of the explanation for the influence of the news media on public
attitudes is the importance of the media as the primary information source
for public policy issues, including forestry and other environmental issues.
For example, a survey in Oregon found that “The most important sources
of information about forestry issues tend to be newspaper and television,
followed by radio, other printed materials, friends and relatives, and interest
groups. Only 16 percent overall considered natural resource agencies to be
important sources” (Shindler and others, 1996: 7).

The news media have also been found to be important information sources
with respect to wildfire. In a study of public support for fuel reduction
strategies in forest-based communities, Shindler and Toman (2003) asked
respondents to rate the usefulness of information sources. Newspapers and
magazines were rated as most useful, and the percent of respondents who
rated the USDA Forest Service as a useful source dropped from 60 percent
in 1996 to 48 percent in 2000.

Given the strong influence of the news media on public attitudes and the
importance of the news media as an information source about wildfire, fire
managers and policy makers need a better understanding of the way in which
fire and fire policy is discussed in the media. Lichtman (1998: 4) argued that
building support for fire policy will require paying close attention to the ways
in which fire is portrayed in the public discourse. This paper contributes to
this understanding by analyzing the news media discussion of the Healthy
Forests Initiative (White House 2002) and the Healthy Forests Restoration
Act of 2003. The following section describes the data and methodology used
in this study, followed by a discussion of the main findings. A final section
discusses the conclusions and implications for wildfire policy in the United
States.

Methodology and Data

This analysis involved five main steps: (1) identifying news media stories
dealing with HFI / HFRA and downloading them from an on-line commer-
cial database, (2) “filtering” the text to eliminate irrelevant news stories, (3)
identifying favorable and untavorable beliefs about HFI / HFRA contained
in the stories, (4) developing computer instructions to score the paragraphs
for the identified beliefs, and (5) assessing the accuracy of the analysis. These
steps are briefly described in the following paragraphs.

Data for this study consisted of the text of articles from over 200 U.S.
news media sources downloaded from the LexisNexis® online database. A
Boolean search term was developed to identify articles about HFI / HFRA.
The time frame for the analysis covered August 1, 2002 (the month in
which the Healthy Forests Initiative was first proposed) through December
31, 2004. The downloaded text was then “filtered” using the Infolrend™
method (described briefly below) to remove news stories that were not about
the HFI or HFRA.

Favorable and unfavorable beliefs about HFI / HFRA were identified by
reviewing a random sample of news stories. Eight main favorable beliefs and
seven unfavorable beliefs were identified. The specific favorable and untavor-
able beliefs are discussed in the following section.

Scoring the text for expressions of the favorable and unfavorable beliefs was
done using the Infolrend computer content analysis method and software.
An algorithm was developed to score the text, that is, to count the number
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of expressions of each of the beliefs. Briefly, this involves development of a
dictionary (composed of a list of ideas related to the favorable and unfavor-
able beliefs, and groups of words and phrases associated with each idea) and
a series of idea transition rules (computer instructions specifying how pairs
of ideas in the dictionary are combined to give new meanings).

For example, one favorable beliet that was expressed in the news stories
and scored in this analysis is that HFI and HFRA will reduce the risk of
wildfire. For this belief] a set of dictionary terms such as “avert,” “control,”
“curb,” “eliminate,” “decrease,” “risk of,” etc., was developed and used to
identify expressions of the concept of 7educe risk. Another set of terms such as
“blaze,” “burn,” “fire,” etc., was used to identify expressions of the concept
wildfire. An idea transition rule was then developed specifying that when
a “reduce risk” term and a “wildfire” term are in close proximity of each
other within a paragraph that mentions HFI or HFRA, then one expres-
sion of the belief that HFI / HFRA will reduce wildfire risk is counted. For
example, the statement “With 190 million acres at high 7isk of catastrophic
fire across the country, this is the kind of partnership we need if we are going
to conserve forests...” (Norton 2003: B7) connects the ideas “wildfire” and
“reduce risk” in the context of a paragraph discussing HFI / HFRA, and
was counted as one expression of the belief that HFT / HFRA will reduce
the risk of wildfire.

To identity expressions of the belief that HFI or HFRA do not reduce
the risk of fire, the same process was used but with the addition of a set of
negation terms (for example, “not,” “won’t,” “can’t,” “fail”) in close proxim-
ity to a statement that HFI or HFRA reduces wildfire risk via another idea
transition rule.

Finally, an assessment of the accuracy of the scoring was done by review-
ing a random sample of paragraphs to check the accuracy of computer-coded
results. After final refinements in the dictionary and idea transition rules,
accuracy rates for the scoring of beliefs about HFI / HFRA were all in ex-
cess of 80 percent, which is used as an acceptable accuracy level in content
analysis (Krippendorft 1980).

Findings and Discussion

We found approximately 2,800 news stories about HFI / HFRA for the
analysis time period August 1, 2002 through December 31, 2004. To put the
number of stories in perspective, for the same time period and for the same news
sources, there were more than 45,000 stories about wildfire, so news media dis-
cussion of HFI / HFRA was only about 5 percent of the volume of all wildfire
discussion. The most commonly expressed favorable beliefs that we found about
HFI / HFRA, in order of prevalence, included the beliefs that HFI / HFRA:
(1) will reduce the buildup of fuels in forests and reduce the risk of catastrophic
wildfire, (2) will cut red tape, streamline bureaucracy, and speed up decision
making processes, (3) will protect people, communities and property, (4) will
restore “forest health,” (5) will help deal with insect infestation and disease,
(6) will create economic benefits, such as job creation and sustaining the local
economy in forest-based communities, and (7) involves a collaborative approach
with community involvement and partnerships.

In addition to these seven specific favorable beliefs about HFI / HFRA,
we found many non-specific favorable expressions, such as the belief that HFI
was “a step in the right direction” or HFR A was a “common sense” approach.
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A “general favorable” category was created to count all of these non-specific
expressions of support for HFI / HFRA. There were also a number of infre-
quently expressed favorable beliefs, such as the view that HFI / HFRA will
help protect wildlife and wildlife habitat, or that it will pay for itself. These
beliefs were not tracked in this analysis because they were rarely expressed.

Figure 1 shows the share of each favorable belief as a percent of all expres-
sions of favorable beliefs about HFI / HFRA in our database. The most
frequently expressed favorable beliet was “reduces fire risk,” the view that
HFI / HFRA will reduce fuel buildup and reduce the risk of catastrophic
wildfire. This belief accounted for 38 percent of all expressions of favorable
beliefs. An example of an expression of this beliet scored by our computer
content analysis instructions is: “If signed, the bill will give foresters the
funds and tools they need to prevent catastrophic wildfires from threatening
homes and watersheds, supporters say,” (deYoanna 2003: B1). This text was
also scored as an expression of the beliet that HFI / HFRA will “protect
people, communities, and property.”

“General favorable” expressions about HFI / HFRA was the second most
trequently expressed favorable beliet, accounting for 26 percent of all favorable
beliefs. “Cuts red tape” was the third most frequently expressed, followed
by “protects people, communities and property,” and “restores health.” The
other three favorable beliefs were not often expressed and were not a signifi-
cant part of the public discussion.

The most commonly expressed unfavorable beliefs that emerged in the
news media debate included the beliets that HFI / HFRA will: (1) be an
excuse to increase logging and is really a subsidy to the timber industry, of-
ten referred to in the news media discussion as “stealth logging,” (2) reduce
or weaken important, long-standing environmental protections, (3) reduce
public input and threaten citizens’ rights to be involved in decision-making
on U.S. National Forests, (4) fail to reduce the risk of catastrophic wildfire,
(5) fail to protect people, communities, and property, and (6) fail to restore
torest health.

Reduces Fire Risk

General Favorable

Cuts Red Tape |

Protects People...

Restores Health

Favorable Beliefs

Bugs / Disease

Econ Benefits []

Collaborative ||

0 5 10 15 20 25 30 35 40
Percent

Figure 1—Share of favorable beliefs about the Healthy Forests Initiative and Healthy
Forests Restoration Act, August, 2002 through December, 2004.
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There were also many general, non-specific unfavorable expressions related
to HFI / HFRA. These included unfavorable characterizations of HFI /
HFRA such as “deceptive,” “double-speak,” “smoke and mirrors,” and so on.
In addition, there were also a number of infrequently expressed unfavorable
beliefs, such as the view that HFI / HFRA will be too costly, will result in
more roads in National Forests, or will harm wildlife habitat due to increased
logging. These infrequently expressed unfavorable beliefs were not tracked
in this analysis.

Figure 2 shows the share of each unfavorable beliet as a percent of all ex-
pressions of unfavorable beliefs. The most frequently expressed unfavorable
belief was “stealth logging,” the view that HFI / HFRA is primarily about
logging and subsidizing the timber industry. This belief accounted for 32
percent of all expressions of unfavorable beliefs. An example of an expres-
sion of this belief'is: “The “Healthy Forests Restoration Act” passed by the
U.S. House this week has nothing to do with healthy forests and everything
to do with a return to environmentally reckless, taxpayer-subsidized timber
cutting,” (The Columbian 2003: C8).

“General unfavorable” expressions also accounted for 32 percent of all
unfavorable beliefs (fig. 2). “Reduces environmental protection” was the
third most frequently expressed unfavorable belief, followed by the belief
that HFI / HFRA “limits input.” The other three unfavorable beliefs were
not often expressed and were not a significant part of the public discussion
as reflected in the news media.

Figure 3 shows an aggregation of all favorable and all unfavorable beliefs
about HFI / HFRA expressed in the news media over time. Peaks in the
volume of discussion are associated with major events. The biggest spike in
discussion occurred in August, 2003 and coincided with President Bush us-
ing wildfires in the western U.S. as a backdrop for promoting the Healthy
Forests Initiative. Other spikes in coverage are associated with the introduc-
tion of HFI by President Bush in August, 2002, the passage of HFRA by
the U.S. House of Representatives in May, 2003, Senate passage of HFRA
in October, 2003, and the signing of HFRA by President Bush in December,
2003. Since that time, there has been a dramatic drop in the volume of news
media discussion of HFI / HFRA.
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Figure 2—Share of unfavorable beliefs about the Healthy Forests Initiative and Healthy
Forests Restoration Act, August, 2002 through December, 2004.
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Figure 3—All favorable and all unfavorable beliefs about the Healthy Forests Initiative
and Healthy Forests Restoration Act, August, 2002 through December, 2004.

We also found evidence in our database of HFI / HFR A news stories of
a growing consensus about the fuel buildup problem and the need to deal
with it. Although we did not develop computer instructions to explicitly
identify expressions of this idea, this growing consensus was evident in the
news stories we analyzed. For example:

“There’s strong consensus that the forests, particularly the federal forests,
are in fuel conditions that are unnatural because of fire suppression and past

management choices. There’s probably strong consensus on what can be
done” (Cruz 2002: Bl).

“We have serious reservations about some details of the President’s Healthy
Forests Plan. But we have no lingering doubts about the need for Congress
to approve fire legislation” (Oregonian 2003: Bl)

“It doesn’t matter your race, religion or political beliefs—you have to make
sure you don’t have a forest fire in your backyard” (Ratt 2004).

Other researchers have argued that there is a growing consensus among
many stakeholders that fuel buildup and the risk of catastrophic wildfire is

of great concern, especially in the wildland urban interface (Vaughn and
Cortner 2005).

Concluding Comments

This study examined the national debate about the Healthy Forests Ini-
tiative and Healthy Forests Restoration Act as reflected in the news media.
A primary conclusion is that the Bush administration has been successtul in
connecting the Healthy Forests Initiative and the Healthy Forests Restoration
Act with the need to reduce the risk of catastrophic wildfire and excess fuel
buildup. The most frequently expressed belief in the news media discussion
and debate, cither favorable or unfavorable, was that HFI / HFR A will reduce
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the risk of wildfire. Reducing wildfire risk has been the main selling point of
HFI / HFRA and it has resonated loudly in the public discourse.

It is notable given the term “healthy forests” in the titles of the HFI and
the HFRA that there was very little discussion of the favorable beliet “re-
stores health” in the news media discussion. Even if the “bugs and disease”
category were combined with “restores health” in a broader forest health
category, this would still only rank fourth in frequency of expression among
the favorable beliefs.

The most frequently expressed unfavorable beliet, “stealth logging,” indi-
cates a strong lack of trust in the legislation, the Administration’s motives,
and in the Forest Service’s implementation of HFRA. In addition, the terms
used to identify “general unfavorable” expressions about HFI / HFRA also
conveyed deep distrust. Examples of these terms include “cynically named,”
“deceptive,” “dishonest,” double-speak,” “duplicitous,” “insidious,” “mis-
leading,” “Orwellian,” “pernicious,” “smoke and mirrors,” “untruthful,”
and so on. Others have noted the vital role of building and maintaining trust
in fuels management (Winter and others, 2004). Building trust will be a
key concern for the Forest Service as it implements HFRA. The public and
other stakeholders will be watching closely to see how the Healthy Forests
Restoration Act is implemented.
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Influences on USFS District Rangers’ Decision
to Authorize Wildland Fire Use

Martha A. Williamson?

Abstract— United States wildland fire policy and program reviews in 1995 and 2000
required reduction of hazardous fuel and recognition of fire as a natural process.
Although an existing policy, Wildland Fire Use (WFU), permitted managing natural
ignitions to meet resource benefits, most fuel reduction is still achieved through me-
chanical treatments and prescribed burning. However resource constraints suggest that
successful fuel and ecosystem management hinges on expanding WFU. The decision
to authorize WFU in the U.S. Forest Service rests with line officers, and the ‘go/no go’
decision constitutes a time-critical risk assessment. Factors influencing this decision
clearly impact the viability of WFU.

This study examined influences on line officers’ go/no go decision. A telephone
survey was conducted of all U.S. Forest Service district rangers with WFU authority in
the Northern, Intermountain, and Southwestern Regions. The census was completed
during February 2005 and obtained an 85 percent response rate. Data were analyzed
using classification and regression tree (CART) analysis.

Personal commitment to WFU provided the primary classifier for 91 percent of the
district rangers who authorized WFU. External factors, negative public perception,
resource availability, and a perceived lack of support from the Agency were the main
disincentives to authorizing WFU.

Introduction

Fuel buildup resulting from a century of fire exclusion has left millions
of acres prone to higher severity wildland fires than those that historically
visited the landscape. Active fire seasons in 1994 and 2000 drew attention to
this unanticipated consequence of fire suppression. As a result, national fire
policy has shifted towards hazardous fuel reduction and recognition of fire as
an essential ecological process. In an attempt to reduce the immediate likeli-
hood of ‘catastrophic’ wildfire while providing performance measures, agency
direction has focused on mechanical treatments and prescribed burning.

Despite this effort to address fuel accumulation, fuels still accumulate at
two to three times the current treatment rate (USDA-FS 2004). The most
accessible, and therefore least expensive, treatments may already have been
done (Calkin, personal communication 2005; GAO 2005), and in the current
climate of budget rescissions, it seems doubtful that all the acres that need
treatment to remedy 100 years of fuel buildup will receive it. Furthermore,
treatments focus mostly on the 0-to-35 year return interval fire regimes, and
one-time treatments will not resolve the problem of fuel accumulation. These
areas will need maintenance treatments on regular intervals to truly resolve
the forest structure problems resulting from fire exclusion (Black 2004).
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While mechanical treatments and piecemeal prescribed-burns do alter the
forest structure responsible for the higher severity fire events, they do not
remedy the underlying problem of almost systematic fire exclusion. In contrast
to these two treatments, wildland fire use (WFU) provides another option
to the suppression policy.

Wildland fire use is the fire management strategy that allows natural
ignitions to burn in predetermined locations under scripted conditions. This
strategy allows fire to assume its role as a vital ecosystem process, as encour-
aged by changes to national fire policy since 1995. This new direction, in
conjunction with the ability of WFU to restore both structure and process,
suggests that WFU should assume a more prominent role as a fuel manage-
ment tool. However, in 2004 U.S. land management agencies managed a
mere 2.7 percent of all lightning ignitions as WFU (NICC 2005).

Policy Framework

The decision to allow WFU (called ‘go/no go’) can only come after
meeting three planning requirements (NWCG 1995a). The Land /Resource
Management Plan (L/RMP) provides general direction for the wildland
fire management direction. In the USES, the L/RMP corresponds to the
Forest Plans that must go through a public comment period (36 CER 219).
Fire Management Plans (FMP) tier to this document. These plans identify
the fire management strategies available for every burnable acre. For areas
determined as eligible for wildland fire use by the FMP, managers must cre-
ate guidelines that specify the burning conditions acceptable for wildland
fire use (NWCG 2003).

Finally, the Wildland Fire Implementation Plan Stage 1 (WFIP1) must be
done to further scrutinize any ignition that meets the criteria outlined in
the FMP. This time-critical process, with an 8-hour deadlinel, first evaluates
the candidate fire’s physical elements against the prescriptions established
in the FMP and in the WFU guidebook. Criteria considered in this step
include: threat to life, property, or public and firefighter safety that cannot
be mitigated; potential effects on cultural and natural resources outside the
range of desired effects; relative risk indicators and /or risk assessment results
unacceptable to the appropriate agency administrator; other proximate fire ac-
tivity that limits or precludes successful management of the fire; other agency
administrator issues that preclude wildland fire use. Existence of any one
criterion results in the decision to suppress. Foremost, public and firefighter
safety take precedence over any other concern (USDA-ES 2000), and only
trained and qualified personnel may implement a WFU project (USDA-ES
2000). Beyond this stipulation, only natural ignitions may be managed for
resource benefits (NWCG 2005). In addition, each wildland fire may have
only one objective, and suppression overrides resource benefit in case two
fires merge (NWCG 2005).

The decision to authorize WFU ultimately rests with agency administra-
tors (NWCG 2005). The need for managerial accountability has created a
decision process that places all of the authority (and consequent liability) on
these administrators. Specifically in the U.S. Forest Service (USES), District

! Until January of 2005, including the fire season preceding this study, agency administra-
tors operated under a 2-hour time constraint.
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Rangers are the administrators, or line officers, most frequently presented
with the ‘go/no go’ decision on whether to allow WEU.

All federal land management agencies must follow national policy direction
that mandates allowing fire to function in its natural role (NWCG 19954).
Assessing the feasibility of this policy and facilitating WFU implementation
demands understanding the drivers of the so-called ‘go/no go’ decision.

Drivers of the Go/No Go Decision

Several authors have touched on factors potentially affecting the decision
to authorize wildland fire use. The considerations either discourage or bolster
a ‘go’ decision.

The principal factors acting against authorizing WF U include risk, liability,
lack of public support, air quality, and inadequate staffing. Most frequently,
authors cited the risk of a WFU event escaping as a barrier to authorizing
WEFEU (Arno and Brown 1991; Daniels 1991). This risk assumes greater im-
portance when calculated with potential damage to private property, natural
resources, and professional consequences (Czech 1996; Miller and Landres
2004; Arno and Fiedler 2005). Negligence could indicate liability for ensuing
damages (White 1991), further raising the stakes. In the case of employee
injury, decision-makers could be held liable without evidence of negligence
(Stanton 1995).

Lack of public support (Daniels 1991), coupled with the documented need
for public buy-in for successful fire and fuels management (Cortner and others
1990; Shindler and Toman 2003; Weible and others 2005) could also factor
into the agency administrator’s decision. Further, air quality concerns from
both regulatory and public opinion perspectives could also (NWCG 1995b;
Cleaves and others 2000).

Staffing concerns affect the decision to authorize WFU in two ways. The
managerial endurance required to commit to managing a WFU event for
an extended and indeterminate period enters into the go/no go decision
(Bonney 1998; Daniels 1991; Tomascak 1991). Sufficient availability of
highly qualified personnel also weighs heavily in the decision to use WFU
(Cortner and others 1990; Daniels 1991; Cleaves and others 2000; Miller
and Landres 2004).

While these authors predominantly suggest factors that tip the decision
towards “no go,” others indicate influences in favor of authorizing WFU.
Anecdotal evidence of cost savings through wildland fire use suggests this as
a possible motivator (Daniels 1991; Czech 1996; Bonney 1998; Calkin and
others forthcoming). In addition to reducing costs, the desire to minimize
firefighter exposure to the dangers of wildland fires could also influence the
go/no go decision (Bonney 1998). Finally, a dedication to stewardship that
dictates a commitment to restoring fire could inspire a ‘go’ decision (Pyne
1995; Miller and Landres 2004; Arno and Fiedler 2005).

Although the agency administrator ultimately makes the decision to au-
thorize wildland fire use, no study has sought their input as to the relative
importance, if any, of the elements found in the literature. Understanding
the drivers of the ‘go’ decision requires identifying the factors affecting the
people who must assume authority for the consequences.

This study aims to determine the factors influencing the line officers’
go/no go decision.

USDA Forest Service Proceedings RMRS-P-41. 2006.

Williamson

69



Williamson

70

Influences on USFS District Rangers’ Decision to Authorize Wildland Fire Use

Methods

The question addressed in this study narrowed the potential population to
those agency administrators able to authorize wildland fire use in their areas.
As an agency with a mandate to manage for multiple-use, the USES presented
an ideal candidate for examining the complex decision-making behind wild-
land fire use. Meteorological and ethical factors indicated that USES district
rangers with wildland fire use authority on their districts in USES Regions
1, 3, and 4 provided an appropriate population to investigate. These regions
represent a swath through the Intermountain west, and include forests with
WEU authority in Montana, Idaho, Nevada, Wyoming, Utah, Arizona, and
New Mexico. This study did not include district rangers in USES Regions 2
and 6 because too few rangers in these regions have WFU authority on their
districts to guarantee confidentiality in their responses.

The USFES employee directory, available on the internet, provided names,
email addresses, and phone numbers of district rangers. Unpublished data,
provided by the USES Rocky Mountain Research Station Aldo Leopold
Wilderness Research Institute, identified forests with WFU approved in their
forest plans.

This identification process led to a potential population of 81 district
rangers with WFU authority both in and out of designated wilderness across
Regions 1, 3, and 4. Twenty-nine rangers with WFU authority work in
Region 1, 27 in Region 3, and 25 in Region 4. Given the small population
size, this study conducted a census rather than a sample of the identified
district rangers.

This study relied on a telephone questionnaire due to the associated im-
provements in response rate and etficiency over a mailed one (Dillman 1978;
Groves and others 2004). Questionnaire construction followed widely ac-
cepted guidelines (Sudman and Bradburn 1982; Groves and others 2004).

Previously-identified, potential drivers of the go/no go decision provided
guidance in developing appropriate questions to include in the survey instru-
ment. A subset of line officers, not included in the population, verified the
survey instrument’s content, organization, and clarity. Question formula-
tion for followed guidelines outlined by Groves and others (2004). The
questionnaire included 50 multiple-choice questions, and six open-ended
ones. Respondents were invited to expand on their answers, although these
discussions did not contribute to statistical analysis.

The questions included in the final questionnaire covered eight subject
groups: respondent eligibility, external factors (including resource avail-
ability), past experience with fire, concern for public perception, confidence
in staff, perception of internal support, perception of agency protocol, and
demographics. The data reduction conducted to facilitate analysis reflected
these question groups.

I conducted the telephone interviews between February 9, 2005 and
March 21, 2005.

Classification and regression tree analysis (CART) offered the most ap-
propriate analysis tool for this data set. The go/no go decision amounts to a
detailed risk assessment that weighs potential costs against potential resource
benefits. The Decision Criteria Checklist in the WFIP Stage 1, described
previously, specifies five tiers to this process. If, at any of these levels, cost
exceeds benefit then the decision tips to ‘no go’ and the risk assessment
stops. Other factors entering into the go/no go decision that this study ex-
plored could follow a similar tiered pattern. CART provides a ‘road map’ to
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navigate such a hierarchical decision process. The classification marks each
intersection and determines whether a case progresses towards ‘go’ or if the
risk assessment halts.

The model used a binary target variable, WFU. The binary variable re-
sulted from collapsing the number of lightning strikes in the WFU-approved
area managed as WFU in the last three seasons. A score of 0 was attributed
to answers of ‘none’ or ‘few.” ‘About half) ‘most’ or ‘all’ were attributed a
score of 1. Model runs used Salford Systems CART 5.0 software (Steinberg
and Colla 1997) and kept the default settings of the Gini splitting criterion,
10-fold cross-validation, minimum parent node N=10, and minimum child
node N=1. The best tree was selected based on minimum probability of
misclassification estimated through cross-validation. Cross-validation (test)
prediction success provides the most accurate estimate of model performance
(Steinberg and Colla 1997).

The model used a reduced group of factors to classity the district rangers
as having authorized WFU on their unit. These factors reflect the question
groups explored in the questionnaire. These independent variables include
confidence in staff, external factors, experience with fire, agency support,
protocol, perceived program value, staffing level and concern for public per-
ception. For all variables, larger scores indicate higher levels of the variable
in question.

Results

Contact with 22 district rangers revealed that they did not have WFU
authority on their districts and reduced the actual population to 59. The
American Association of Public Opinion Research (AAPOR 2004) defines
six methods of obtaining response rate, ranging from conservative to expan-
sive. Using the most conservative computation yields a response rate of 84.75
percent. Twenty-one (of 25) district rangers from Region 1, 12 (of 16) from
Region 3, and 17 (of 18) from Region 4 participated.

As a census with an 84.75 percent response rate, errors of non-observation
cause minimal concern. Conducting a census eliminates concerns of sampling
errors. Although not eradicated, errors associated with coverage and non-
response were minimized.

Of nine non-respondents, four corresponded to either vacant positions or
positions that had been filled since the 2004 fire season. The remaining five
non-respondents face contexts (terrain, weather, fuel, and political) similar to
their neighbors who participated. This similarity in geographical and political
situations suggests that their responses would resemble their neighbors’ and
would therefore not alter the study’s results.

A combination of residual instrument errors and respondent errors may
have contributed the most significant source of error in the data collected.
Several of the questions either reflected areas of Agency direction or inquired
after professional motivations. Despite confidentiality guarantees, the respon-
dents could have opted to ‘toe the Agency line’ and not provide completely
candid answers.

Analysis

Model 1 from the CART analysis used eight variables to classity the depen-
dent variable. This classification resulted in a tree with five decision nodes and
six terminal nodes (Figure 1). Program value, concern for public perception,
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staff trust, external factors, and agency support successfully identified 63.6%
of respondents who authorized wildland fire use. Table 1, below, summarizes
Model 1 performance.

Figure 1, on the following page, depicts Model 1. Each intersection, or
node, provides a make-or-break rule for whether or not the respondent will
continue down the tree. Respondents whose answers meet the splitting rule
move down the path to the left. The tree shunts respondents who fail the
splitting rule to the right.

The first intersection, at program value (PROGVAL <= 3.8), diverts 11
respondents and classifies them as not authorizing WFU (terminal node 1).
This indicates that program value is the most important factor, and progres-
sion to the next decision rules hinges on the score for this variable.

Respondents who make it through the intersection at program value move
to the next one, at concern for public perception (PUBPERC <=-0.2). Here,
though counter-intuitive, respondents who reported less concern for public
support are classified as not authorizing WFU (terminal node 6). Survey
participants who reported higher concern for public support (lower negative
score) continue to the next intersection, which occurs at staft trust.

This more intuitive split (STFTRST<= 2.4) indicates that staff trust plays
the next most important role in determining whether or not respondents have
authorized WFU. Respondents who reported a level of confidence in their
staff below 2.4 are classified as not authorizing WFU (terminal node 2) and
do not continue down the tree.

The next criterion involves external factors. Respondents who scored at
the upper end of external considerations (EXT>6.5) do not authorize WEU
(terminal node 5). Those who meet the splitting rule of EXT <= 6.5 move
on to the final intersection, at agency support.

This final tier separates those respondents who perceive that the Agency
facilitates the decision to use WFU. Again counter-intuitively, respondents
who scored above the threshold value of 2.5 did not authorize WFU (terminal
node 4). Conversely, respondents who met the decision rule AGSPRT<=2.5
did authorize WFU (terminal node 3).

Ninety-one percent (20 of 22) of respondents who authorized WFU follow
the tree all the way through to the final intersection at agency support.

Table 1—Model 1 test prediction success.

Predicted Class

0 1
Actual Class Total Cases Percent Correct N=19 N=27
Test 0 28 67.9 19 9
data 1 22 63.6 8 14
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Node 1
Class = YES_WFU
PROGVAL <= 3.8
Class Cases %
NO WFU 28 560
YES WFU 22 440
N=50
]
Terminal Node 2
Node 1 Class = YES_WFU
Class = NO_WFU PUBPERC <= 0.2
Class Cases % Class Cases %
NO_WFU 10 909 NO_WFU 18 462
YES WFU 1 91 YES WFU 21 538
N=11 N=233
|
Node 3 Terminal
Class = YES_WFU Node 6
STFTRST <= 24 Class = NO_WFU
Class Cases % Class  Cases %
NO_WFU 14 400 NO_WFU 4 1000
YES WFU 21 600 YES WFU 0 0.0
N=135 N=4
|
Terminal Node 4
Node 2 Class = YES_WFU
Class = NO_WFU EXT<= 85
Class Cases % Class  Cases %
NO WFU 5 833 NO_WFU 2 3.0
YES_WFU 1 167 YES WFU 20 €8.0
N=6 N=29
T——— l = 1
Node 5 Terminal
Class = YES_WFU Node 5
AGSPRT <= 25 Class = NO_WFU
Class Cases % Class Cases %
NO WFU 7 258 NOWFU 2 1000
YES WFU 20 741 YES WFL 0 00
N=27 N=2
|
Terminal Terminal
Node 3 Node 4
Class = YES_WFU Class = NO_WFLU
Class  Cases % Class  Cases %
NO_WFU & 200| | NOWFU 2 1000
YES_WFU 20 B0O| |YESWFU O 00
N=25 N=2

Williamson

Figure 1—CART Model 1.
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Discussion

Interpretation of CART-analysis results indicates that the go/no go decision
rests on personal commitment to returning fire to the landscape. This over-
arching theme helps explain the somewhat counter-intuitive modeling results.
The decision structure presented by Model 1 highlights potential deterrents to
WEU, and responses to individual survey questions expand on them.

“You are acting outside the scope of your employment if
you do not do what is best for the land”

The CART model suggests that the value placed on the WFEU program
provides the most important determinant of whether a respondent authorized
wildland fire use.

From Model 1 emerges a group of decision-makers that stands behind
returning fire to the landscape, and is strongly motivated by ‘doing the right
thing’ for the land. Beyond this belief, these district rangers have confidence
in their staff, but worry about public perception and do not feel supported
by their employer. As one respondent said, “the nexus of temporal, spatial,
and political factors doesn’t always align” and yet individuals driven by their
desire to do right by the land will proceed with WFU.

The results of Model 1 suggest that “the laudable, noble goal of ecosystem
restoration” motivates a cohort of district rangers, convinced that WFU will
accomplish this goal. According to the CART model, this cohort will predict-
ably see potential benefits to the resource outweighing potential risks, and
decide to ‘go.” The model suggests the idealistic nature of those who reliably
authorize WFU, but also highlights the obstacles that prevent district rangers
trom authorizing WFU across the board.

“There is more value to the resources at risk than value to
allowing fire back on the landscape”

Responses to the open-ended questions in this study flesh out the back-
bone suggested by the CART model and draw attention to the risks that
make implementing a stewardship ethic a costly gamble. External factors,
public perception, resource availability, and agency support all surfaced as
top considerations that inhibited the ‘go’ decision.

External Factors: “WFU is Risky Business”

Environmental factors came up as the main consideration influencing the
go/no go decision, and a key to managing non-suppression fires to meet ob-
jectives. Specifically, fire danger indices were mentioned seven times in the
context of managing a non-suppression fire and 21 times as the top consid-
eration in the go/no go decision. Location and time of year surfaced 17 and
16 times, respectively, as the most important factors influencing the go/no
go decision. Beyond these repeated concerns, weather, ignitions, smoke, and
threatened and endangered species habitat all came up as considerations that
weighed in the go/no go decision. These factors reflect concern for “risk of the
unknown” that 8 respondents mentioned as a disincentive to use WFU.

Deciding to authorize a WFU event can engage a district’s management
capacity for an extended period. The time commitment involved depends on
unpredictable events such as weather and lightning ignitions. In the midst of
this uncertainty, air quality and endangered species regulations, in addition to
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private property considerations impose definite restrictions on management
activity. Even for those supportive of fire restoration, the daunting require-
ments to ensure in this uncertain environment often prove prohibitive.

Public Perception: “Dick Cheney is not too hip on smoke”

Public support and public perception surfaced six times as a requirement
for managing non-suppression fires to meet objectives and seven times as a
disincentive to using WFU. Respondents evoked concerns for the political
fallout of the external considerations described previously. Smoke, perceived
or real threats to threatened and endangered species habitat, and resource
damage perceived as unacceptable by the public or by others within the agency,
all came up as specific areas of public concern. These concerns stem to some
extent from a partially misinformed public that still views all wildland fires
as a threat.

Resource Availability: “We need trained people with the
right qualifications”

Resource availability surfaced 20 times as the top factor entering into the
go/no go decision, 14 times as what was needed to manage a non-suppression
fire to meet objectives, and in 18 of 43 unprompted discussions that arose
during the interviews. Respondents mentioned that the level of qualifications
required for fire use managers constrained WFU authorization. In addition,
several respondents indicated that they lacked skilled personnel in sufficient
numbers to manage WFU.

Respondents also indicated that candidate lightning ignitions frequently
occurred when other fire activity was high. In these situations, the line officers
did not have the staft on hand to manage the ignitions as WFU. Potential statf
shortages cause concern given the indeterminate duration of WFU events.

Respondents mentioned the need for aerial resources in addition to
personnel. Two respondents specifically indicated that the availability of he-
licopters had allowed them to manage WFU events to meet their objectives.
In both cases, water-bucket drops by the helicopters cooled down flanks that
would have otherwise hit management action-points and triggered a shift
to suppression.

Agency support: “Signing ‘go’ is a lonely feeling”

The need for agency support surfaced as a requirement for managing non-
suppression fires to meet objectives. Respondents also cited a perceived lack
of agency support as a disincentive to authorizing WFU. This perceived lack
of agency support takes two forms. First, respondents expressed a doubt that
the agency would stand behind their decision if a WFU event went awry.
Second, respondents indicated that the current focus on meeting hazardous
fuel reduction targets impeded their use of WEFU.

Potential career impacts surfaced seven times as a disincentive, and 14
times in unprompted discussions. Three respondents mentioned specific
concerns about the potential for criminal charges as a result of recent after-
action reviews of suppression fires that led to fatalities. Weighing resource
benefits against potential damage to the decision-maker’s family makes ‘no
g0’ more attractive.

Pressure to meet targets and lack of credit for WFU came up as disin-
centives to using WFU and surfaced in 14 unprompted discussions. These
respondents indicated that they could not credit acres restored through WEFU
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towards fuels targets. At the same time, they suggested that prescribed burn
targets conflicted with using WFU. Further, two respondents reported that
they would suppress lightning fires within areas prepared for prescribed burns
because the WFEU fire would not count towards the prescribed fire targets.

Conclusion

The position of line officer in the U.S. Forest Service draws people with a
strong commitment to working for the good of the land. As with many public
sector careers, there are few benefits other than satistying a personal land stew-
ardship ethic—a characteristic that holds true in the context of using lightning
ignitions to restore fire to the landscape. This study suggests that authorization
of WFU by district rangers primarily stems from their personal commitment to
restoring fire for the good of the land, despite multiple disincentives. If national
policy mandates restoring fire as a natural process, then implementation should
not rely uniquely on those willing to take risks for their personal ethic.
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Considerations in the Use of Models Available
for Fuel Treatment Analysis

Charles W. McHugh'

Abstract— Fire managers are required to evaluate and justify the effectiveness of
planned fuel treatments in modifying fire growth, behavior and effects on resources
and assets. With the number of models currently available, today’s fire manager can
become overwhelmed when deciding which model to use. Each model has a required
level of expertise in order to develop the necessary data, run the model(s), and analyze
and interpret their associated outputs. In addition, each model has an appropriate
temporal and spatial scale for its use, e.g., stand level versus landscape level. Traditional
fuel treatment analyses have focused on stand level changes in fire behavior and ef-
fects. This approach does not to account for the topological effects of treatments in
modifying fire growth, fire behavior and fire effects. To fully investigate fuel treatment
effectiveness requires the examination of the spatial interaction of fuel treatments. This
requires the use of spatial models to analyze and display these effects.

Introduction

The fire behavior triangle consists of fuels, weather, and topography. The
only element managers have direct control over is fuels. Management strate-
gies of the 20 century, and the unintended consequences of fire suppression
have contributed to the increase in large fires across the western U.S. (Agee
and Skinner 2005). During the time period 1970-2002, 97-99% of all fires
reported on U.S. Forest Service lands were still less than 121 ha (300 acres)
(Calkin and others 2005) suggesting that suppression is still etfective on
small fires. However, 1.1% of all fires (greater-than 121 ha) during this time
period accounted for 97.5% of the burned area and current data trends sug-
gest that the number of large fires and their average size is increasing (Calkin
and others 2005). It is the 1% of fires that are of greatest concern because
of their effect across large portions of forested landscapes. This is the great
irony of successful fire suppression; past success has contributed to failure
today (Brown and Arno 1991; Agee and Skinner 2005).

The success of fire suppression, especially in dry forest types of the western
United States has lead to drastic changes in the horizontal and vertical conti-
nuity of fuels as well as a buildup of surface fuels (Agee and Skinner 2005).
This success has changed the fire regime from frequent low-intensity surface
fires to more intense fires capable of becoming crown fires in these forest types
(Arno and Brown 1991; Agee and Skinner 2005). The accumulation of fuels
contributing to larger fires in the future has long been identified (Weaver
1943; Dodge 1972 ; Brackebusch 1973). Individual large fires as well as large
scale fire events since 1988 have garnered much political attention and resulted
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in numerous reports by federal land management agencies (for example, 10-
Year Cohesive Strategy; National Fire Plan). The focus of these reports on
fuels treatments and fuels management aimed at reducing “catastrophic” and
large wildfires resulted in increased funding for these activities.

In the last decade the annual area burned by wildfire has continued to rise
despite an increase in funding for fire suppression resources and fuel hazard
reduction projects (Stephens and Ruth 2005). This should not be a surprise
for several reasons. There is an inherent delay from the initial identification
and funding to implementation of projects. It takes time to work through the
NEPA process and then implement the plans. Additional delay or failure to
implement a planned project can occur due to funding availability, person-
nel availability, weather conditions and administrative appeals or litigation
(GAO 2003a). Also, the amount of area treated nationally has been focused
around high-risk high priority areas, primarily Wildland Urban Interface
(WUI) where from 2001-2004 greater than 65% of available fuel treat-
ment monies have been spent and more than 50% of the treated acres have
occurred (USDI-USDA 2006). As such, the opportunity for wildfires to test
fuel reduction treatment areas at a landscape scale and their potential effect
on reducing fire size and changing fire movement has likely been low. Lastly,
most projects fail to adequately analyze treatments from a spatial perspective.
While treatments are often recognized as having a positive localized effect
on fire behavior and fire effects (Graham and others 1999; Graham and oth-
ers 2004) the topological effect of strategically placed treatments designed
to interact with one another at changing fire movement and size across a
landscape are not (Finney 2001, 2003; Agee and Skinner 2005; Finney and
others 2005). Thus, large fires still generally have free reign to move across
the landscape essentially unimpeded.

This has lead to a number of reports and reviews of Federal agencies’ fuels
management practices, primarily by the General Accounting Office (GAO).
Most, if not all are critical of federal agencies in this area. Criticisms include
a need for improved planning to identity and prioritize those areas needing
treatment (GAO 2003b) and that a systematic and defendable approach was not
being used to assess risks and environmental consequences of fuels treatments
as well as taking no-action, e.g., no fuel treatment (GAO 2004). No treatment
is still an action and not always with the desired outcome (Agee 2002).

The General Accounting Office (GAO 2004) identified that neither the
Forest Service nor Bureau of Land Management (BLM) have an institutional-
ized systematic way to analyze fuel treatment effectiveness at the landscape
level. Furthermore, it concludes that fire management planning guidance is
not specifically provided by the National Environmental Policy Act (NEPA)
on how fuel management projects are to be accomplished (GAO 2004).
Franklin and Agee (2003) also identified a need for a comprehensive national
fire policy dealing with all aspects of wildfire management including, fire
suppression, fuels management and issues surrounding when, how, and why
fuels projects are conducted, as well as salvage and restoration treatments
following wildfire events.

However, localized grassroots efforts have been undertaken to look at
fuels treatments at the landscape level and the topological interaction of fuel
treatments. The Fireshed Assessment Process as developed in the Pacific
Southwest Region (R-5) of the USDA, Forest Service is one such program.
Fireshed assessments offer a methodology to assess the strategic placement
of treatments across large landscapes that are meant to interact with each
other in reducing adverse fire behavior and ecological effects (Bahro and
others, in press).
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In the past fire managers were left to their own devices when it came to
analyzing fuel treatments and navigating through the often confusing and
contradictory list of models to choose from. Currently an abundance of tools
exists with a dearth of data, especially for spatial fire models, and the local
manager is often uncertain as to which model to select and how to go about
the process. Recent publications (Graham and others 1999, 2004; Agee
and Skinner 2005; Peterson and others 2005) have provided the principles,
concepts, effects, and scientific basis for changing stand structure through
the use of thinning, prescribed fire or a combination of these on altering fire
behavior and fire effects. However, rarely is there an in-depth discussion of
various fire decision support systems for analyzing pre- and post-treatment
effects. The goals of this paper are to leave the manager with information on
models and modeling concepts, a general discussion of fuel treatment analysis,
and the models currently available for conducting these types of analyses.

Models in General

Models are used for a variety of reasons such as making inferences con-
cerning processes and parameters of interest, determining potential effects of
management actions or changes in environmental conditions on the subject
of interest, evaluation of management alternatives by displaying the modeled
effects, to display or communicate the etfects of changes to concerned parties
or in public meetings, and to test theories and assumptions one may have
about conditions that can not easily be accomplished with formal experiments,
for example, crown fire experiments.

Modeling itselfis both an art and a science (Burnham and Anderson 1998).
Modeling is an art because one must understand the inner workings of the
model and the data and how adjustments must be made to achieve realistic,
defendable, and quantifiable results. It is a science, because the user must have
a fundamental understanding of the biological, mathematical and statistical
relationships contained and used within the model as well as the assumptions
and limitations inherent to the model. The user must be cognizant of the
limitations and assumptions of the respective model, realize that all models
need to be validated and calibrated to some past or current documented and
observed condition, and that all results need to be tempered based on the
user’s experience, knowledge and observations.

It is incumbent on the end user to understand and comprehend these
issues. After all, good models used poorly are no better than guessing. One
must remember that all models are simplifications of reality (Burnham and
Anderson 1998). If the model developer adheres to the concept of parsimony
then the model itself cannot hope to account for all the complexities and
interactions encountered in the modeling of natural or biological phenom-
ena. A statement that rings very true is “All models are wrong but some are
useful” (Box 1976; Burnham and Anderson 1998). Therefore the end user
must accept and realize that some level of error and uncertainty exists, even
if the “best” available model is used.

The advantage of using models is they have often undergone some type
of peer review process, either through academia, evaluation through the
formal publication process or by use and acceptance by experts in the field.
Models generally incorporate previously published relationships, interactions
or equations often bundling them as sub-models into a decision support
system (Finney 1998; Andrews and Queen 2001). By using widely accepted,
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formally published and peer reviewed models one can state they are using the
best available science for the time in their analysis. Models also provide an
instrument to quickly evaluate multiple sets of conditions, alternatives, and
theories or assumptions the end user may have.

However, models have a downside. Models that operate at the landscape
scale are data intensive and require a certain level of expertise by the end
user. Because computers are capable of making very fast and very accurate
mistakes, the modeled solution may become generally accepted as fact. That
is, it does not matter about the quality of the data, the expertise of the user,
the applicability of the model to appropriately assess the situation or the
interactions of all these in contributing to the solution. A common mantra
is “Garbage In Garbage Out (GIGO)” perhaps a more appropriate revision
would be the warning “Garbage In Gospel Out.”

Models do not replace your knowledge and experience; beware of falling
into the “Black Box Syndrome.” The nirvana of modeling expertise and under-
standing tempered with an adequate knowledge and expertise in fire behavior
is difficult to achieve and not often found. Harry T. Gisborne (1948), one
of the founding fathers of fire research coined the term, experienced judg-
ment, and defined it as: Opinion based on knowledge acquired by experience.
However, Harry also points out the following (Gisborne 1948, page 23):

“If you have fought forest fires in every different fuel type, under all pos-
sible different kinds of weather, and if you have remembered exactly what
happened in each of these combinations your experienced judgment is prob-
ably pretty good. But if you have not fought all sizes of fires in all kinds of

fuel types under all kinds of weather then your experience does not include
knowledge of all the conditions.”

Sage advice and something to consider, especially when model outputs
are contrary to your experienced judgment. When this occurs it is easy to
disregard the model output as spurious and thus unworthy of consideration.
However, are the results flawed due to the data, the model or the user, or
are there other plausible explanations? Are the results within your acquired
knowledge base? Are the model parameters outside those you have experienced
first-hand? Perhaps the model has shown you some possible outcome that
you have not considered or previously experienced. While all model output
should be evaluated with an appropriate level of skepticism, do not disregard
it oft-hand without due consideration.

Error Sources

General sources of error in the modeling process can be attributed to the
data, the user, the model or the complex intersection and unions of these
respective areas (Personal Communication, Dave Sapsis) (Figure 1). From
personal experience, data and associated issues can account for up to 75%
of encountered modeling difficulties. For example, Jones and others (2004)
found that errors in the fuels map resulted in greater changes to model outputs
than errors in terrain while erroneous weather information resulted in highly
unstable outputs for a wildfire threat model for Australia. The remaining
general sources of modeling error can be attributed to the user, model and
interactions of error components (data, user, model).

Spatial modeling requires a seamless landscape of data attributes regardless
of ownership or jurisdictional boundaries. Rarely, do the necessary data exist
wall-to-wall thus necessitating some larger modeling exercise be undertaken
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Data + User + Model = DUM

Figure 1T—Components of modeling errors and their respective interactions.

to populate the landscape. This is typically accomplished using biophysical
attributes, remote sensing, and statistical techniques such as Most Similar
Neighbor (MSN; Crookston and others 2002) or Gradient Nearest Neighbor
(GNN; Ohmann and Gregory 2002). Issues related to data such as inap-
propriately collected field data, limitations of the data in modeling natural
or biological phenomena, inappropriate construction of data sets, assignment
of the wrong units associated with the data, extrapolation of existing data to
areas without data based on some other modeling exercise, and inappropriate
rule sets used to develop data sets given the respective ecology and biological
processes for the area. Additionally, data are often developed over large areas
and assumed to represent some homogeneous condition within an artificially
assigned boundary, such as a timber-stand. Because of this assumption critical
data attributes may often represent the “average condition” for data values.
This can have adverse consequences for some fire behaviors such as crown
fire. In these instances the “average” crown base height likely does not re-
flect the minimum values that permit crown fire to initiate. Rarely, does the
average condition account for problem fire behavior (Fulé and others 2001;
Scott and Reinhardt 2001).

The end user can introduce error into the process by using an inappropri-
ate model or user-defined model settings, simulating scenarios outside the
limitations and assumptions of the model, from errors introduced during
input of data, and in output interpretation. All models have assumptions and
limitations associated with them. Error associated with the limitations of
the data used to develop the model, using the model for phenomena outside
that which the model was intended for and the models themselves have an
associated error factor.
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Finally, the area where all three components interact through the process
of compensating errors can introduce uncertainty into the modeling process
as well. Results may be correct or incorrect and the complexity of these in-
teractions can make it difficult to discern which component is contributing
to the modeled outcome.

Modeling Process

Fire modeling should not be thought of as a linear process, but rather as
an open system of feedback loops whereby each idea can interact with the
other causing a completely open system (Figure 2). While the following is
offered in a linear fashion it is only to facilitate discussion and not intended
to imply a linear, step-by-step operation.

* Define the modeling objective or question

® Model selection based on modeling objective or question

e Spatial and temporal data development required by selected model

e Gather supporting spatial and temporal data

e Data critique and analysis of developed data

¢ Calibration of the model to a past event(s)

Simulations, evaluation and critique of results, and documentation

¢ Gaming-out, and what-if scenarios of fuel treatment location and pre-
scription

¢ Evaluation, write-ups, and presentation of results

The framing of any project and defining the question or objective in a very
specific nature is critical to selection of an appropriate model. For example,
fuel treatments should be designed for a specific prescription of wind, weather
and fuel moistures, should identify and target those fuel properties able to
impact the targeted fire behaviors, e.g., surface fire versus crown fire, and take
into account the short lived nature of treatments (Finney 2001; Finney and
Cohen 2003; Agee and Skinner 2005; Finney and others 2005). Objectives
and treatment prescriptions must be specific if the analysis is to adequately
address the identified problem. Finally, after the questions and objectives
have been defined this will assist in guiding one to a likely list of models to
select from.

However, choosing the appropriate model is also data dependent. If a model
relies on spatial data, these data must be available. If not, what data do you
have and how long will it take to collect and develop the missing data sets?
Can you develop the required data and still meet project deadlines? Are the
data you have appropriate for the question you want to answer? For example,
to examine the occurrence of crown fire do you have the additional required
information (crown base height, crown bulk density, and stand height)? Do
monitoring data exist from past fuel treatment or timber sale projects that
could provide information on fuel models, fuel loadings and stand structure
pre- and post-treatment? Additionally, does monitoring data from previous
prescribed burn projects within treated areas exist that could provide insight
into fire behavior and intensity following treatment? Monitoring data from
previous projects, informal feedback, and an adaptive management approach
is useful in developing and refining data and modeling scenarios as well as in
the evaluation and validation of simulation results.

Temporal information on weather, wind, and fuel moisture parameters
for the model will also be needed. This requires the user acquires, critiques,
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Define modeling
Objective or Question

Modeling selection based
on objective or question

Spatial and temporal data
development
required by the model

Gather supporting
spatial & temporal data

Data critique and analysis
of developed data

Calibration of the model
to past event(s)

Gaming-out, what-if scenarios
of fuel treatment location and
prescription

Simulation, evaluation &
critique of results
and documentation

U

Evaluation, write-ups
presentation of results

Figure 2— Conceptual representation of the modeling process.
The process should not be considered linear in nature but rather
as an open series of feedback loops within the circle.

analyzes historical climatological data or base all modeling scenarios on well
known critical fire weather and fuel moistures for the respective area. Other
potential sources of this information include fire behavior summaries from
past fire events or monitoring reports from previous prescribed burn projects.
Either can be very useful in the calibration of simulations and in developing
critical fire weather and fuel moisture information for modeling scenarios.

Critique and analysis of weather data can be performed using FireFamily
Plus (Bradshaw and Brittain 1999; Bradshaw and McCormick 2000). Fire-
Family Plus allows the user to interrogate historical climatological information
for erroneous data as well as summarize fuel moistures and analyze critical
weather and wind variables. Prior to any analysis the user should evaluate the
values recorded for windspeed and direction, temperature, relative humidity,
and precipitation amount and duration for erroneous values.
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The modeler should also be cognizant that windspeed values based on the
reported observation time from the selected Remote Automated Weather
Station (RAWS) will likely be too low for most extreme fire weather model-
ing scenarios. Crosby and Chandler (1966, 2004) provide some guidance on
interpolating average wind speeds to maximum wind speeds and the probable
momentary gust speed. Another option is to access the Western Regional
Climate Center’s RAWS climate archive (http://www.raws.dri.edu/index.
html). From this location one can access the hourly wind information for
10-minute average as well as the peak gust speed and direction, conduct a
wind probability analysis and develop a Wind Rose for an individual RAWS
station.

The gathering of ancillary spatial data can be very useful in providing spatial
context to simulations and greatly assist in the critique and analysis of data
and model outputs. At a minimum the following data should be considered;
fire history (point, polygon, and progression), roads, hydrology, ownership,
and vegetation.

Data critique and review should be considered an ongoing and never
ending practice throughout the modeling exercise. During this process it
is important to document your modeling assumptions, weather/wind and
fuel moisture development used in simulations, limitations in the data, and
data/model interactions. Data critique and review should take place during
the initial spatial and temporal data development, immediately following
the completion of data development, during the calibration of datasets to
past fire events, during actual simulations, and again while analyzing model
outputs. Critique of data during simulations and post-simulation is critical.
Often, erroneous results due to model and data interactions will not manifest
themselves until model simulations are run. Error examples may include but
are not limited to the fire moving in the wrong direction, due to bad wind
direction information, or too little crown fire activity due to the interaction
of crown base height and fire behavior model.

Calibration can be defined as a procedure by which the factors controlling
fire growth are verified and adjusted to make the predicted fire behavior match
the observed or past event as closely as possible (Personal Communication,
Robert C. Seli). Calibration of modeling scenarios to past events is critical.
Calibration provides a mechanism for testing interactions of the data and
model, allows one to evaluate model and data performance in predicting or
matching to past documented fire events, provides insight into the respective
fire models and how the interactions of data and user-defined model settings
can affect modeled outputs. Additionally, and most importantly, it provides a
means to evaluate the relevancy and accuracy of the data and instill confidence
in future modeling projections.

Simulations allow the user to test silvicultural and fuel treatment pre-
scriptions, treatment location and size and their effectiveness in altering
fire behavior and growth under specified wind/weather and fuel moisture
conditions for a specific project. However, simulations can also be used to
game-out different scenarios which is critical in evaluating treatment locations,
treatment prescriptions, and their effectiveness. The modeler can efficiently
evaluate changes in treatment location, prescription intensity, treatment ef-
fectiveness, and treatment longevity based on temporal changes to fuels, stand
structure, and user defined model settings. With the gaming-out of each new
scenario an alternative pattern of treatment locations and prescription can be
evaluated providing insight into fire spread and behavior across a landscape
under various ignition locations, model duration, and wind/weather, and
fuel moisture scenarios (Bahro and others, in press).
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Evaluation and critique of results not only occurs during calibration but
during modeling scenarios. This provides another opportunity to evaluate
predicted fire behavior and fire growth, the review of spatial and temporal
data quality and model-data interactions. It is important the user consider
the predicted fire behavior and growth for the fuels and weather conditions,
the effects of user-defined model settings and whether the selected model is
appropriate for the simulated fire type. At this stage, documentation of results,
user-defined model settings, wind /weather and fuel moisture values and as-
sumptions concerning changes to landscape data pre- and post-treatment, fuel
model assignment logic, treatment time span and time since treatment, and
an organized filing structure is encouraged. Having a succinct and organized
record of what was done can prove to be very beneficial in the future.

Evaluation and presentation of results following fuels treatments is the
last 5% of the process and perhaps the most critical. Analyzing the results
appropriately and presenting them in a concise and meaningful manner can
be difficult. The modeling results should demonstrate reduced fire dam-
age from an ecological standpoint, and show improved controllability, e.g.,
increased line production rates, reduced rates of spread, reduced spotting,
changes in the proportion of crown fire type, thus allowing for flexibility in
employed tactical and strategic options. This section should also address short
and long-term risks, fire effects, fire behavior, and compare and contrast the
consequences of no fuel treatment to conducting fuel treatments.

Fuel Treatment Analysis

In the dry forest types of the western United States the effect of fuel
treatments on fire behavior at the localized or stand level is well documented
(Graham and others 1999, 2004; Graham 2003; Finney and others 2005;
Peterson and others 2005; Raymond and Peterson 2005; Cram and others
2006). Documentation has consisted of anecdotal and observational, literature
reviews, theoretical analyses, and more recently empirical evidence. Published
papers on this topic have done an adequate job of identifying and reviewing
past work in these areas (Graham and others 1999, 2004; Raymond and
Peterson 2005; Stephens and Moghaddas 2005b; Cram and others 2006).
Due to the opportunistic nature of wildfire impact studies, empirical evidence
of fuel treatment efficacy has been severely lacking. However, empirical evi-
dence on the efficacy of fuel treatments is becoming more evident and for a
larger portion of the western United States (Pollet and Omi 2002; Agee and
Skinner 2005; Finney and others 2005; Raymond and Peterson 2005; Cram
and others 2006). In some instances, the effects of fuel treatments have been
captured by Landsat-7 satellite imagery (Figure 3), the most demonstrative
to date has been the Rodeo-Chediski fire in northern Arizona (Finney and
others 2005).

Fuel Treatment Principles

Fuels treatments can be effective when they are targeted at specific compo-
nents of the fuel complex; specifically surface, ladder and canopy fuels (Agee
1996; Scott and Reinhardt 2001; Finney 2004; Graham and others 2004;
Agee and Skinner 2005; Peterson and others 2005). Treatment of these
fuels components should occur in a hierarchal manner from the bottom up
(Figure 4) with the following order of precedence: 1) Surface fuels, 2) ladder
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Figure 3—Landsat-7 ETM Plus satellite image of the Rodeo-Chediski fire on June 21,
2002 (a); Chevron shaped areas within the fire front (a) correspond to recent fuel
treatment activities 1999 and 1993 (b); (c) Natural barriers such as lakes can cause
fires to exhibit the same behaviors as fuel treatments. Note area on the leeside of the
lake in the foreground. Example from the Big Fish Fire 2002, arrows show path of fire
movement.
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fuels, and lastly 3) canopy fuels (Agee 2002 ; Hessburg and Agee 2003; Finney
2004; Graham and others 2004; Agee and Skinner 2005). Fuels treatments
must be of appropriate intensity to significantly change those fuel components
at the stand or local scale critical to identified fire behaviors of concern in the
context of their spatial location and size, anticipated treatment effectiveness,
temporal changes to fuel and stand structure (treatment longevity) under the
targeted wind /weather and fuel moisture conditions.

Surface fuel treatments consist mainly of broadcast prescribed burning
which has proven effective at changing fire behavior, fire severity, and even
in limiting the extent of future fires (Weaver 1943, 1957; Wagle and Eakle
1979; van Wagtendonk 1996; Pollet and Omi 2002 ; Fernandes and Bothello
2003). Removal of surface fuels limits the spread rate and intensity of surface
wildfire, which reduces the ability for fire to heat and ignite tree canopies
(Van Wagner 1973, 1977).

Ladder fuels consist of small trees and limbs that facilitate the vertical
movement of a surface fire into the tree canopy (Van Wagner 1973; Scott and
Reinhardt 2001). Mechanical methods can be used to remove small trees or
even prune lower limbs, which increases the vertical gap between the surface
and canopy fuel stratum (Graham and others 1999, 2004; Scott and Reinhardt
2001). When followed by prescribed burning, such low thinning hinders the
initiation of crown fire (Graham and others 2004). Cram and others (2006)
and Raymond and Peterson (2005) reported that a combination of mechanical
treatments followed by prescribed burning had the greatest effect on reducing
fire severity in the Rodeo-Chedeski and Biscuit fires respectively.

Fuels Treatment Triangle
Hierarchal Process

Canopy Ladder

Ladder

/ Surface \

Surface

Figure 4 —Fuel treatmenttriangle. Treatment of fuel components
should be considered a hierarchal process starting with the
surface fuels moving upward into the canopy fuels.
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Finally, canopy fuels might be thinned to limit the potential for active
crown fire spread presuming fire has been initiated into the crowns (Finney
2004; Graham and others 2004; Agee and Skinner 2005). Large trees with
foliage held high above the ground surface and their thicker bark are more
resistant to fire damage (Peterson and Ryan 1986). Dominant canopy trees
offer the least available fuel source and are generally more fire resistant
and thus should be the last stratum considered purely for fuel treatment
prescriptions. However, balancing the financial feasibility of fuel treatment
prescriptions may require removal of some large trees to offset costs of the
treatments themselves (Larson and Mirth 2001; Lynch 2001; Franklin and
Agee 2003). Over time, the costs of treatments will be much less-than the
costs associated with fire suppression, post-fire rehabilitation, and long-term
ecological damage to watersheds (Lynch 2004).

Fuel Management Scale

Fuel treatments affect fire behavior at two spatial scales: the stand or local
scale, and at the landscape scale (Finney 2001, 2003). A stand is considered
a reasonably homogeneous unit that can be clearly differentiated from sur-
rounding stands by its age, composition, structure, site quality, or geography
(Daniel and others 1979). While there is no precise size attached to a stand,
their smallest unit of size is defined by the land management agency based on
a minimum mapping unit, typically around 2-4 ha (5-10 acres). Landscapes
represent larger areas and typically are aggregations of individual stands
that can be burned by a wildland fire. This is a functional definition related
specifically to fire and fuel treatment analysis. While there is no set number
of stands or area limitation to define a landscape it should be large enough
to allow treatments the ability to disrupt large fire growth that has occurred
in the past. While watershed boundaries are the most common, ecological
management units, range allotments, fireshed assessment area or some other
arbitrarily defined extent may be used to define an individual landscape.

McKenzie and others (1996) found in previous fire ecology studies, gen-
erally the area represented by a stand to vary from 10 to 1,000 ha (24.7 to
2,417 acres) while landscapes ranged from 1,000 to 1,000,000 ha (2,471
to 2,471,044 acres). Recently, Finney and others (In Review (a)) analyzed
landscapes ranging in size 40,500 to 54,600 ha (100,077 to 134,919 acres)
with stand sizes ranging from 4 to 515 ha (10 to 1,273 acres) to simulate the
spatial-temporal effects of landscape level fuel treatments and their affect on
large wildfires. Both studies report sizes similar to those proposed by Simard
(1991) for analogous classifications.

Fuel Treatments and Topology

Fire whether at the stand or landscape scale is a contagion process, mean-
ing the fire behavior at one site or point in space is directly influenced by the
characteristics of the adjacent site or point in space (McKenzie 1991). Topology
is the spatial relationship of one feature to another (ESRI 2004 ). Because of
fire’s contagion process the topological relationship of treatments and their
interaction become important when locating fuel treatments at the landscape
scale (Finney 2001). However, rarely is placement of treatment units based on
topological considerations and this effect on altering fire growth and behavior
across a landscape (Finney 2001, 2003). Treatment placement is typically
based on other management considerations and thus unlikely to have little
impact on changing the overall growth and size of fires until significant por-
tions of any one landscape are treated (Finney 2001). Topologically placed
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treatments collectively interact at changing fire growth and fire behavior across
the landscape and can require fewer acres treated than when treatments are
located without this consideration (Finney 2001, 2003; Finney and others,
in review (a)). It is important to remember the importance of treatment
topology, treatment intensity, and the proportion of the landscape treated
when designing landscape level fuel treatments (Figure 5). Based on these
findings and the impracticality of treating every acre, the strategic placement
of treatments, treatment intensity, and the proportion of treated landscape
and their resultant effect in changing fire behavior and growth should be
considered when designing and implementing fuel treatments (Finney 2001,
Finney and others, in review (a)).

Analyses of fuel treatment effectiveness typically display, describe and
summarize fire behavior at the stand or local level. While this is important
in displaying stand level treatment effects in changing fire behavior, it does
not model the topological effects of treated stands in altering fire movement
between treated stands at the landscape scale. This is the problem of stand
or local-scale fire behavior analyses. This methodology can indicate a change
in fire behavior at the stand scale as well as an overall change in fire behavior
and fire effects summarized across the defined landscape. However, stand-
level analyses offer no means to analyze, display, or show the topological
effect of these treatments in changing fire growth and movement nor the
off-site leeward protection (leverage) atforded by fuel treatments (Finney
2001; Loehle 2004; Agee and Skinner 2005; Finney and others 2005). Thus,
aggregation of localized effects is not an appropriate method to analyze at
the landscape scale, the effects of treatments in changing fire behavior, fire
growth and movement.

Treatment Considerations Triangle

Hierarchal Process

(/)

%
Treatment /Treated\ Yo Landscape
Intensity / Treated

Treatment
Intensity

/ Location/Topalogv\

Location/Topology

Figure 5—Theoretical illustration of the relative importance (starting
from the base up) of treatment topology, fuel treatment prescription
intensity, and proportion of landscape treated.
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Fire Modeling Tools

With increased emphasis on fuel management, fire managers are continu-
ally asked to offer analytical support related to fuel management decisions.
There are numerous tools available to the fire manager to model fire behavior
which can provide critical insight in assessing current situations, forecasting
future fire scenarios, and evaluating fuel treatment alternatives (Andrews and
Queen 2001). However, the availability of these tools and supporting data
(or lack of data) from the internet can often lead to confusion on which tool
is appropriate and at what spatial scale (stand or landscape). Additionally,
users are commonly guilty of the misapplication of the respective model, the
data and interpretation of outputs (Andrews and Queen 2001).

Terminology

The terminology proposed by Andrews and Queen (2001) is used when
referring to the tools discussed here. They define a fire model as a mathemati-
cal relationship that describes an aspect of fire while a decision support system
incorporates multiple individual fire models under a unifying architecture
to provide various outputs related to fire behavior and fire growth (Andrews
and Queen 2001). Fuel models are lists of numbers that describe the fuels
as required by the respective fire model (Andrews and Queen 2001). All of
the decision support systems here use fuel models as described by Anderson
(1982) and initially formulated by Rothermel (1972) and Albini (1976) and
those recently developed by Scott and Burgan (2005). For the purposes of
this discussion I presume all the tools discussed here are decision support
systems (DSS) (table 1).

Table 1 outlines each of the individual DSS applicable scale (stand, point
or landscape), their required inputs and associated outputs. Tools designated
as a point or stand can only be used to analyze or display fire behavior for an
individual stand or location. Decision support systems with a landscape des-
ignation are also capable of analyzing the topological effects of treatments as

Table 1—Decision support systems available for fuel treatment analysis.

Applicable Inputs Outputs
Model Scale Spatial Temporal Spatial Tabular Graphical
Behave/BehavePlus
Andrews (1986) Andrews
and others (2005) Point/Stand NO NO NO YES YES
FARSITE Vector &
Finney (1998) Stand/Landscape YES YES Raster YES YES
FlamMap Vector &
Finney (this proceedings) Stand/Landscape YES NO Raster NO NO
FMA Plus
Carlton (2005) Point/Stand NO NO NO YES YES
Fire Fuels Extension (FFE)
Reinhardt and Crookston (2003)  Point/Stand NO YES NO YES NO
NEXUS Scott (1999) Point/Stand NO NO NO YES YES
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fire moves across a landscape. Those DSS with Spatial inputs require data for
fuel model, topography, stand structure and canopy fuels generated within a
GIS and provided to the model in the form of Grid-ASCII raster data. Deci-
sion support systems with temporal inputs allow for modeling fire behavior
and growth over time thus requiring information on duration and intervals of
the modeling scenario as well as time dependant wind and weather streams.
Spatial outputs indicate the DSS is capable of generating simulation results
as shapefiles or GRID-ASCII raster data that can be directly ingested into a
GIS system for display and further analysis.

Decision Support Systems

The DSS listed in table 1 comprise the more common tools used to analyze
fuel treatments from either a stand or landscape level. While some are more
appropriate for certain scales of analysis than others, all essentially incorporate
the same mathematical fire models for surface fire spread rate, crown fire ini-
tiation and crown fire spread rate models (Scott 2006). Furthermore, all the
DSS discussed here use the previously discussed fire behavior fuel models.

The most common approach to analyzing fuel treatment effects have been
on a stand or point basis. BEHAVE (Andrews 1986), BehavePlus (Andrews
and others 2005), Fuels Management Analyst Plus (FMAPlus; Carlton 2005),
Fire Fuels Extension (FFE; Reinhardt and Crookston 2003), and NEXUS
(Scott 1991; Scott and Reinhardt 2001) have all been used to conduct these
types of analysis (table 2). All these systems can generate information on fire
behavior, crown fire, and fire type. However, they are only valid for the point
or stand information provided. None of the DSS are capable of simulating

Table 2—Publications using fire decision support systems in fuel treatment analysis. NO:
Study tested treatments based on Non-site specific locations.

Author Modeling System(s) Location
Kalabokidas and Omi (1998) BEHAVE Colorado
Brose and Wade (2002) BEHAVE Florida
Keyes and O’Hara (2002) BEHAVE NO
Hummel and Agee (2003) BEHAVE Washington
Van Wagtendonk (1996) FARSITE NO

Rice and Miller (1998) FARSITE California
Stephens (1998) FARSITE California
Finney and others (2002) FARSITE California
Stratton (2004) FARSITE/FlamMap Utah
Stephens and Moghaddas (2005a,b) FMAPIus California
Scott (1998a) NEXUS Montana
Fulé and others (2001a) NEXUS Arizona
Fulé and others (2001b) NEXUS Arizona
Fulé and others (2002) NEXUS Arizona
Scott (2003) NEXUS NO

Fulé and others (2004) FVS-NEXUS Arizona
Raymond and Peterson (2005) NEXUS Oregon
Scott (1998b) FFE-FVS Montana
Fiedler and Keegan (2003) FFE-FVS New Mexico
Fiedler and others (2004) FFE-FVS Montana
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fire spread between points or stands. However, using GIS, simulation outputs
from these models such as, flame length or crown fire can be linked back to a
stand boundary data layer and displayed spatially across a landscape. However,
this still provides no information on the topological effects of the treatments
in altering fire behavior and growth at the landscape scale.

Analyzing topological effects of fuels treatment must also be done to exam-
ine their effectiveness in altering fire movement and behavior at the landscape
scale (Finney 2001, 2003). To accomplish this a DSS capable of modeling
fire behavior at the stand level and incorporating the topological effect of
treatments in altering fire movement across the landscape is needed. Only
FARSITE (Finney 1998) and the Minimum Travel Time (MTT; Finney 2002)
or Treatment Optimization Model (TOM) component within FlamMap
(Finney, this proceedings) are widely available for this analysis. Simulation
outputs of fire growth and behavior from these models are spatial and easily
brought into a GIS for display and further analysis.

Available Tools

BEHAVE/BehavePlus—BEHAVE (Andrews 1986) and BehavePlus
(Andrews and others 2005) are decision support systems that are only capable
of determining fire behavior at the point or stand level, do not require spatial
information or model fire behavior temporally and can only provide limited
outputs in the form of tables, graphs or diagrams (table 1). Previous efforts
using this system were completed using BEHAVE (Andrews 1986) and exam-
ined the effectiveness of fuel treatments in changing fire behavior as well as
changes in fire behavior associated with changes in stand structure following
a spruce budworm outbreak (table 2). While BEHAVE and BehavePlus can
be used for evaluating fuel treatment effectiveness, its primary uses have been
in projecting the behavior of ongoing fires and in planning prescribed fires.
BehavePlus (Andrews and others 2005) is the successor to BEHAVE and
should be used for future modeling exercises. BehavePlus can model surface
fire spread and intensity, crown fire spread and intensity, safety zone size,
size of point source fire, fire containment, spotting distance, crown scorch

height, tree mortality, wind adjustment factors, and probability of ignition
(Andrews and others 2005).

NEXUS—NEXUS links existing models of surface and crown fire behav-
ior that can be used to assess crown fire potential at the point or plot scale
(Scott and Reinhardt 2001). NEXUS does not require spatial or temporal
data inputs and the outputs from NEXUS include tables, graphs, and text
files (table 1). While NEXUS can provide an index of crown fire hazard, fire
type, and potential fire behavior it cannot determine or simulate fire spread or
the spread of fire between stands or points. NEXUS has been used to analyze
changes in crown fire hazard following fuel treatments with crowning index
and torching index used to reflect these changes (table 2). NEXUS version
2.0 has the ability to run in batch mode, which can process up to 32,000
records at one time.

FVS-FFE—The Fire and Fuels Extension (FFE; Reinhardt and Crookston
2003) contained within the Forest Vegetation Simulator (FVS; Wykoft and
others 1982) allows one to model stand dynamics and changes to fuels over
successional time and the associated behavior and impacts of fire as stands
grown and change (Reinhardt and Crookston 2003) or associated with specific
treatments (table 2). Because of this ability FFE can add a temporal effect to
the analysis and display the changes in stand structure and potential fire hazard
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as a time-series over periods of a year to decades. While FFE can determine
potential fire behavior it cannot determine fire probability or simulate fire
spread or the spread of fire between stands (Reinhardt and Crookston 2003).
The data used to determine potential fire behavior and effects is based on
the stand averages which leads to some homogenization of the data and can
influence the simulated outputs. Results can be displayed visually using the
Stand Visualization System (SVS) (McGaughey 1997) or in tabular format.
Exporting the data out in a spreadsheet format allows the user to construct
graphs of the simulation. Since data sets used in the modeling are typically
tied to a spatial representation of stand boundaries, simulation results can be
displayed spatially in GIS. With the spatial relationship of the stand data, and
the ability of FVS-FFE to model stand dynamics and fuel accumulations over
time one could use the model to develop spatial-temporal data (fuel models,
stand structure, canopy fuels) that can be imported into spatial models such
as FARSITE or FlamMap. A recent study used FVS-FFE in just this way
(Finney and others, In Review (a)).

FMAPIlus—FMAPlus incorporates previously established methodologies
and fire models to produce fuel inputs, outputs of fire behavior, crown fire
potential, crown scorch and mortality based on field collected data (Carlton
2005). It is appropriate for point or stand level analyses. FMAPlus requires
no temporal or spatial inputs, and only produces tabular or graphical outputs
(table 1). Because it can incorporate field-collected data and import tree list
data from FVS (Wykoft and others 1982), temporal analysis over time (year
or decades) could be accomplished. Within FM APlus fuel treatment analysis
is accomplished by altering the tree list data to reflect post-treatment stand
conditions. Only recently has the use of this model to display fuel treatment

etfects been published (table 2).

FARSITE—With the development of the Fire Area Simulator FARSITE
(Finney 1998) the ability to analyze fire growth at the landscape scale in a
spatially dependent environment became available. FARSITE uses spatial in-
formation on elevation, slope, aspect, canopy cover, fire behavior fuel model,
stand height, crown base height, and crown bulk density as well as temporal
information concerning weather, wind, and fuel moisture to run fire growth
simulations and generate fire behavior outputs (table 1). Outputs consist of
spatial (shapefiles and GRID ASCII) for fire growth and behavior as well as
tabular and graphical information on area burned, fire perimeters, and fire
numbers. Examples of the use of FARSITE in evaluating the efficacy of fuel
treatments in changing fire behavior and the effectiveness of fire suppression
following fuel treatments in changing fire size and economic damage have
been published (table 2). Its reliance on spatial data and the common lack of
availability of these data have been a major impediment to its use. However,
the LANDFIRE (http://landfire.gov/) project is tasked with the develop-
ment of spatial data for use in FARSITE for the lower 48 States, which should
alleviate this data barrier over time.

FlamMap—FlamMap (Finney, this proceedings) is a simplified version
of FARSITE requiring the same data inputs while generating similar fire
behavior outputs. One of the benefits of FlamMap over FARSITE is many
scenarios can be run very quickly and many of the assumptions required by
FARSITE are simplified or eliminated. However, there is no temporal com-
ponent in FlamMap, as such it uses spatial information on topography and
fuels to calculate potential fire behavior characteristics at a specific instant
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for the landscape under a specified set of conditions for every raster cell on
the landscape with without contagion between data cells. FlamMap does not
simulate temporal variations in fire behavior caused by weather and diurnal
fluctuations, nor will it display spatial variations caused by backing or flanking
fire behavior. Because of this, FlamMap is an ideal tool to compare relative fire
behavior changes resulting from fuel modifications. Using just the fire behavior
option, FlamMap is much like a point/stand fire model, however, the ability to
analyze many stands in their georeferenced position does offer some degree of
landscape perspective, albeit without topological influences. To get around this
issue Stratton (2004 ) incorporated both FlamMap and FARSITE to analyze tuel
treatment effectiveness in southern Utah. However, Version 3 of FlamMap can
also evaluate the topological effects of fuel treatments by using the Treatment
Optimization Model (TOM; Finney, In Review (b)) and evaluate the spatial
movement of fire across a landscape based on Minimum Travel Time (MTT;
Finney 2002; Finney, this proceedings; Finny In Review (b)).

Model Selection

Given this list of potential models, which model is the best or appropriate
model? As mentioned previously the objective and questions that need to be
answered are of paramount importance, however, one should select the model
based on the intricacy of the question(s) or objectives. Associated with this
decision process one should also consider the following.

First, what are the intended uses of the model? Is the objective to as-
sess changes to crown fire hazard following fuel treatments? Then perhaps
NEXUS is the appropriate model. If one wishes to examine the effects of
fuel treatments on changes to fire behavior then, BehavePlus or FlamMap
may be more appropriate.

Secondly, what are the required inputs of the model? If one decides to
use a spatial model such as FARSITE or FlamMap do you have the required
spatial data? If not, do you have the time to acquire any needed ancillary
data, develop the data, critically analyze and assess the accuracy of the data,
and develop the required data layers needed for the questions of interest?

Thirdly, what are the outputs generated by the model and will they allow
the user to fully answer and analyze the questions or objectives of the model-
ing exercise? Do you need only tabular or graphical outputs of fire behavior
characteristics or do you need these outputs to be spatially represented across
the landscape. All of the previously mentioned fire behavior tools generate
tabular and graphical outputs of data, but only FARSITE, FlamMap, FVS-
FFE generates outputs that can easily be applied spatially within GIS.

Lastly, what is the complexity and time frames associated with the current
project? Complexity is directly related to the type of analysis being performed,
e.g., Categorical Exclusion (CATEX), Environmental Analysis (EA), or En-
vironmental Impact Statement (EIS). All of these processes require a certain
level of analysis and time commitments to meet their respective legislative
intents. As such, it can have a direct impact on the required decision sup-
port system. For a CATEX the use of BehavePlus may be the appropriate
tool to use to assess changes in fire behavior associated with fuel treatments,
especially if one needs to develop many of the required spatial layers to use
FARSITE or FlamMap. The project timelines associated with each of these
also controls whether the fire manager has the time to develop the required
data layers taking into account those items mentioned in previously.
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Summary

Large wildfires have impacts well outside the localized effect of individu-
ally treated stands. Treatment placement that does not consider treatment
topology is unlikely to have any impact on changing the overall growth and
size of fires until significant portions of any one landscape is treated (Finney
2001, 2003). Based on this and the fact it is impractical to treat every acre
the strategic placement of treatments and their collective effect in changing
fire behavior and growth needs to be considered (Finney 2003). An effective
landscape fuel management scheme should do the following:

e Treatments burn at a reduced severity

e Treatments are located to collectively reduce fire sizes and severity
Change probability of fire movement

Facilitate a change in suppression tactics and strategy

Reduced fire sizes and fire severity under target environmental conditions
Reduced large-fire suppression costs

When using any decision support system to analyze fuel treatment effective-
ness or ongoing fire events, there are three potential sources of error: data,
user, and model (DUM). The end user needs to be cognizant of these errors
at all times during data development and the modeling process.

Fuel treatment prescriptions should focus on defined elements of wildland
fuel structure following a hierarchal order of treatment (surface, ladder and
canopy fuels). Treatment design should also consider treatment topology,
treatment prescription intensity, treatment size and planned longevity, and
the amount of landscape treated.

While treatments are focused on altering fire behavior at the stand level,
it is the topological placement of treatments that is important in changing
fire growth and behavior at a larger landscape scale. Treatment locations that
are strategically placed and based topologically may actually require fewer
acres be treated to achieve an equivalent reduction in affected acres when
this is not considered (Finney 2001, 2003; Finney, in review (a)). Because
topology of treatments is important we can no longer rely on the number of
acres treated as a metric for treatment success. Developing a more appropriate
metric to measure fuel treatment effectiveness and success is an area requir-
ing further investigation and should be included in any future national fire
policy (Franklin and Agee 2003; Stephens and Ruth 2005).

Modeling fuel treatment effectiveness is one of the more difficult ap-
plications of fire decision support systems. It requires the modeler to make
assumptions about the future conditions of fuels and vegetation structure,
which is difficult at best. This analysis however is critical to assist in man-
agement decisions. When modeling fuel treatment effectiveness, it is best to
remember the advice of Yogi Berra: “Prediction is very hard, especially when
it’s about the future.”
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A Computational Method for Optimizing Fuel
Treatment Locations

Mark A. Finney'!

Abstract— Modeling and experiments have suggested that spatial fuel treatment patterns
can influence the movement of large fires. On simple theoretical landscapes consisting
of two fuel types (treated and untreated) optimal patterns can be analytically derived
that disrupt fire growth efficiently (i.e. with less area treated than random patterns).
Although conceptually simple, the application of these theories to actual landscapes
is made difficult by heterogeneity (fuels, weather, and topography) compared to the
assumptions required for analytical solutions. Here | describe a computational method
for heterogeneous landscapes that identifies efficient fuel treatment units and patterns
for a selected fire weather scenario. The method requires input of two sets of spatial
input data: 1) the current fuel conditions and 2) the potential fuel conditions after a
treatment (if it were possible). The contrast in fire spread rate between the two land-
scapes under the weather scenario conditions indicates where treatments are effective
at delaying the growth of fires. Fire growth from the upwind edge of the landscape
is then computed using a minimum travel time algorithm. This identifies major fire
travel routes (areas needing treatment) and their intersections with the areas where
treatments occurred and reduced the spread rate (opportunity for treatment). These
zones of treatment “need and opportunity” are iteratively delineated by contiguous
patches of raster cells up to a user-supplied constraint on percentage of land area to
be treated. This algorithm is demonstrated for simple and for complex landscapes.

Introduction

Fuel treatment effects on wildland fire behavior have long been docu-
mented at the stand level (Biswell et al. 1973, Wagle and Eakle 1979, Helms
1979, Pollet and Omi 2002, Fernandes and Botelho 2003, Graham 2003).
Prescribed burns and thinning operations change fuel structure and have
together been successful in moditying fire behavior and consequent effects in
the areas treated (Weaver 1943, Kallender et al. 1955, Cooper 1961, Martin
etal. 1989, Graham et al. 1999, Schoennagle et al. 2004, Graham et al. 2004,
Agee and Skinner 2005, Cram et al. 2006). The landscape level, however,
is composed of many stands and mixtures of fuel conditions through which
large fires burn, and there has been little work on strategies for treatment at
this broad scale. Prescribed burning and general fuel management will be
a necessary part of mitigating and even reversing effects of fire suppression
(Arno et al. 1991). Evidence shows that even widespread treatments that
change fire behavior at the stand-level can be circumvented by larger fires
(Salazar et al. 1987, Dunn 1989, Finney et al. 2005). This paper reports on
an algorithm that optimizes the placement of treatment units to limit this
circumvention and thereby interrupt the movement of large fires.
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Precedence for landscape-level fuel modifications is found in the patch-
work or mosaic formed by free burning fires in large wilderness areas in the
western United States. Here, patterns of old burns delay and detour later fires
(van Wagtendonk 1995, Parsons and van Wagtendonk, Rollins et al. 2001).
These interactive effects are possible when fire frequency is high enough to
maintain some unknown fraction of the landscape in a modified condition.
By comparison, intensive fuel treatment methods are expensive and wholesale
treatment of large landscapes is impossible for practical reasons including
land ownership, conflicting management objectives, and funding. Typically,
the amount of land area and the locations of treatments are constraining,
thus, the question of where to place treatments becomes a problem suitable
for optimization.

Theoretical work for artificial landscapes has shown optimum efficiency
from a pattern of rectangular treatment units that reduces fire growth rates
with a minimum of area treated (Finney 200la). Rectangular units that
partially overlap in the predominant fire spread direction (determined from
historic climatology) allow the fire to move through and around them at
the same rate. Fire growth is slowed by the pattern because fire progress is
dominated by lateral movement. When small fractions of land are treated,
these patterns are efficient compared to random arrangements (Finney 2003,
Loehle 2005). Random patterns may require several times as much treatment
to reduce fire growth rates to comparable levels (Gill and Bradstock 1998,
Bevers et al. 2004). Although conceptually simple, the application of these
theories to actual landscapes is only just beginning (Hirsch et al. 2001) and
is made difficult by the heterogeneity of real landscapes (fuels, weather, and
topography) compared to the assumptions required for analytical solutions
(Finney 2001Db).

The computational method reported here uses spatial GIS data to repre-
sent the heterogeneity of actual landscapes and produces a map of treatment
areas that collectively disrupt fire growth at scales coarser than the individual
treatment units. The algorithm is applied to simple and complex landscape
conditions showing that the treatment pattern is one of many that achieve
etfective results comparable to those suggested by the analytical theory.

Assumptions And Methods

Fire Sizes and Severity

The objective explicitly assumed by this analysis for landscape fuel manage-
ment is to delay the growth of large or “problem” fires. Information on such
fires is readily obtained for most wildland areas from local or regional fire
history or fire atlases (Figure 1). The reasoning for this assumption follows
from the conditions that foster the growth of such fires in areas dominated
by suppression-oriented management in western North America. Here, fires
become large by escaping initial attack and then spreading far from where
they start. Large fires are resistant to suppression efforts because of the dry
and windy weather that contributes to their rapid growth, the sheer size and
length of perimeter they present to control, and the fire behaviors produced
under the extreme weather conditions originating their escape (crown fire,
spotting). Suppression success typically occurs only when durable changes
in the weather abate rapid fire growth. During periods of active spread, such
fires are responsible for the greatest damages to watersheds, ecosystems, and
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Figure 1—Fire history atlas around Flagstaff, Arizona shows large fires are mostly
oriented along a southwest-northeast axis. Wind conditions associated with these
fires are about 35 mph (56 kph) with fuel moistures from 3 to 5 percent.

present the greatest threats to human developments beyond the borders of
the wildlands per se. Managing the condition of the landscape and the spatial
fuel structure, therefore, offers the only possible means to resist the growth
of fires under such conditions, reducing the spread rate and ultimate size of
the fires (Gill and Bradstock 1998, Brackebusch 1973 ). This contrasts with
the use of fuel breaks (Green 1977, Weatherspoon and Skinner 1995, Agee
et al. 2000) which require active fire suppression for benefits to be realized.
Fuel is the only element of fire behavior that is manageable, since weather
and topography are beyond human control.

Weather Conditions

By targeting large fires for treatment efforts, the analysis of fire behavior
can be restricted to a small subset of weather conditions contributing to the
growth of those kinds of fires. Large fires typically occur under the most
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extreme weather conditions that originate their escape from initial attack.
The weather during historic large fires is well known to local fire management
officials and can be synthesized from climatological records (Rothermel 1998,
Mutch 1998). These weather conditions provide critical data on general fire
spread directions and spread rates for all fuel types on the landscape and nar-
rows the focus of fuel management efforts to specific ranges of humidity, fuel
moisture, and winds (Figure 1). By assuming a single set of specific weather
conditions for large fires (fuel moistures across a landscape, wind speed and
direction) fire behavior can be calculated for all areas of each landscape.

Sizes of Fires Greater than Fuel Treatment Units

The large size of these fires relative to the size of treatment units also
suggests that the starting locations of fires can be ignored. This assumption
allows the analysis to focus on the directions of fire movement. Large fires
moving across landscapes encounter smaller treatment units with relatively
wide fronts that have become largely independent of the exact ignition loca-
tion. The major direction of fire movement is, however, critical because the
rapid spread rates of the heading fire (moving with wind and slope) burn the
most acreage with the highest intensities (Catchpole et al. 1982). Heading
fire is more important to modify than flanking and backing portions of the
fire which have lower intensities and cause less severe fire impacts.

Fuel Treatments

The fuel treatment optimization procedure described below depends on
fire behavior contrasts between the two fuel profiles burning under the target
weather conditions: one represents the starting conditions or current state
of fuels and forest structure, and the second represents the fuel conditions
following treatment (Figure 2). The assumption here is that desired fuel
conditions can be identified on a stand-by-stand basis across the landscape for
all stands where treatment is possible. These fuel conditions are represented
across a large landscape as a rectangular grid at a fixed resolution. The cells
of the grid are assumed uniform at scales finer than the resolution in terms
of fuels, topography, and weather. The treated landscape describes the po-
tential areas for treatment that must total more than the constraint imposed
on total area treatable within the planning horizon. Treatment prescriptions
within each stand or cell on a landscape, such as prescribed burning or various
stand-level thinning guidelines can vary to reflect local objectives or restric-
tions on activities. Although any prescription can be applied, field evidence
consistently suggests that fuel treatment prescriptions achieve reductions in
wildfire spread rate and intensity by removing surface fuels through prescribed
burning and decreasing the continuity between surface and canopy fuel strata
through “low-thinning” (van Wagtendonk 1996, Pollet and Omi 2002, Agee
and Skinner 2005). Mechanical treatments that leave slash or don’t remove
pre-existing surface fuels may not change fire behavior sufficiently (Graham
2003, Raymond and Peterson 2005, Cram et al. 2006) or even exacerbate
fuel hazards (Alexander and Yancik 1977). Lands excluded from treatment
consideration retain the identical fuel descriptions in both landscapes or in-
volve prescriptions that increase the fire spread rate. Thus, the optimization
will choose from the lands where treatments change fire behavior to achieve
the greatest collective reduction in landscape fire spread rate.
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Figure 2—Two landscape fuel conditions area required for the optimization algorithm.
The first landscape represents the pre-treatment or current fuel conditions whereas the
second landscape represents the potential treatment conditions (i.e. modifications of fuel
strata) everywhere treatments can potentially be located. Both landscapes are processed
for fire behavior under the “target” weather conditions (i.e. those weather conditions
that the treatments are designed for).

Algorithm

The objective of the fuel treatment optimization is to find the specific
treatment areas that reduce fire growth for the target weather conditions
by the greatest amount. In other words, it is attempting to maximize the
minimum travel time for fire moving across the landscape. With the empha-
sis on fire travel time, a critical component of this optimization is a method
for calculating fire growth under the target weather conditions. Fire growth
simulation using a minimum-travel-time algorithm (Finney 2002b) is well
suited to this task because it rapidly produces a fire arrival time field for a
given ignition (which can be contoured to visualize fire growth at constant
time intervals) and records the travel routes of fire movement from one node
to the next (Figure 3). Both fire growth contours and travel routes are used
by the fuel treatment optimization.

The optimization algorithm begins by dividing the landscape into a
series of parallel strips oriented perpendicular to the main fire spread direc-
tion (Figure 3). The width of these strips is determined as a user input that
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Figure 3—The fire behavior simulation uses a minimum travel-time (MTT) algorithm that
(a) for a given landscape (b) produces an arrival time map which can be contoured to
indicate fire progression and (c) displayed along with fire travel routes which correspond
to calculations of “fire influence” (i.e. the area burned as a result of burning through
that grid cell). All travel paths are shown in (c) as fine black lines and the “major” travel
paths chosen at specified distance intervals and are indicated by bold yellow lines.

regulates the maximum dimension of treatment units allowed. This is similar
to the method described by Finney 2002b, but this algorithm produces a
deterministic solution:

1. Beginning with the upwind strip, fire growth and minimum travel routes
are computed (Figure 4a). Concave segments along the fire arrival time
contour are identified. These segments are concave in terms of the fire
arrival time at a particular row of the landscape, which means that they
start and end with a local maximum arrival time (Figure 4b).

2. Within the strip, the minimum travel time path for each segment is
identified and followed backwards in time and space to record intersec-
tions with areas where fire behavior differences exist between the two
landscapes (Figure 4c¢).

3. A choice is made for the best place to start the fuel treatments for each
segment. The choice was based on criteria of having the earliest time
where fuel treatments are possible. Arrival times are reset to infinity for
all nodes (on the entire landscape) having an arrival time later than the
time at the starting location.
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4. The minimum travel-time algorithm is re-run for the strip using the
post-treatment landscape data (Figure 4d). This is done for the entire
strip separately for each segment identified in #1 above since the time
contour used as starting point for fuel treatments identified in step 3 is
typically different for each segment. The new arrival time map is stored
for each segment and represents the rate of fire growth assuming all fuel
treatments have occurred.

5. An iterative procedure identifies and delineates treatment units within
the strip that have sizes and shape for efficiently retarding fire growth.
A treatment unit is identified as a contiguous group of cells marked as
treated using a contagion algorithm (Figure 4¢). For each travel path
the process marks treatable contiguous cells with arrival times greater
than the starting point up to a time limit that is iteratively increased
until the specified fraction of the landscape (strip) is treated. For each
treatment unit, the contiguous block of marked cells is expanded lat-
erally until the forward time difference is also reached. This creates a
treatment unit that approximates the balance between time required
for spreading through the unit and spreading around the unit (Finney
2001a).

a. Simulate fire
progress and find
main travel paths
A (no treatment)

\ ] v ¥ ¥ v b Identify concave

| 4 segments of arrival
5 F/\/‘\/\J time in upper row

I (no treatment)

| 11— /A
A Fie o c. Intersect
.............. e M \
K = / T Ned § ? travel paths

General Direction ; and treatment
of Fire Movement opportunity

Landscape — ~ A~ I\

i /% d.Simulate fire

progression
for treated
Landscape (dark line)

e. lterate treatment
units and simulate
fire progress
treatment

Horizontal Distance

Figure 4 — Optimization process begins by dividing the landscape into rows. For each row beginning with the
row farthest upwind (a) fire growth for the pre-treatmentlandscape is calculated using the MTT calculation
to identify travel routes and produce an arrival time map (b) the concave segments of arrival time are
identified at the ending row, (c) intersections of the major fire travel paths and the treatment opportunity are
identified (areas where treatments reduce the fires spread rate) and the point with the earliest arrival time
of this intersection is recorded, (d) fire growth for the potential landscape is calculated from the starting
time identified in (c), and (e) iteration of treatment unit size and shape is performed.

USDA Forest Service Proceedings RMRS-P-41. 2006.

Finney

113



Finney

114

A Computational Method for Optimizing Fuel Treatment Locations

The algorithm assumes that the fire front will have a rippled time contour
or “fingers” at the forward edge produced by varying spread rates that result
from fuels, topography, or wind patterns. The algorithm targets fuel treat-
ments to block these fingers since they are local zones of faster spread. For
relatively uniform conditions, where little or no variation exists, the algorithm
must be modified to place fuel treatments by some other rule. The rule used
here within a given strip was a systematic and regular spacing, which produces
the ripples at later time periods.

In optimal regular patterns (Finney 2001a) the most efficient treatment
unit size depends on overlap and separation of neighboring treatment units.
These dimensions are constant among units, and as such, are difficult to
transfer directly to actual landscapes that contain complex variation in fuels,
topography, and perhaps weather (wind direction, fuel moisture). The regular
patterns don’t apply here because the size and orientation of a given treat-
ment unit is only efficient in the context of other possible units encountered
immediately before and after by fire moving across the landscape. Yet, each
unit modifies the path of fire into succeeding units. Thus, a compromise
was undertaken for the algorithm that assumes that the delay of fire spread
through the unit must be twice the delay in circumventing it. This will not
be strictly valid if the fuel conditions downwind of the treatment unit are
substantially different from those upwind.

Evaluation of the Algorithm

Two kinds of landscapes were used to evaluate the performance of the
algorithm. First, an artificial simple landscape with several slow-burning fuel
patches was used to test the ability of the algorithm to produce treatment
patterns similar to the theoretical patterns described by Finney (2001) and
illustrate the sensitivity to localized non-uniformities in the landscape. Here
fuel treatments were implemented to reduce spread rate to 1,/20™ of the un-
treated rate. The second landscape was located near Flagstaft Arizona. The
historic fires were plotted and the predominant SW to NE orientation of the
large wildfires was used to orient the treatment units against this major spread
direction. Weather for the fire simulations were chosen at 99" percentile of
the historic National Fire Danger Rating System (NFDRS) index Energy
Release Component for fuel model “g” (ERC(g)) which provides the fuel
moisture content of the fuel components required for fire behavior modeling.
Wind speed and wind directions were chosen to reflect the period of major
fire growth associated with the historic large fires (Figure 1) that have burned
in this area. Treatment prescriptions were only applied to ponderosa pine and
mixed conifer forest areas in public ownership and consisted of changing sur-
face fuels to fuel model 9 (Anderson 1982) increasing the crown base height
and decreasing crown bulk density (both making crown fire more difficult).
No treatment was permitted in meadows, on privately owned lands, or in a
designated USES Wilderness area in the north part of the area.

The response of the fire behavior to the various treatment options was
measured in terms of average spread rate, relative change in wildfire size, and
conditional burn probability. The conditional burn probability was determined
by random fires simulated under the target weather conditions (Finney 2002a)
for varying amounts of time (resulting in various fire sizes after 360, 720,
and 1080 minutes of spread). This probability is “conditional” because is
represents the probability of burning once a fire becomes large (>100 ha) or
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escapes initial attack, which typically occurs at a rate of less than 2% per year
(NIFC 2002, Neuenschwander et al. 2000). Mean spread rate was obtained
by dividing the average arrival time for the last row in the landscape by the
linear travel distance.

Results

Treatment optimization for the simple landscape produced partially
overlapping patterns similar to those of the analytical model (Finney 2001a)
with the exception of the downwind edge of the few slow-burning patches
(Figure 5). Patterns were similar when the optimization was directed to
vary the sizes of treatment units. The average spread rate of the fire across
the entire landscape showed the same response to increasing amounts of
treatment as average fire sizes and average burn probability (Figure 6) for
a given size of simulated fire. Burn probabilities were higher when larger
fires were simulated but responded the same across the range of treatment
percentages (Figure 6b,c). In addition, the increased efficiency of the op-
timal pattern compared to random treatment patterns was similar to the
same comparisons for theoretical patterns (e.g. Finney 2003).

Treatment Pattern

Fire Progression

Figure 5—Treatment optimization runs for a simple flat landscape that contains eight small
patches of slow-burning fuel (purple). From left to right the maximum treatment dimension
is increased from 800 m to 2,500 m. Treatment units are shown independently along with
the fire progression which reveals that treatment units cause repeated disruptions of fire

movements.
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Figure 6 —Summary of optimization results for simple landscapes over ranges of
treatment amount were measured in terms of (a) average spread rate across the
landscape, (b) average fire sizes for 1,000 simulated randomly ignited fires of different
durations, and (c) average burn probability for the landscape determined from 1,000
random ignitions.

The optimal patterns for the Flagstaft landscape were less systematic than
the patterns on the real landscape (Figure 7) and were strongly influenced by
areas where treatment was precluded by ownership (private and designated
wilderness) or vegetation type (i.e. meadows represented by grass fuels (Fuel
Model 1)). The optimal pattern was more efficient at all levels of treatment
than the random pattern (Figure 8a). However, the presence of untreatable
area interspersed among the forests provided conduits for rapid fire spread
and decreased the efficiency of the optimal pattern in retarding overall fire
growth compared to random patterns as seen in the simple landscape and
theoretical comparisons (Figure 8a). As with the simple landscapes, the
relative fire sizes and conditional burn probability decreased with amount of
treatment (Figure 8b,c).
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Figure 7—Optimal treatment patterns for the Forest Ecosystem Restoration Analysis project (FERA) for an
area surrounding Flagstaff, Arizona. Each pattern represents 20% of the analysis area in treatments with
only the treatment size varying by alternative. 2,500 m (a), 1,200 m (b), 800 m (c), and 600 m (d). The analysis
area is 2,906 km? and 168,853 ha within the Kaibab and Coconino National Forests and is a portion of a
larger landscapes (809,375 ha).

Discussion

This study showed that an optimization algorithm produced treatment pat-
terns on simple landscapes with impacts on spread rate similar to the analytical
solutions for similar landscapes (Finney 2001a). This is encouraging because
performance on complex landscapes cannot be directly assessed relative to
theoretical results. Relative performance of optimal patterns on both simple
and complex landscapes could be assessed in relation to random patterns. This
comparison suggested that optimization efficiently reduced spread in both
landscapes but that the presence of untreatable areas within the landscape
compromises the efficiency of the overall pattern. The poor efficiency of the
random patterns is also similar to theoretical results (Finney 2003).
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Figure 8—Optimal and random treatment patterns for 1,500 m units on the Flagstaff
landscape reduced fire spread rate (a), mean fire sizes (b), and conditional burn
probability (c) efficiently compared to random treatments. Although fuel treatments
individually reduced fire spread rate by about 90%, the collective benefit of even the
optimal pattern was compromised by the presence of large grass meadows that could
not be treated. Grass fuels with full wind exposure had spread rates more than four
times faster than the forest fuel types and served as conduits for fire growth which
reduced effectiveness of treatment pattern in minimizing overall fire growth.

The intent of the optimization was to target treatment locations in areas
where fire flow is greatest, meaning that these areas have greater influence
on the area burned downwind. The position of the treatment units relative
to the slow-burning patches that existed before treatment illustrated how
treatment units were positioned to avoid the lee-side wake on the back-side
of each of these patches. The major flow paths are located laterally around
the left and right flanks of the slow-patches and directed the location of the
treatment units.

Maximum treatment unit dimension was varied from 800 to 2,500 m (~0.5
to 1.5 mile diameter, or up to 160 to 960 acres if the units were square) in the
optimization but made little ditference to the aggregated spread rate, burn
probabilities, or the average fire sizes. The flexibility of treatment size would
be important to application of treatment units to different landscapes, ecol-
ogy, topography, and constraints on treatment as illustrated by the Flagstaft
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example where meadows could not be treated (Figure 7). Treatment unit
sizes also affect the optimal spacing between units and appropriateness for
wildfires in ditferent fire regimes. Large fire patterns may permit large treat-
ment units and wide spacing, but smaller fires are theoretically little affected
by widely spaced treatment units. The possible enhancement of treatment
longevity associated with larger units (Finney et al. 2005) may be an additional
consideration in selecting treatment sizes for the optimization.

The algorithm developed here was intentionally designed to produce
“greedy” solutions for individual treatment units by blocking flow-paths that
are identified as “major” only within the current strip. An alternative would
be to identify and block fire flow-paths that become important farther down-
wind than the immediate strip. These two approaches will probably diverge
for more complex landscapes because remote downwind landscape condi-
tions (e.g. fuels and topography) may obviate a local pathway. The emphasis
on a greedy solution has two advantages. First, it is faster computationally
because fire growth does not have to be simulated far downwind from the
current strip. Second, and perhaps more importantly for fire management
applications, the greedy solution situates a treatment unit on a locally major
pathway which increases the proximity of a well-placed treatment unit to a
randomly located ignition source.

Amount of treatment tested was limited to 40 percent because theoretical
differences between the optimal and random treatment patterns diminish with
treatment cover above some level around this point (Finney 2003, 2004).
This means that if financial or operational resources permit landscape treat-
ment at a rate sufficient to maintain a landscape at about 30 or 40% treatment
annually, then the spatial pattern becomes less important and optimization
is not as useful. In natural fire regimes, observed interference by fire history
patterns on subsequent wildfire growth (van Wagetndonk 1995, Parsons and
van Wagtendonk 1996) is derived from largely random ignition patterns only
because the frequency of fire is sufficient to maintain a large fraction of the
landscape in a fuel-modified condition.

The spatial optimization assumes that the spatial pattern is extant at a given
instant in time. In reality, however, treatments are accomplished on an annual
basis and treatment effects to reduced fire behavior diminish with time. To
achieve an effective spatial pattern means that the annual rate of treatment
or maintenance must be high enough to achieve the cumulative spatial pat-
tern while treatment eftectiveness decreases. Little is known about treatment
longevity but a few studies suggest that benefits to fire effects are limited to
about 10 to 15 years (Biswell et al. 1973, Fernandes et al. 2004, Finney et al.
2005). Consequently, this suggests that the minimum annual treatment rate
can be estimated to be about 1/10t" of the total treatment cover desired.
For example, if treatment of 20% of the landscape is a desired state, then the
annual rate of treatment must be no lower than approximately 2%.

Spatial constraints are accommodated in the treatment optimization auto-
matically where fire behavior is identical between pre-treatment and potential
treatment landscapes. Areas where fuel treatment changes fire spread rate will
be considered available for treatment and perhaps selected if intersected by
major fire travel paths. Those areas where treatments are not possible contain
the same fuel conditions in both landscapes, thereby offering no contrast in
fire behavior and no reason for selecting them for treatment even if major
flow paths intersect these areas. Such effects can be seen in the large areas
with no treatment in the Flagstatf example because of the location of grass
meadows and designated wilderness areas that are not available for treatment
even though the fire may spread very rapidly (Figure 7).
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The current algorithms neglect effects of spotting on fire progression and
fuel treatment locations. Spotting is a fire behavior that includes the loft-
ing and transport of burning embers downwind which start new fires and
permit fire to breach barriers and discontinuities of fuels. Models for ember
production and transport (Albini 1979) are included in other fire behavior
systems (Finney 1998) and can be included here in future. The exact effect
of spotting on treatment performance is not clear because fuel treatments
often limit the source of new embers as well as retard the growth of eventual
spot fires. Spotting effects may be minimized by manually increasing the size
of treatment units to mitigate overflight possibilities. But longer separation
distances between larger treatments permit wider headfires to develop in be-
tween treatment units which may increase spot fire generation. Even if spot
fires breach the treatment units, an extensive landscape pattern of treatments
would impose repeated interruption of any new fires.

Conclusions

The optimization procedure was developed with the intent of obstructing
the movement of large wildfires rather than containing them. The algorithm
was capable of reducing the average fire growth rate efficiently for complex
and simple landscapes. This procedure can be useful for inclusion in fire
management planning activities because it offers a means of measuring the
performance of fuel treatments at both a stand- and landscape-level.
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Simulation of Long-Term Landscape-Level
Fuel Treatment Effects on Large Wildfires

Mark A. Finney', Rob C. Seli!, Charles W. McHugh', Alan A. Ager?,
Berni Bahro3, and James K. Agee*

Abstract— A simulation system was developed to explore how fuel treatments placed
in random and optimal spatial patterns affect the growth and behavior of large fires
when implemented at different rates over the course of five decades. The system
consists of a forest/fuel dynamics simulation module (FVS), logic for deriving fuel
model dynamics from FVS output, a spatial fuel treatment optimization program, and
spatial fire growth and behavior model to evaluate the performance of the treatments
in modifying large fires. Simulations were performed for three study areas: Sanders
County in western Montana, the Stanislaus National Forest in California, and the Blue
Mountains in eastern Oregon. Response variables reported here include: (1) fire size
distributions, (2) large fire spread rates, and (3) burn probabilities, and all revealed the
same trends. For different spatial treatment strategies, our results illustrate how the rate
of fuel treatment (percentage of land area treated per decade) competes against the
rates of fuel recovery to determine how fuel treatments accrue multi-decade cumula-
tive impacts on the response variables. Using fuel treatment prescriptions that involve
thinning and prescribed burning, even optimal treatment arrangements (designed to
disrupt the growth of large fires) require at least 10% to 20% of the landscape to be
treated each decade. Randomly arranged units with the same treatment prescriptions
require about twice that rate to produce the same effectiveness. The results also show
that the fuel treatment optimization tends to balance maintenance of previous units
with treatment of new units. For example, with 20% landscape treatment, fewer than
5% of the units received 3 or more treatments in 5 decades with most being treated
only once or twice and about 35% remaining untreated the entire planning period.

Introduction

Benefits of fuel treatments for mitigating the severity of wildfires have
been documented at the stand level for much of the 20t century (Weaver
1943, Cooper 1961, Biswell et al. 1973), particularly in ponderosa pine and
dry mixed conifer forests in the western United States (ponderosa pine and
Douglas-fir). Recent large wildfires have stimulated renewed interest in fuel
treatments and prompted new studies that have confirmed these findings
(Pollet and Omi 2002, Graham 2003, Graham et al. 2004, Raymond and
Peterson 2005, Agee and Skinner 2005, Cram et al. 2006). Beyond the
immediate stand level (i.e. fuel changes over time and large spatial scales)
treatment effects are poorly understood. Only a few studies of treatment
longevity exist (Biswell et al. 1973, van Wagtendonk and Sydoriak 1987,
Finney et al. 2005) and indicate diminishing benefits beyond about a decade.
Landscape-level effects from various treatment patterns are still largely theo-
retical (Finney 2001a, 2003, Hirsch et al. 2001) with few observations of
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treatment performance in altering fire movement (Finney 2005). Given the
difficulty with implementing large-scale and long-term experiments in fuel
treatment, this study sought to use computer simulation to explore complex
interactions of landscape treatment pattern and temporal vegetation/fuel
changes in addressing the following questions:

1.

2.

What effect does spatial treatment pattern have on fire growth on complex
landscapes?

At what rate must fuel treatments be implemented across a landscape to
produce aggregated or cumulative effects on wildfire growth?

. For purposes of disrupting fire growth, should existing fuel treatment

units be maintained or should effort be made to implement new treat-
ment units?

How do restrictions or constraints on fuel treatment location (because
of conflicting land management objectives) affect treatment benefits?

. How do landscape-level fuel treatment patterns perform under weather

scenarios more moderate than the extreme conditions specified in their
design?

Methods

Our objectives were to produce a simulation system that implements fuel
treatments over large landscapes in order to evaluate the impact on potential
fire behavior over multiple decades. The system (Figure 1) consisted of:

1.

The Forest Vegetation Simulator (FVS) for simulating the changes over time
in forest vegetation (Crookston and Stage 1991) and fuels (Reinhardt and
Crookston 2003). The FVS models were used for multiple stands compris-
ing a landscape and for implementing the treatment prescriptions.

Treatment
Optimization |
(TOM)

Custom
Fuel Logic

Landscape Fuel Data

Figure 1—The simulation system was run for each decade. This system consisted of the
Parallel Processing version of the Forest Vegetation Simulator (PPE-FVS) that simulated
forest development with and without treatment, derivation of surface fuel models from
the biomass categories and production of spatial landscapes for each scenario, spatial
optimization of fuel treatment locations for disrupting fire growth, and implementation
of treatments as feedback for the next simulation cycle in PPE-FVS.
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2. Aspatial model for choosing the location of treatment units using optimal
or random selection logic (Finney 2002a, 2004, Finney in prep.).

3. Afire growth simulation model used to evaluate the impact of treatments
in terms of fire growth rate, fire sizes, and relative burn probability
(Finney 2002b).

Simulating Forest and Fuel Conditions and Treatment
Prescriptions using FVS

The Forest Vegetation Simulator (FVS) is widely used in the U.S. for for-
est growth and yield modeling (Wykoft et al. 1982) and has recently been
modified to record information on fuels and woody debris (Reinhardt and
Crookston 2003). FVS has multiple “variants” that correspond to species,
growth rates, and fuel types of forests in numerous regions throughout the
U.S. Our system relied on a custom verson of the Parallel Processing Exten-
sion (PPE) of FVS (Crookston and Stage 1991) which processes the stand list
cycle-by-cycle (rather than one at a time for all cycles as in the normal version
of FVS) and implements specific silvicultural and fuel treatment prescriptions
(i.e. modifies forest and fuel structures). This custom version of PPE controls
the simulation loop that calls separate routines outside of PPE that identify
specific stands to treat. The PPE module then implements the prescriptions
and processes the growth and fuel deposition for the next simulation cycle.

The stand-level prescriptions representing fuel treatments in FVS were
specifically developed for treating fuels rather than to extract forest products
(e.g. timber volume) or meet long-term ecological objectives. Treatments
that include removal of surface fuels by prescribed burning have shown the
greatest effectiveness in reducing fire intensity and severity (Helms 1979,
Martin et al. 1989, Fernandes 2003, Raymond and Peterson 2005, Agee and
Skinner 2005), either alone or in combination with silvicultural activities
that reduce vertical and horizontal continuity of canopy fuels (Hirsch and
Pengelly 1999, van Wagtendonk 1996, Stephens 1998, Graham et al. 1999,
Agee et al. 2000, Cram et. al. 2006). Canopy fuel parameters that influence
crown fire include crown base height and canopy bulk density (Agee 1996,
Scott and Reinhardt 2001, Agee and Skinner 2005). Treatments that only
involve cutting or canopy manipulation without surface fuel mitigation were
not implemented here because these activities often increase fuel availability
(Alexander and Yancik 1977, van Wagtendonk 1996, Brown et al. 2004,
Stephens and Moghaddas 2005, Raymond and Peterson 2005). Based on the
precedence of moditying surface fuels whenever canopy fuels are manipulated,
prescriptions were developed for each stand on the entire landscape based on
the forest species composition, structural stage, and general understory fuel
type (e.g. shrubs, grass, litter).

e Prescribed burning only. This prescription was used for maintenance of
the surface fuels when there was no need to reduce aerial fuels. This
prescription reduces surface fuels only and may kill small understory trees
and regeneration using the mortality functions in FVS (Table 1).

e Prescribed burning after various harvest prescriptions (typically low-thin-
ning). This treatment removes slash from the mechanical activities as
well as the pre-existing surface fuels (Table 1).

FVS requires a “tree-list” to be supplied for each stand. A tree list contains
the number of trees by species and stem-diameter class. FVS also requires
initialization of dead and downed “fuel pools” which represent the current
loading states of various fuel components and are critical to consequent fuel
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Table 1—FVS treatment prescriptions were developed to work inside of FVS/PPE
which provided a variety of general fuel treatments based on stand and
fuel conditions at the beginning of each decade.

Seedling/Sapling size class

Thin from below to 1580 trees/ha (640 trees/acre)
If 0 to 7.62cm diameter fuel loading (0-3 inch) >= 5.6Mg/ha (2.5 tons/acre)
Pile and burn fuel treatment

Poletimber size class

For fire tolerant forest types (PP & DF)
Thin from below to 30 m2/ha (130 ft2/ac) of basal area
Prescribe burn

For fire intolerant forest types (all others)
Thin from below to 34 m2/ha (150 ft2/ac) of basal area
Pile and burn fuel treatment

Sawtimber size class

For lodgepole pine forest type
Clearcut with reserves
Prescribe burn

For fire tolerant forest types (PP, DF, WP, & WL)
Thin from below to 32 m2/ha (140 ft2/ac) of basal area
Prescribe burn

For fire intolerant forest types (all others)
Thin from below to 34 m2/ha (150 ft2/ac). of basal area
Pile and burn fuel treatment

dynamics. Since a landscape is composed of polygons that delineate individual
stands, all stand polygons must be assigned a tree list. We used a process
called Most Similar Neighbor (MSN, Crookston et al. 2002) that uses a
representative sample of tree lists from areas throughout the landscape to
imput tree lists to polygons with no local measurements. The MSN process
uses canonical correlation analysis, a multivariate technique, to select the
tree list that corresponds to the polygon with minimum weighted distance
of predictor variables. Tree lists for measured stands were obtained from ex-
isting data collected by a) local forest stand exams, and b) Forest Inventory
and Analysis plots (FIA) (Van Deusen et al. 1999, McRoberts et al. 2000,
Reams et al. 2001). The size of stand polygons was approximately the same
for each study site, varying from 5 ha to 10 ha.

The output from the PPE version of FVS is contained in a table of stand
conditions each year in the planning period (we used a period of 10 years).
This table contains the fuel conditions that would have occurred with no
treatment along with those that resulted from application of the treatment
prescription that is critical for assessing the impact of the treatment on po-
tential fire behavior. The fuel conditions specified are those required of the
fire behavior models used to evaluate wildfire impacts (Finney 1998). The
FVS polygon fuels data specifically includes canopy cover, stand height, crown
base height, canopy bulk density, as well fuel pools, treatment history, and
stand species information for assigning a fuel model (Anderson 1982, Scott
and Burgan 2005). Because FVS currently does not utilize the Scott and
Burgan surface fuel models, the fuel model assignment for each stand was
accomplished outside of FVS-PPE. When the stand conditions are mapped
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spatially to the polygon locations, a forest landscape can be constructed
to contrast the effects of treatment for all stands in terms of fire behavior
variables. Non-forested polygon fuel conditions (e.g. grass, rock) were held
constant through the simulation.

Spatial Locations of Fuel Treatments

Having two sets of landscape fuel conditions each decade (depicting con-
ditions with and without treatment) makes it possible to spatially delineate
areas where fuel treatments are effective at changing stand-level fire behavior.
Treatments were only considered possible for areas where fire behavior would
be modified by implementing that prescription (e.g. thinning and prescribed
burning of a particular stand could not be conducted in sequential decades
if the second treatment did not reduce fire spread rate). Thus, the landscape
configuration of areas suitable or available for fuel treatment would vary from
decade to decade.

To move from the stand-level to the landscape-level, the spatial treatment
optimization attempts to locate a specified percentage of these stands to treat,
which optimally disrupt the growth or movement of large fires across that
landscape (Finney 2002a, 2004, Finney in prep.). This optimization numeri-
cally implements the concepts described by Finney (2001a) for an optimal
spatial arrangement of discrete units on a simple landscape that can be solved
analytically. For complex real landscapes, a numerical technique is required,
and makes use of a fire growth technique (Finney 2002b) to identify major
travel paths produced by fires growing under a set of specified weather condi-
tions. These weather conditions are obtained from historic local climatology
associated with large and extreme fires.

The algorithm finds intersections between the fire travel paths and stands
where the treatments slow the fire under the specified “target” weather
conditions. Target weather conditions are synthesized for a particular study
area from weather associated with historic large fires for which suppression is
ineffective (Finney 2001a). Weather parameters include fuel moisture, wind
speed and wind direction for the afternoon burning period (when the ma-
jority of fire area is burned). Typically, most large fires in a particular region
have a similar orientation produced by the wind flow of a synoptic weather
system that repeatedly contributes to the escape and rapid growth of fires.
Thus, selecting these conditions ensures that treatment prescriptions modify
fuels to sufficiently change fire behavior when fire suppression is impossible.
Stands that slow the fire are identified by the contrast in fire behavior between
treated and untreated stands. Fire behavior is calculated for each grid cell of
each landscape using an implementation of fire behavior models described
by (Finney 1998). Thus, a comparison of spread rate between two locations
indicates where treatments reduce spread and can thereby contribute to re-
tarding fire movement.

The spatial optimization technique begins by dividing the landscape into
rectangular strips oriented normal to the predominant wind direction (Finney
2002a, 2004, Finney in prep.). Beginning with the strip farthest upwind,
fire growth is simulated to identify major fire travel routes and their inter-
section with potential treatment areas (areas where the fire is slowed by the
treatment). The process then iterates to delineate separate treatment units
(one for each travel route) as constrained by unit size total treatment area.
The orientation of the treatment units will typically be perpendicular to the
major fire spread direction because this intercepts the main direction of fire
movement. This procedure is followed for each strip moving successively in
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the direction of the wind because treatments imposed on the landscape affect
the downwind fire travel routes and subsequent treatment areas.

For purposes of comparison of the spatial optimization, the spatial fuel
treatment module linked to PPE was enabled to perform a random selection
of forest stands.

Modeling Landscape-Effectiveness of Fuel Treatments

The performance of the various fuel treatment patterns at each decade were
evaluated in terms of the responses of fire growth (Finney 2002b) under the
99th percentile “target conditions. Effects of treatment are measured entirely
assuming an absence of fire suppression because the weather conditions tar-
geted for fuel treatment performance have historically been associated with
large fires for which suppression efforts were ineffective (i.e. 99t percentile).
However, reductions in overall fire growth rates, fire intensity, and fire sizes
that would be expected to facilitate suppression action in treated areas and by
linking or connecting treatment units by fire control lines (Bunnell 1998).

Wildfire responses were measured with the following metrics:

1. Total fire travel time (and thus, aggregated spread rate across the land-
scape) under the target weather conditions

2. The sizes of a randomly ignited fires on the landscapes, and

3. The average relative burn probability for all places on the landscape by
randomly ignited fires.

The fire travel time was used to calculate the aggregated average fire spread
rate of a fire from the upwind to the downwind edge of the landscape. This
was performed by igniting the upwind edge of the landscape and running
the simulation until it arrived at the downwind edge. The fire size distribu-
tions were obtained from simulations of 3,000 randomly located fires across
each landscape. These fires were simulated for the same weather conditions
identified as the “target” conditions used for the optimization because the
fires targeted for treatment performance are those that escape initial attack
efforts. This assumes that fire management policies attempt to suppress all
fires, leaving to spread only those that cannot be controlled under extreme
weather conditions (Table 2). The simulated fires are used to estimate the
relative burn probability for the landscape which is derived by tallying the
total number of fires that cross each grid cell of the landscape.

Study Areas and Simulation Scenarios

A large number of scenarios were developed for simulating five decades
of vegetation dynamics and treatment activity. The main variables evaluated
were:

Treatment amount (e.g. proportion of the landscape, from 0 to 50%),
Maximum treatment unit size (400 to 1600 meters per unit),
Treatment unit pattern (optimal vs. random),

Reserves of randomly selected areas in the proportion of 15% to 65% of
the landscape,

Fire simulations under weather percentiles of 90t 95t o test treatment
performance designed at the 99" percentile.

S

ot

The study areas were selected to represent some of the variability in forest
conditions that exist in the western U.S. The study sites selected for model-
ing actual landscapes are based on data availability and differences in the fire
regime, policy, land ownership, and social context. The variety of conditions

USDA Forest Service Proceedings RMRS-P-41. 2006.



Simulation of Long-Term Landscape-Level Fuel Treatment Effects on Large Wildfires

Finney, Seli, McHugh, Ager, Bahro, and Agee

Table 2—Summary of study area attributes and fire weather conditions simulated for fuel treatment

optimization.
Fire Weather
Study Area, Fire Regimes (general conditions used for
Location and size Land Ownership severity classes) fire modeling
Blue Mountains, OR « Wallowa-Whitman NF * Low-Mixed Severity * Wind 48kph, West
54,600 ha * Umatilla NF * Fuel Moisture (1hr 3%,
* Tribal (Umatilla) 10hr 4%, 100hr 5%,
* Private (non-industrial) Live Herb 100%, Live
* Private (industrial) Woody Shrubs 100%)
Sanders County, MT « Lolo NF * Low, Mixed, High * Wind 48kph, West
51,700 ha » Kootenai NF * 10hr 4%, 100hr 5%,
* Private (non-industrial) Live Herb 100%, Live
* Private (industrial) Woody Shrubs 100%)

« Salish and Kootenai Tribes

* MT Department of Natural
Resources & Conservation

» Sanders County, Montana

Stanislaus NF, CA « Stanislaus National Forest * Currently Mixed-High, * Wind 48kph, West
40,500 ha * Private (non-industrial) but historically low- * 10hr 4%, 100hr 5%,
* Private (industrial) mixed. Live Herb 100%, Live
Woody Shrubs 100%)

at these sites is intended for comparison of how fuel management objectives
(specific in both space and time) can be accomplished in the context of real-
istic variability, constraints on management activities, and understanding of
fire weather conditions. Table 2 contains the fire weather conditions used for
cach study area associated with 99t percentile Energy Release Component
(ERC) from the U.S. National Fire Danger Rating System (Deeming et al.
1977).

Sanders County, Montana—Sanders County consists of 680,000 ha in west-
ern Montana along the Idaho border from which a study area of 51,700 ha was
selected (Figure 2, Table 2). Land ownership is about 65% National Forest,
10% Plum Creek Timberlands, 5% school trust lands administrated by the
Montana Department of Natural Resources and Conservation, and 20%
small private landowners. Topography consists of the Bitterroot Mountains
with the Flathead and Clark Fork Rivers flowing the length of the county.
A wide variety of fuel types are present, with sagebrush/grasslands at the
lower elevations in the eastern half of the county, frequent fire interval pon-
derosa pine (Pinus ponderosa) stands throughout, western red cedar (Thuja
plicata) stands at the west end of the county and lodgepole (Pinus contorta)
and whitebark pine (Pinus albicanlis) stands perpetuated by stand replace-
ment fires at higher elevations. Private lands with the associated towns and
improvements are concentrated in the lower elevations along the rivers and
consist of the flashier fuel types. Barriers to fuel treatment include habitat
concerns for a variety of endangered species; grizzly bear, wolves, lynx, and
bull trout. Other issues are water quality limited streams and checkerboard
ownership.
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Figure 2—The study areas were located in western Montana (Prospect, Sanders County), the Sierra Nevada
mountains of California (Stanislaus National Forest), and eastern Oregon (Mill Creek).

Data for the study area of Sanders County, Montana consisted of continuous
polygon coverage across all land ownership categories attributed with tree list
data for the forested polygons. The polygon coverage was derived from that
used in the Northern Region Vegetation Mapping Project (Brewer 2004).
Data from USDA Forest Service Forest Inventory and Analysis (FIA) and
Salish-Kootenai Tribe Continuous Stand Inventory (CSI) plots (commonly
referred to as stand exam, forest inventory data, or observations) were used
to create tree lists. Each tree list location or observation was attributed to
the polygon it was located in and then imputed to other similar polygons,

using nearest neighbor analysis,
tree list attributed.

resulting in all forested polygons having a

Two sub-areas were chosen from Sanders County (labeled Prospect and
Baldy) because of the large size of the County and varying forest types and
treatment options. The Prospect area represents the north Idaho forest types
such as western hemlock (Tsuga heterophyla) and true firs (Abies spp.), limited
past management activities, continuous dense forest cover, prevalent brush
fuels beneath the forest canopy, and predominance of National Forest own-

ership. The Baldy landscape was
It contained a large rocky area at

smaller and more variable than Prospect.
high elevation surrounded by drier forest
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types including ponderosa pine and Douglas-fir and was composed of lands
administered by Indian tribal governments (Salish and Kootenai tribes) and
U.S. National Forest. Significant past management activities have created a
variety of age classes, forest structures, surface and aerial fuel conditions.

Stanislaus National Forest, California—The Stanislaus National Forest
is 363,000 ha and lies in the heart of the central Sierra Nevada from which
40,500 ha was selected for simulation (Figure 2, Table 2) with 7,754 tree-list
polygons. The administrative boundary includes industrial private timberlands
and small private parcels, many of which have been developed for housing.
Vegetation varies from hard chaparral (manzanita species), oak (Quercus
species) woodlands and ponderosa-pine (Pinus ponderosa) stands at the lower
elevations to the west to mixed-conifer and red fir (Abies mognifica) forest at
middle and upper elevations to the east. The western edges of this area are
representative of the wildland-urban intermix of the Sierra Nevada foothills.
The fire management strategy for the area was outlined recently in the forest
plan amendment Record of Decision. This directs the forests in the Sierra
Nevada to reduce threats to urban intermix areas and maintain 30 to 40%
of the landscape in strategically placed treatments. Treatment effectiveness,
landscape design, and monitoring effectiveness are key implementation ques-
tions. The fire regime has changed from a predominantly surface fire regime
among all forest type prior to settlement to more of a mixed-high severity
fire regime since about 100 years of fire exclusion. Surface and crown fuels
on all lands now contribute to a relatively continuous fuel complex with the
potential for broad destruction and loss of life if a fire should occur under
extreme conditions. The foothills of the central and northern Sierra Nevada
have recently been prone to these kinds of fires and result in losses and costs
in the hundreds of millions of dollars.

Data for the California study area consisted of continuous polygon cov-
erage across all land ownership categories attributed with tree list data for
the forested polygons. The Pacific Southwest Region Vegetation Inventory
Strata map was used for the polygon coverage. USDA Forest Service, Forest
Inventory and Analysis (FTA) data, supplemented with additional plots in rare
types and plantations, were used for the tree lists. Each tree list location or
observation was attributed to the polygon it was located in and then imputed
to other similar polygons, using most-similar-neighbor analysis, resulting in
all forested polygons having a tree list attributed.

Mill Creek, Oregon—The Mill Creek study area consists of 256,780 ha
of federal and privately owned lands situated southeast of Walla Walla, WA.
(Figure 2, Table 2). A subset of this area (54,600 ha) was used for the simula-
tions with a total of 5,732 different stand polygons simulated. The entire area
is situated on the west slope of the Blue Mountains, bordered by agricultural
lands on the west and the USES wilderness on the east. The private lands are
located on the western edge. About half of the study area is forested with
the remaining area covered by a mixture of dry grasslands, wet meadows,
and shrubs. Elevations range between 500 m along the lower western edge
to over 1,800 m in the east. The forest composition follows elevation, with
dry forests of ponderosa pine (Pinus ponderosa) intermixed with grasslands
in the west, cold forests dominated by subalpine-fir (Abzes lasiocarpa) and
Engelmann spruce (Picea engelmannii) in the east, and a transition zone
containing grand fir (Abies grandis), Douglas-fir (Pseudotsugn menziesii),
and western larch (Larix occidentalis) in the mid elevations.
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Forest stand delineations on the Forest Service portion of the study area
were obtained from existing vegetation GIS layers on file at the Umatilla
National Forest. Vegetation data and fuel loadings for these stands were
obtained from the Umatilla National Forest vegetation database. Tree lists
were a mix of field exams and data obtained from nearest neighbor analysis.
Stands outside the Forest Service boundary were digitized on orthophotos
flown in year 2000, and vegetation and fuels data obtained by field surveys.
Photo series including Fischer (1981) were used to estimate initial surface
fuel loadings.

We simulated stand-level treatments that consisted of selective thinning
from below, mechanical fuels treatment, and underburning. The thinning
prescription used the stand density index (SDI), and we triggered a thin in
FVS when a stand’s SDI exceeded 65% of the maximum SDI as specified in
Cochran and others (1994). The thinning prescriptions targeted removal of
late-seral, fire intolerant species like grand fir in mixed-species stands, favor-
ing early seral species such as ponderosa pine, western larch and Douglas-fir.
We simulated site removal of fuels and underburning after thinning.

Results

The simulation system was designed for multi-processor computers be-
cause of the intensive nature of the treatment optimization program and fire
growth model. The fire growth algorithms (Finney 2002a) and the treatment
optimization module were the most intensive and were run on 16-processor
systems. Run times for five decades of simulation ranged from 6 hours to
several days depending on the size of the landscape (area and number of
cells) and the resolution of the treatments. Treatment units were identified
by the treatment optimization (Figure 3) for each landscape for the target
weather conditions.

The performance of the treatments was measured in terms of the change
in landscape-level fire behavior, including average spread rate, conditional
burn probabilities, and average fire sizes. All measures showed identical
responses to the treatments (Figure 4) because slower moving fires burning
for a specified period of time will be smaller and thus contribute to a lower
overall probability of burning any portion of the landscape. Thus, only the
relative spread rate is reported for the remaining simulation results. All mea-
sures revealed that the landscape fuel conditions, and thus fire behavior, were
changing over time even in the absence of treatment (top line in all graphs
on Figure 4). The treatment effects must be evaluated with respect to the
untreated condition at each decade.

Optimal patterns of treatment units were found to reduce the average fire
spread rate efficiently for all study areas in comparison to random patterns
(Figure 5). Treatment unit size varied from 400 m to 1,600 m but unit size
had little influence on the effect of optimal treatment patterns on fire spread rate
regardless of the rate of treatment, simulation time, or study area (Figure 5). The
Baldy study size (Sanders County, Montana) showed the greatest variation
of relative spread rate (Figure 5f) in relation to treatment sizes from 200 m
to 1,600 m, especially as the percentage of area treated increased.

For each study area, the average fire spread rate decreased with percentage of
treatment but the amount of reduction varied by study area (Figure 5). Treat-
ments were found to be more efficient for the Prospect study site in Montana
than for any of the other study areas (Figure 5). With 10% treatment per
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Prospect, Sanders C0, Montana

Baldy, Sanders CO, Mortana

Stanislaus NF, California

Grass Fuels
GrassShrb Fuels
Shiub Fuels
Litter-Shrub Fuels

Litter Fuels
Barmen, Ho Fusl

il Creek, Oregon

Study areas and surface fuels  Optimal Treatment Units

Figure 3—Example data and outputs from the Montana, California, and Oregon study
areas showing surface fuel types and examples of optimized treatment locations along
with major fire travel routes prior to placement of treatment locations (treatment
location are intersected by travel routes).

decade, the fire spread rate was reducing to about 40% at Prospect, Mon-
tana (Figure 5a), 60% at Baldy Montana (Figure 5b), and 80% in California
(Figure 5¢), and 60% in Oregon (Figure 5d). Increasing rate of treatment
to 30% per decade improved the overall reduction in spread rate to 20% for
Prospect, Montana (Figure 5e¢), 40% for Baldy Montana (Figure 5f), 60%
for California (Figure 5g), and 40% for Oregon (Figure 5h). For all study
areas and treatment rates the effects of treatment were the greatest the first
decade and the cumulative effect of additional treatment was negligible after
the second decade of simulation. These trends occurred irrespective of the
amount of treatment but were more noticeable with high treatment rates.
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Figure 4 —Average fire spread rate across the landscape, conditional
probability of burning produced by simulating 3,000 fires (conditional upon
having a large wildfire), and the mean fire sizes revealed nearly identical
trends. Shown here are only the results for the Prospect, Montana study
area, although all study areas had identical comparisons among the response
variables.
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Figure 5—The magnitude of the treatment effect on average fire spread rate varied by study area although the
cumulative effects over time of random and optimally placed treatments were similar for all areas. Treatment unit
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size had little effect on the average fire spread rate.
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The rate of treatment in optimal patterns had a large effect on the cumula-
tive treatment effectiveness up to approximately 20% per decade (2% per year)
for all study areas (Figure 6). Increasing treatment rate beyond this point had
little effect on the ultimate fire spread rates. For each rate of treatment (1%
to 3% per year), the results suggested that cumulative effects of the optimal
patterns reached a steady state after the second decade (Figure 6) as well as
for random treatment patterns (Figure 5). Higher rates of treatment (40% to
50% per decade) produced little cumulative benefit to landscape fire spread

beyond the first decade.

Effectiveness of optimal treatment patterns in reducing fire spread rate was
little affected by randomly reserving less than about 20% of the area from
consideration from treatment (Figure 7). However, reserving 45% to 65% of
the area from treatment diminished the effectiveness of optimal patterns to

about the level of random patterns.

Prospect, Sanders CO, Montana

Stanislaus NF, California

Mo Treatrment

20%
30% 40% 50%

Baldy, Sanders CO, Montana

Mo Treatment

10%

20%
30,

Mill Creek, Oregon

o

10 20 30 40 50

0 10 20 30 40 50

Time (years)

Figure 6 —Treatments implemented at a rate of about 20% per decade produced overall reductions
in average fire spread rate similar to higher treatment rates for all study areas. Treatment rates of up
to 20% per decade required about two decades to reach the cumulative benefit reached in the first
decade for higher rates of treatment. All results are displayed for 800 treatment units, but trends are
nearly identical for unit sizes of 200 m, 400 m and 1,600 m.
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Figure 7—Simulated reserves of land area from fuel treatment reduced the effectiveness of optimal

treatment patterns to the point that reserving 45% to 65% produced results similar or even less effective

than random patterns.

The treatment preferences for re-treating or maintaining tuel conditions
in the optimal patterns was increasingly different from a random pattern as
the rate of treatment increased beyond 10% (Figure 8). The trends were so
similar for study areas that only the Prospect, Montana results are shown in
Figure 8. The random treatments produced the expected Poisson distributions
of treatment frequency (Figure 8a) which were similar to the treatment fre-
quency produced for optimal patterns at a rate of 10% per decade (Figure 8b).
However, treatment frequency was not random at higher rates of treatment
in optimal patterns (Figures 8c-8f). Specifically, about 35% of the landscape
would never be treated in an optimal pattern even with the highest rate of
treatment (50% per decade). Where treatment rates were the highest (40%
to 50% per decade), most fuel treatments were not maintained every decade
(Figure 8e, 6f).

Optimal treatments in all study areas remained more effective than random
treatments (Figure 9) in reducing fire growth rate under weather conditions
more moderate (90™ and 95™ percentile) than specified in the design (99th
percentile). The relative benefit of treatment, however, decreased as condi-
tions became more moderate because fire behavior contrasts decrease between
treated and untreated areas.

USDA Forest Service Proceedings RMRS-P-41. 2006.

139



Finney, Seli, McHugh, Ager, Bahro, and Agee

Percentage of Stands

Simulation of Long-Term Landscape-Level Fuel Treatment Effects on Large Wildfires

70 80
ol Random 0] . 10%/decade
50 60
o
40
40 | +— Random
30
10 | = 400m
20 - 800m
10 io 1 1600
0 ; 0 3
0 1 2 3 4 5 0 1 2 3 4 5
45 40
40 20%/decade - 30%/decade
35 s
30
25
25
5 20
18 15
10 10
5 5
0 — 0 —
0 1 2 3 4 5 0 1 2 3 4 5
40 40
- 40%/decade 4 50%/decade
30 0|
25| 25|
20| 20 ;
18] 161
10/ 10
°|
1] 0 I |
0 1 £ 3 4 5 Q 1 2 3 4 5

Number of Treatments in Five Decades

Figure 8 —The question of maintaining treatment areas or implementing new treatments was
summarized by the frequency of treatment over five decades. Random treatment resulted in Poisson
frequency distributions. At treatment rates of 20% and greater per decade, the optimal treatment
strategy consistently excluded some areas from treatment more frequently than random selection
and refused frequent treatment for other areas.
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Discussion

The simulations for the three study areas consistently suggested that all
treatment rates (10% to 50% per decade) accumulated benefits to reduced fire
spread rate, wildfire sizes, and burn probability out to about two decades in
all study areas. This is probably a result of the inherent fuel accumulation and
decomposition rates which determine longevity of individual treatments. Be-
yond that point, additional treatments produced little cumulative reduction in
the landscape fire metrics. Additionally, treatment rates beyond approximately
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Figure 9—Comparison of fuel treatment effects on relative fire spread rate across a range of fire weather
percentiles suggests that optimal treatment effects are robust under weather more moderate than the
conditions specified for optimization (99* percentile). Spread rates are shown for the 2nd decade of
simulation (when collective treatment effects are maximal) and normalized for each study area relative
to the spread rate at the beginning of the simulation (i.e. zero years). Weather percentiles are expressed
in terms of Energy Release Component (ERC) from the National Fire Danger Rating System and primarily
reflect changes in moisture content.

20% per decade in optimal patterns produced little added benefit for the
study areas. Few studies have directly measured fuel accumulation, but van
Wagtendonk and Sydoriak (1987) found that litter and fine twigs returned
to preburn levels in 5-7 years in the Sierra Nevada mountains of California.
The results of this study are generally similar to the findings of Biswell et al.
(1973), Fernandes et al. (2004), Finney et al. (2005) who reported fuel treat-
ment mitigation of wildfire severity out to 15 years, 13 years, and 9 years,
respectively. These timeframes for treatment longevity imply certain rates of
treatment by land management planners, namely that a substantial level of
etfort is required over the course of about two decades to realize the cumu-
lative benefits to mitigating large fire behaviors. Such effort has long been
advocated as a critical part of overall fire management (Brackebusch 1973,
Arno and Brown 1991). Evidence for effectiveness of such large scale-efforts
were documented by Weaver (1957) and showed prescribed burning in eastern
Washington State over 11 years, which covered about 6% of the landscape,
reduced fire occurrence on the treated lands by 97% and area burned by 90%
compared to the untreated areas. We did not study the trajectories of treat-
ment benefit related to changing the treatment rate through time, but, since
higher treatment rates certainly accelerated the production of benefits, higher
rates might be desirable in the first decade followed by later decreases.
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The three response variables of large fires (growth rate, fire sizes, burn
probabilities) all showed identical trends in relation to fuel treatments. Fire
growth rates (aggregated spread rate across the landscapes), mean fire size, and
the burn probability all decreased as fuel treatment amounts increased, both
for optimal and for random patterns. The explanation is straightforward, given
that faster fires will produce larger fires in an equal amount of time; larger
fires burn a larger fraction of the landscape each time and thereby increase
the burn probability. This is useful information for landscape fuel treatment
planning in the context of risk assessment (Miller et al. 2000, Priesler et al.
2004, Finney 2005) because burn probabilities are a main component of risk.
Fuel treatments can be designed to decrease burn probability by considering
both the treatment prescription at the stand level and the spatial arrangement
of the stands at the landscape level.

Difterences in the maximum reduction of fire spread rate were found among
study areas for random and optimal treatment patterns, probably because of
different fuel treatment prescriptions and the changes simulated by FVS in
the forest structures for those geographic locations. Ditferences could also
be a function of the particular spatial configurations of fuel types for each
landscape because treatments that dictated the areas suitable for treatment.
Both of these factors likely affect the outcome of the simulations because the
differences among study areas were consistent regardless of the use of opti-
mal or random spatial fuel treatment patterns. Thus, either rapid recovery of
fuels after treatment or limited positions of candidate treatment areas would
have similar effects on reducing overall effectiveness on the landscape-level
fire metrics.

Despite the complexity of the landscapes studied here and the complexity
of modeling required to characterize fuels, fires, and treatment units, these
results of the optimal and random landscapes correspond well with those based
on the theoretical analysis of simple landscapes (Finney 2001a,b, 2003). For
spatially optimal patterns, increasing the treatment rate reduces fire spread
rate and exhibits a negative-exponential-type shape. This was found for all
study sites and treatment unit sizes, although the magnitude of the decrease
depends on the particular landscape. This is interpreted to be the consequence
of different patterns of fast- and slow-burning fuel types on the real landscapes
that dictate the opportunities and impacts of the particular treatment units.
The decrease in spread rate with increasing treatment amount arranged in
random patterns did not exhibit the sigmoidal trend found from analysis of
simple spatial landscapes (Finney 2003), however, the random pattern was
much less efficient in reducing large fire spread than the optimal patterns.
The inefficiency of random patterns is also verifed by other theoretical stud-
ies (Loehle 2004, Bevers et al. 2004 ). Together, these results are useful for
drawing general conclusions about the role of spatial treatment patterns on
fire movement. The theoretical and spatially simple results apply quite well
to the expected trends for treatments on actual landscapes.

The benefits of optimal treatment patterns appear to be robust to uncer-
tainties in weather (wind speed and fuel moisture) as revealed for weather
conditions more moderate than those for which the patterns were designed
(Figure 9). Under moderate weather conditions, the contrast in fire behav-
ior between treated and untreated areas is diminished (fire spread rate and
intensity tend toward similar values). This means that the treatments will
result in a smaller proportional reduction in fire area than under extreme
conditions. However, the primary reason that treatments are not designed
for moderate fire weather is that modern suppression policies do not permit

USDA Forest Service Proceedings RMRS-P-41. 2006.



Simulation of Long-Term Landscape-Level Fuel Treatment Effects on Large Wildfires

large wildland fires to spread when suppression organizations are generally
successful in limiting fire spread. Thus, fire behavior is generally more benign,
fire suppression more effective, and treatments less necessary for changing
fire behavior when weather conditions are moderate.

The effects of reserving areas from treatment, irrespective of the location or
need for treatment, decreased the effectiveness of an optimal treatment pattern
and compromised the optimal solutions entirely at about 50% reserved. This
has bearing on the treatment planning process in land management operations
where restrictions are imposed for a variety of reasons, including concern for
treatment impacts on wildlife habitat, restrictions on proximity to streams
or rivers, road access, budget limitations, or ownership. These simulations
generally suggest that treatment restrictions amounting to more than about
40% of a landscape would diminish any advantage an optimal solution would
achieve over purely random treatment placement. The specific topology of
the various fuels and restrictions for a particular landscape, however, would
likely be different than this generalization. Nevertheless, if land managers
intend to achieve reductions in large fires, collaboration with all concerned
parties would likely be necessary to accommodate treatment locations to
achieve landscape-level effects.

The five-decade simulations suggest that both maintenance of existing
units and implementation of new units are important to the optimization
of spatial treatment patterns. The frequency of re-treatment in the optimal
landscape was different than produced by chance with the random treatments
(Poisson distributed) which indicates that the choice of fuel treatment activity
was driven by functional concerns. Compared to the random patterns, the
optimization attempted more treatments on new stands than on re-treating
old stands, probably because the treatment benefits endured for more than
one decade. It is unknown how the pattern would change if the simulation
were to have continued for 100 years, for example, that would have greatly
exceeded the time-frame of treatment performance.

Variation in treatment unit sizes had the least impact on modifying large
fires compared to treatment pattern and rate of treatment. Large and small
units typically produced similar reductions in fire sizes, spread rates, and burn
probabilities at all levels of treatment. Slightly lower efficiency (e.g. amount of
reduced spread rate per unit treated) of the smallest treatment unit sizes for
all study areas, however, suggests that emphasizing small units may restrict
opportunities to block fire movement in some critical locations which require
large units. That is, small units cannot effectively block the movement through
large corridors where fire easily moves. The optimization algorithm used here
is not flexible enough to effectively mix both small and large units.

Conclusions

The simulations suggested that long-term treatment effects are primarily
dependent on the rate of application of treatments and the spatial patterns of
treatment units. Treatment rates of 10% to 30% per decade reached a cumula-
tive maximum effectiveness in about two decades in all study areas. Higher
rates of treatment did not improve the cumulative effects beyond the first
decade. Random treatment patterns also produced cumulative effects on fire
behavior but were less efficient than the optimized patterns, requiring about
twice the area to be treated compared to optimal patterns.
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A Wildfire Risk Modeling System for Evaluating
Landscape Fuel Treatment Strategies

Alan Ager'!, Mark Finney?, and Andrew McMahan3

Abstract— Despite a wealth of literature and models concerning wildfire risk, field units
in Federal land management agencies lack a clear framework and operational tools to
measure how risk might change from proposed fuel treatments. In an actuarial context,
risk is defined as the expected value change from a fire, calculated as the product of
(1) probability of a fire at a specific intensity and location, and (2) the resulting change
financial or ecological value. The expected value definition accounts for landscape-
scale wildfire spread, intensity, and damage in a single measure, providing a relatively
robust metric for comparing the effects of fuel treatment scenarios. New advances in
calculating burn probabilities and recent work on resource valuation has set the stage
for actuarial risk analysis in fuels treatment planning. To demonstrate this approach, we
estimated expected net value change on 16,000 ha wildland-urban interface using 12
fuel treatment scenarios and four hypothetical value schemes. Burn probabilities were
estimated by simulating 200 randomly-ignited wildfires. The results showed a non-
linear response in expected value with increasing treatment area. Fuels treatments on a
relatively minor percentage of the landscape (20%) resulted in 20% to 50% increases
in expected net value for most scenarios. The modeling advances the application of
actuarial science to wildfire risk management and fuels treatment planning

Introduction

Despite an overwhelming literature concerning wildfire risk, field units in
the federal land management agencies lack a clear framework and the appro-
priate risk assessment tools for prioritizing and measuring the effectiveness of
proposed fuel treatment projects. It has been suggested that the lack of risk
assessment tools has led to short term, risk-averse management that has perhaps
exacerbated longer term risks from natural disturbances (Irwin and Wigley
2005). With few exceptions, existing wildfire risk systems are not well founded
in the actuarial sciences. None we know of model the interactions among
landscape-scale wildfire spread, fire intensity, and wildfire effects on the net
value of resources. The actuarial definition of wildfire risk is the expected net
value change calculated as the product of (1) probability of a fire at a specific
intensity and location, and (2) the resulting change in financial or ecological
value (e.g., Bachmann and Allgéwer 2001; Brillinger 2003; Finney 2005).
The net value change can include both present and future discounted values.
Assumptions about the effects of wildfire suppression on wildfire probability
and value change can also be incorporated into the expected net value change
equation. The process of wildfire 7isk assessment is concerned with changes
in expected loss in response to fuel treatments, structure improvements, and
assumptions about fire weather and suppression capabilities.
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Major advances in the spatial modeling of burn probabilities (e.g. Finney
2005; Miller and Parsons 2005; Parisien and others 2005) has set the stage
for rapid improvements in tools and methods for wildfire risk assessments.
Extensive work on resource valuation and ecosystem services has also provided
many frameworks for valuing resources in the expected loss equation (Calkin
and Hummel 2005; Calkin and others 2005; Rideout and Ziesler 2005).
We believe that a risk assessment model for fuels treatment planning is now
within our grasp, and such a model would significantly improve our ability to
measure the performance of fuel treatments over existing methods, especially
those that do not consider fuel contagion (Parisien and others 2005). Even
simplistic valuation schemes that weight key resources such as homes, wildlife
habitat, visual areas, combined with coarse estimates of burn probabilities
would provide far more robust measures for comparing fuel treatment options
compared to existing methods often used by field units.

In this paper we describe a wildfire risk model based on established concepts
and definitions of risk from the actuarial sciences. The modeling approach
was designed to be compatible with project level application on federal lands
in terms of resolution and data requirements. The system estimates expected
change in net value considering wildfire spread, intensity, and the effects of
fire on resources of concern. We tested the model on a 16,000 ha wildland-
urban interface in eastern Oregon, USA, using several hypothetical valuation
schemes. We report our initial findings here and discuss further work towards
an operational risk model for fuels treatment planning.

Materials and Methods

Study Area and Data

The Mt. Emily wildland urban interface extends 30 km along a north-
south ridge immediately north of La Grande, Oregon, where the forested
slopes of Mt. Emily and adjacent ridges descend to the agricultural lands in
the Grande Ronde Valley. For analysis purposes, a boundary was established
around the area using major drainages and natural breaks in vegetation, and
the area within contained 16,296 ha of federal, state, and privately owned
lands. About 12,471 ha within the study area are classified as forested lands
based on inventory data. Approximately 9,432 ha are managed by the U.S.
Department of Agriculture, Forest Service. The forest composition ranges
from dry forests of ponderosa pine (Pinus ponderosa), cold forests dominated
by subalpine-fir (Abies lasiocarpa) and Engelmann spruce (Picea engelman-
niz), and a transition zone containing grand fir (Abies grandis), Douglas-fir
(Psendotsugn menziesii), and western larch (Larix occidentalis). Surtface
fuel loadings exceed 140 metric tons/ha in some areas, with high loading
of dead ladder fuels in a large number of the stands (Wallace 2003). Fuel
accumulations accelerated after the 1980-1986 Western spruce budworm
(Choristonenra occidentalis) epidemic. Vegetation and surface fuels data ac-
quisition was accomplished in concert with a fuels reduction project on the
La Grande Ranger District and have been described in detail elsewhere (Ager
and others 2005; Wallace 2003).

Modeling Overview

We used a three step modeling process that involved: (1) Simulating landscape
fuel treatment scenarios with the Forest Vegetation Simulator linked to the Parallel
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Processing Extension (PPE, Crookston and Stage 1991), (2) Calculating fire spread
parameters (elliptical dimensions) with FlamMap, and (3) simulating random fires
and net value change with the mechanistic fire spread program RANDIG (devel-
oped by M. Finney). We integrated the first two steps into ArcGIS using Visual
Basic scripts (Pattison 1998) and the ArcObjects library (Chang 2004) to facilitate
the design and simulation of fuel treatment scenarios. Step three involved batch
processing landscapes with the RANDIG program.

Simulating Fuel Treatment Scenarios

We simulated fuel treatments using the Blue Mountains variant of the PPE
and the Fire and Fuels Extension (FFE, Reinhardt and Crookston 2003).
PPE simulates multiple stands in a parallel fashion, i.e., the simulation is com-
pleted for all stands each time period before cycling to the next time period.
PPE can model multiple, spatially explicit treatment constraints and priori-
ties at the stand scale for a given landscape (Crookston and Stage 1991). We
simulated 12 treatment scenarios by combining six treatment intensities with
two treatment priorities. Treatment intensities were created by constraining
the total treatment area to 0, 10, 20, 30, 40, and 66 percent of the forested
lands. The 66 percent constraint represents treating every overstocked stand
in the landscape (Ager and others 2005). The treatment priorities were based
on stand density index (SDENS) and residential density (RDENS). SDENS
chose stands for treatment based on their level of overstocking as defined
by the current SDI relative to the site potential (Cochran and others 1994).
RDENS prioritized stands based on the spatial density of homes in the sur-
rounding area. Residential density (residences/km?) was calculated from a
point layer of homes obtained from the Oregon Department of Forestry us-
ing a kernel density estimator with a 2 km search radius. Each stand polygon
was assigned the average residential density of the pixels within the polygon.
In the RDENS scenario, stands were also required to meet the same stand
density as in the SDENS scenario.

Fuel Treatment Prescriptions

The fuels treatment prescription consisted of selective thinning, site re-
moval of surface fuels, and underburning. We triggered a thin when a stand’s
SDI exceeded 65 percent of the maximum. Removal of trees was ordered
from smallest to largest so that the thinning treatments were effective at
reducing ladder fuels. Stands were thinned to a target SDI of 35 percent of
the maximum for the stand. The thinning prescriptions targeted removal of
late-seral, fire intolerant species like grand fir in mixed-species stands, favor-
ing early seral species such as ponderosa pine, western larch and Douglas-fir.
The species preferences were varied slightly by plant association group as
described in Ager and others (2005). Although the treatment prescriptions
were simplistic in relation to the diversity of ecological conditions in the
project area, they conformed to overall management practices in the area.
Underburning and mechanical treatment of surface fuels was simulated with
the FFE (Reinhardt and Crookston 2003). Fuel loadings were initialized in
FFE for each stand using the surface fuels data in the vegetation database.
We simulated mechanical treatment of surface fuels to remove 90 percent of
the 7.6 cm to 14.8 cm and 40 percent of the 2.5 cm to 7.6 cm surface fuels
(Wallace 2003). Underburning was simulated using weather conditions and
fuel moisture guidelines provided by fuels specialists on the La Grande Ranger
District. The treatment simulations were performed on a 1600 mhz single
processor PC and required about 5 minutes per scenario.
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FVS database outputs (Crookston and other 2006) for crown bulk density
(kg/m?2), height to live crown (ft), total height (ft), canopy closure (percent),
flame length, and crown fire activity were examined to quantify the effects
of the treatments on stand structure. For space considerations those results
are omitted from the present paper. We converted the databases to FlamMap
landscape files using Visual Basic scripts (Ager 2005). After finding problems
with the post thinning, FFE fuel model selection logic, we overrode the FFE
fuel model selection on treated stands and, based on expected fire spread rates
and behavior for the treated stands, assigned them to fuel model 181 (Scott
and Burgan 2005). This assignment was based on expected fire spread rates
in the post-treated stands.

Wildfire Simulations

For each management scenario, wildfire spread parameters (elliptical dimen-
sions, Finney 2002) for each 30 x 30 pixel in the study area were calculated
with a command line version of FlamMap (M. Finney). A fixed set of weather
conditions and fuel moistures were used to represent 97t percentile weather
conditions generated from local RAWS weather stations (Ager and others
2005; Bradshaw and McCormick 2000). The spread parameters for each
30 x 30 m pixel were then used as input for the RANDIG.fire simulation
program. RANDIG simulates fire spread using the minimum travel time
methods (Finney 2002) and inputs on wind, fuel moisture and topography.
We used RANDIG to simulate 200 random ignitions for each of the 12 fuel
treatment scenarios. The number of ignitions was chosen after preliminary
runs showed that burn probability estimates rapidly stabilized at this value,
which is similar to the findings of Parisien and others (2005 fig. 16). The dura-
tion of each fire was determined using a Monte Carlo approach that sampled
a frequency distribution of spread event days developed from a database of
recorded fires on the Umatilla National Forest from 1970 to 2005 (data on
file, Umatilla National Forest). We simulated a range of wildfire burn periods
with FlamMap for the study area, and then assigned a burn period value to
each fire in the database by matching it to a FlamMap simulated fire with
similar size. We recognize a number of assumptions and limitations in this
approach, although alternative methods are not readily available.

Calculating Risk

Using the definition of risk as the expected net value change, we incorporated
risk calculations into the RANDIG program with the following process. We created
four pairs of landscape value grids (30 x 30 m), each pair containing data on the
potential positive and negative impacts from wildfire (table 1), and representing a
particular valuation scenario. Loss functions were then created for each valuation
scenario that defined proportional changes in value for different flame lengths (table
1). RANDIG was then modified to tally the value change at each pixel for each
simulated wildfire and report the net change at the end of simulation (200 fires
per scenario). It is important to note that the loss functions and value layers were
purely hypothetical and created for the purpose of demonstrating the utility of the
wildfire risk approach in the current study area. The first valuation scenario (FX)
assumed a fixed value of $500 per ha, and the loss function specified a loss directly
proportional to flame length (table 1). The scenario was included to demonstrate a
simple method to incorporate both fire intensity and spread in measuring landscape
effects of fuel treatment scenarios. The second valuation scenario was developed
using home locations. We assigned a fixed value of $200,000 to each of the 176
homes in the WUI and then smoothed the point data using a kernel density
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Table 1—Loss functions for different valuation schemes used in the study. Data in the table are the proportional change
in the value of each pixel at different flame lengths. Positive values represents benefits, negative values represent
losses. Loss functions are hypothetical and were developed to illustrate the process for modeling expected change

in net value.
Valuation scenario
Flame length Residential values Wildfire benefits Residential and wildfire
(m) Fixed value (FX) (RES) (WB) benefits (RES+WB)
Loss  Benefits Loss Benefits Loss  Benefits Loss Benefits
0.0-0.30 -0.1 0.0 -0.1 0.0 0.0 1.0 0.0 1.0
0.30 - 0.61 -0.2 0.0 -0.2 0.0 0.0 1.0 0.0 1.0
0.61-0.91 -0.3 0.0 -0.3 0.0 0.0 1.0 0.0 1.0
0.91-1.22 -0.4 0.0 -04 0.0 0.0 1.0 0.0 1.0
1.22 -1.52 -0.5 0.0 -0.5 0.0 0.0 0.0 -0.5 0.0
1.52 -1.83 -0.6 0.0 -0.6 0.0 0.0 0.0 -0.6 0.0
1.83-2.13 -0.7 0.0 -0.7 0.0 0.0 0.0 -0.7 0.0
213 -2.44 -0.8 0.0 -0.8 0.0 0.0 0.0 -0.8 0.0
2.44 - 2.74 -0.9 0.0 -0.9 0.0 0.0 0.0 -0.9 0.0
>2.74 -1.0 0.0 -1.0 0.0 0.0 0.0 -1.0 0.0

function with a search radius of 200 m to generate a smooth grid of home values.
The goal was to represent the value of individual homes on a number of pixels to
reflect the uncertainty in the modeling about loss from direct ignition, and the fact
that significant value in the rural residences exists around the main structure. Each
residence was represented by 125 pixels having a maximum and minimum value
of about $2000 and $8,000 respectively. A loss function was then created that as-
sumed linear damage with increasing flame length (table 1). No benefits from fire
were assumed in this scenario. Again, the scenario was purely hypothetical and built
to demonstrate the utility of the risk system. A third valuation scenario assumed
that flame lengths under 1.2 m (4 ft.) constituted a fuels treatment, and generated
a positive value of $350,/ha. Negative values were not included in this scenario. A
fourth scenario (RES+WB) combined portions of the third and second scenarios
to consider both the loss of residences at flame lengths > 1.2 m, and the benefits of
low intensity fire when flame length was less than 1.2 m.

Within each simulated fire, the flame length at each pixel was used to cal-
culate the net value change using a loss function. The loss function translated
flame length into an expected change in value expressed as a proportion.
We simulated 200 wildfires for each combination of management intensity,
treatment priority, and valuation scheme, for a total of 9,600 fires. For dem-
onstration purposes we ignored a number of important factors including
the cost of fire suppression and fuel treatments, and revenues from harvests.
These factors will be considered in future work

Results

Burn Probabilities

Burn probability (BP) and average wildfire size decreased linearly with
increasing treatment intensity for both the RDEN and SDEN scenarios (Table 2).
The highest BP’s were observed for the scenarios without treatments, and
were in the range of 0.049 — 0.060, averaging 0.057. At the maximum treat-
ment rate, where all overstocked stands were treated (8,495 ha, 66 percent),
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Table 2—Results from wildfire risk simulations on the Mt. Emily study area. Each scenario represents a management
intensity (0, 10, 20, 30, 40, 66 percent of forested area treated) and spatial treatment priority (SDEN = stand
density index, RDEN = residential density). Two-hundred random ignitions were simulated for each management
scenario. Four resource valuations schemes were used to calculate an expected net change in landscape
value. Valuation schemes are: FX= flamelength, RES = value of residences, WB = wildfire benefits from low
intensity wildfire, RES+WB = combined RES and WB. The reported average and range is for the 4 simulations
per management scenario (one for each valuation scheme).

Average Average Expected net value change
burn Range in average wildfire ($/ha) by valuation scheme
Scenario Hatreated probability burn probability size (ha) FX RES WB RES+WB
SDEN-0 0 0.057 0.049 - 0.060 883 -53.4 477 40.6 10.9
SDEN-10 1690 0.040 0.038 — 0.045 624 -28.4 -340 371 6.6
SDEN-20 3255 0.038 0.036 — 0.040 624 -30.0 -34.3 320 -4.9
SDEN-30 4887 0.029 0.027 - 0.032 499 -25.6 -244 242 2.0
SDEN-40 6547 0.025 0.024 — 0.026 408 -19.5 -235 218 -6.9
SDEN-66 8495 0.017 0.017 - 0.018 278 -12.8 -16.9 144 -746
RDEN-0 0 0.053 0.052 - 0.056 893 -46.6 -38.4 46.9 18.2
RDEN-10 1690 0.040 0.037 — 0.041 683 -40.5 -22.2 311 -407
SDEN-20 3255 0.033 0.032 -0.035 552 -32.7 -191 286 -16.8
RDEN-30 4887 0.026 0.025 -0.028 435 -211 -149 232 -179
RDEN-40 6547 0.021 0.018 — 0.024 344 -15.0 -12.8 18.0 -46.1
RDEN-66 8495 0.016 0.016 — 0.017 273 -12.8 -124 131 -58.4

average BP was reduced to 0.016 for the RDEN and 0.017 for the SDEN
management scenarios. Thus, treating every overstocked stand reduces the
average probability of a 30 x 30 m pixel burning by 0.04. The BP estimates
varied only slightly among the four different simulations for each scenario
with the range averaging 0.0043. Considerable spatial variation in BP was
observed, with the largest values (0.22) along the eastern edge in the middle
of the study area. This same area also showed the largest reduction in BP
from the thinning treatments. For instance, BP was reduced from 0.22 to
0.07 between the no treatment and treating 66 percent of the landscape us-
ing the SDEN treatment priority.

Average Wildfire Size

Wildfire sizes in the 9600 simulations (12 management scenarios by 4
valuation schemes x 200 fires) ranged from 1 to 5,600 ha. Average wildfire
size decreased linearly with increasing treatment at the rate of about 0.07 ha
per ha treated for both the RDEN and SDEN (table 2). Thus, for every 100
ha treated, the average wildfire on the entire study area was reduced by 6 ha.
On a proportional basis, treating 20% of the landscape (3,255 ha) reduced the
average wildfire size by about 34%. Differences among the spatial treatment
scenarios (RDEN,; SDEN) in terms of wildfire size were minor.

Expected Loss

The hypothetical valuation schemes (FX, RES, WB, RES+WB, see table
1) showed large ditferences among the six management intensities and only
slight differences for the two different treatment priorities (fig. 1, table 2).
Average net change for the FX valuation scheme, where we arbitrarily val-
ued each ha at $500 and assumed a loss function directly proportional to
flame length (table 1), equaled -$46.65 and -$53.35 per ha for the SDEN
and RDEN treatment priorities at the 0 percent treatment level (table 2).
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Figure 1—Expected net value for the SDEN (top) and RDEN (bottom) treatment
priorities by treatment level ( percent of landscape treated) and resource valuation
scheme. SDEN and RDEN prioritized stand treatments based on stand density and
residential density, respectively.

At the maximum level of treatment (66 percent of landscape), the net value
increased to -$12.8 per ha for both treatment scenarios. On a proportional
basis, there was a 44% increase in net value when the treatments rate was in-
creased from 0% to 20%. We observed a slightly more rapid increase in value
with the SDEN versus the RDEN spatial priority between 0 percent and 10
percent treatment levels, perhaps due to the treatment of stands with higher
SDI and more extreme fire behavior.

Maps comparing the expected loss (FX) between two treatment priorities
(RDEN, SDEN) at 20 percent treatment showed distinct treatment patterns
(fig. 2). At higher treatment levels, the difference between spatial priorities
was diminished (fig. 1). The SDEN treatment priority resulted in a relatively
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Figure 2—Map of the study area showing expected value loss ($ per ha) from wildfire
for the SDEN (left panel) and RDEN (right panel) treatment priorities with 20 percent
of the landscape treated and fixed land values ($500 per ha). Values shown in legend
represent value loss.

large increase in the net value in the central portion of the project area which
currently supports a higher proportion of overstocked stands. In contrast,
the RDEN treatment priority, which selected stands for treatment along the
castern edge of the study area near residences, showed relatively low expected
values in the central portion of the project area.

Mapping the difference in expected value (FX) between the untreated and
treating 20 percent of the forested area for the SDEN treatment priority was
used to compare the effects of fuel treatments on expected loss inside and
outside the treatment areas (fig. 3). Changes in expected loss were apparent
especially in the treated areas (fig. 3). However, the effect of the treatments
outside the treatment units were also apparent (fig. 3), thus illustrating the
secondary (landscape) benefits of the treatments.

Simulation results for the RES valuation schemes, which valued homes at
$200,000 with a linear loss function (table 1) appeared very similar to the
EX valuation scheme, with increasing net value with increasing treatment
levels. The eftect of prioritizing treatment according to residential density
(RDEN) versus the stand density (SDEN) was evident in the results, with
the expected value for the former scenario substantially higher for the lower
treatment levels (10 to 30 percent, table 2). For instance, at the 30 percent
treatment level the expected value for the RDEN spatial treatment priority
was about $15 per ha higher as compared to SDEN where stands were treated
based only on their SDI. The expected value for the RES valuation scheme
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Figure 3—Difference in expected loss between no treatment and treating 20 percent
of the landscape (left panel) for the SDEN treatment priority, and fixed land valuation
($500 per ha). Darker areas represent benefits (reduced loss) from the fuel treatments.
Left panel is a zoomed image of the central portion of the study area showing the
same data and treatment units (horizontal hatching). Darker shading shows the off-
site, landscape effect of the fuel treatments in terms of reducing burn probability and
intensity, and potential loss from fire.

and RDEN treatment priority increased about 50% when the treatment rate
was increased from 0% to 20% of the landscape. The increased expected value
(decreased loss) between the SDEN and RDEN treatment priorities were
largely due to localized treatments around residences (fig. 4). Nevertheless,
treating stands based on density alone, which resulted in the bulk of the
treatments several kilometers from the residences, reduced the expected loss
in the RES valuation scheme (fig. 4, lower right panel)

As expected, the WB scenario, which valued wildfire fuel treatments at
$350 per ha when the flame length was less than 1.2 m showed decreasing
expected value with increasing levels of treatments (fig. 1). The drop in ex-
pected value with increasing treatment intensity mirrored the reduction in
average wildfire size (table 2). With less area burned by wildfire under the
higher treatment levels the expected value would be expected to drop.

The valuation scheme that considered both residential values and wildfire
benefits (RES+WB) produced some erratic results, although in general the
decrease in wildfire benefits with increasing treatment levels overshadowed the
effects on residential values (table 2, fig. 1). The variable results are difficult
to explain and are perhaps a larger number of simulated fires are required to
estimate expected values when there are multiple valuations on a landscape.
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Figure 4 —Expected loss for the RES valuation scheme at the 20 percent treatment level for the RDEN and
SDEN treatment priorities. The RES valuation scheme valued each home at $200,000. Left panel shows treated
stands (horizontal hatching) for the RDEN treatment priority where stands were prioritized for treatment
based on residential density. Black circles denote residences. Panels on right show the expected value
change for the stand density (SDEN, upper right) and residential (RDEN, lower left) treatment priorities.
Values in the legend represent expected loss.

Discussion

The results demonstrate a wildfire risk assessment process that incorporates
important interactions among wildfire spread, intensity, and resource values,
and illustrates how landscape fuel treatment strategies may affect the expected
net value change. The simulations assumed that, from a risk standpoint, the
primary concern is escaped fires and extreme fire conditions (Finney 2005),
since these are the fires that are responsible for the most damage. Suppression
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activities are generally ineffective in these types of fires, and thus were ex-
cluded from the model. Moditying the expected value equation to account
for mitigation such as suppression capability is discussed by Smith (2001).

We envision this modeling framework as a usetful one for simulating fuel
treatment scenarios and analyzing their performance with measures like
burn probability and net value change, especially within the context of col-
laborative fuels treatment planning (Bahro 2004 ; Gercke and Stewart 2000).
For instance, the change in expected value per ha treated could be used as
a measure of treatment performance. This measure can be partitioned be-
tween the treated area and non-treated area to measure the efficiency of the
treatment package in terms of local (treated stands) versus landscape-scale
(non-treated stands) effects.

From a research perspective, this modeling framework could also help
resolve one of the key risk assessment questions concerning fuels treatment
on federal lands: the tradeoft between potential short term impacts of fuel
treatments versus long term benefits of wildfire mitigation (Irwin and Wigley
2005). In this case the net value formulation will require discounted, future
losses and benefits, and the vegetation simulations will require a temporal
component. This type of problem is tractable with the FVS-Parallel Processing
Extension and the RANDIG program.

There are important differences between the methods used here to esti-
mate burn probabilities versus probabilistic models built with historical fire
occurrence and size data (Martell and others 1989; Mercer and Prestemon
2005; Preisler and others 2005). We have estimated a conditional burn prob-
ability to compare the effects of management, and set the number of fires
to a value that sample the landscape in terms of fire spread, intensity, and
value. Until we factor in spatio-temporal probabilities for ignition, escape,
and burn conditions (Davis and Miller 2004; Miller 2003; Parisien and
other 2005), there is most likely little relationship to the burn probabilities
estimated here and the actual probability of a wildfire on the Mt. Emily area.
However, precisely what parameters most influence burn probabilities and
whether a more complex model is necessary for modeling the effectiveness
of tuel treatments remains to be seen.

Although our resource value layers were hypothetical, they were useful for
demonstrating the application of the system. The modeling framework is also
well suited for analyzing long-term risk tradeoft between wildland fire benefits
and the cost of wildfire suppression and fuels treatments (Calkin and Hyde
2004). More realistic valuation and loss scenarios have been used in other
studies to examine treatment costs, potential timber revenues, and wildlife
habitat impacts over time (Hummel and Calkin 2005).

Resource valuation is a complex problem (Freeman 2003) especially on
tederally-managed lands where planners need to integrate monetary and non-
monetary valuations for analyzing and comparing risk among fuel treatment
alternatives. Valuation schemes that use a common, relative weighting system
for multiple resource values have been proposed for federal lands (Rideout
and Zielser 2005). Many other kinds of valuation data are readily available
online or in agency GIS systems. The risk framework described here could
be easily expanded to accommodate multiple loss and benefit grids and loss
functions in an integrated measure of risk.

Future work will involve experimenting with a number of factors that
atfect burn probabilities, such as ignition location, weather conditions, and
the effectiveness of suppression. We also plan to simulate treatment scenarios
through time to address the temporal aspects of wildfire risk assessment.
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Automating the Fireshed Assessment Process
with ArcGIS

Alan Ager', Bernhard Bahro?, and Klaus Barber3

Abstract—A library of macros was developed to automate the Fireshed process within
ArcGlIS. The macros link a number of vegetation simulation and wildfire behavior
models (FVS, SVS, FARSITE, and FlamMap) with ESRI geodatabases, desktop software
(Access, Excel), and ArcGlIS. The macros provide for (1) an interactive linkage between
digital imagery, vegetation data, FVS-FFE, and SVS, creating a map-based interface
for designing and testing stand fuel treatments; (2) rapid scale-up of stand-specific
treatments to simulate project-wide changes in vegetation and fuels; (3) data linkages
between FVS outputs and FlamMap/FARSITE to allow for simulation of landscape-scale
fire behavior and evaluation of fuel treatment scenarios; and (4) data linkages between
FVS outputs and ArcMap for rapid mapping of FVS database outputs. The library is
distributed as an ArcMap project file (.mxd) and is implemented on custom toolbars
on the ArcMap interface. The system was designed to automate geospatial analyses
performed in the Fireshed process to design and test fuel treatments in a collaborative
setting. A beta version of ArcFuels is available from the senior author.

Introduction

Planning fuel treatment projects on large forested landscapes requires a
number of wildfire and vegetation models to simulate and test the merits of
proposed management activities (Finney and Cohen 2002; Stratton 2000).
Treatment scenarios are typically constructed by iteratively selecting stands
for treatment, and subsequently evaluating the aggregate effects of treatments
on landscape-scale wildfire behavior by using wildfire simulators. Ideally, the
selection of specific stands is based on both the potential fire behavior within
the stand, and the stand’s topological relationship to other treated stands
(Finney 2004). Fuel treatment projects that do not address both stand and
landscape aspects of the problem may be ineffective in terms of reducing the
threat from large wildfires (Finney 2004; Finney and Cohen 2002).

The process for designing fuel treatments is complicated by multiple man-
agement goals and constraints on public lands (Hayes and others 2004). A
turther, perhaps more challenging problem for federal land managers is that
wildfire does not recognize land ownership boundaries, and thus treatments
must be designed in collaboration with other landowners. To address these
problems, a cadre of Forest Service fire specialists created a collaborative
process for building multi-ownership fuel treatment plans (Amboy 2006;
Bahro 2004; Bahro and others 2006). The process integrates multiple land
and resource management objectives when addressing and evaluating fuel
treatments (Ewell and others 2006). The “Fireshed” process starts with the
delineation of geographic units (10,000 to 50,000 ha) with similar fire re-
gimes, fire history, and wildland fire risk issues. In a collaborative setting, fuel
treatments are designed and tested in near real time with wildfire simulation
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models (FARSITE, FlamMap). The process requires a number of support staft
including geographic information system (GIS) specialists, database analysts,
and fire modelers, as well as a library of GIS macros and other programs.
The Fireshed process represents a major advance in fuel treatment planning,
and led to the Stewardship and Fireshed Assessment Pilot Program in the
Forest Service (Gercke and Stewart 2006). The framework is increasingly
being used as an organizing and operational framework for landscape fuel
treatment planning (Gallagher 2005). The concept of a fireshed also has
ecological science value and is being used as a research framework (Jordana
and others 2003).

In 2004, one of the authors (Ager) received funding from the Joint Fire
Science Program to streamline the process of fuel treatment planning (Ager
and McGaughey 2003). The project proposal identified a gap in the integra-
tion and data linkages among fire behavior models, vegetation and fuel data,
GIS, and desktop software. The Fireshed process was adopted as the design
template for the work. In this paper, we describe our progress to streamline
and integrate fuel treatment planning and the Fireshed process, and a new
library of macros (ArcFuels) within ArcGIS.

ArcFuels

Overview

We used the ArcObjects library (Chang 2004 ) and Visual Basic for Applica-
tions (VBA) (Pattison 1998) within ArcMap as the development framework.
The VBA development interface is integrated within ArcMap and Microsoft
(MS) Office products (Excel and Access); ArcFuels macros are distributed
within ArcGIS project files (.mxd). The project file is loaded into ArcMap,
and the macros appear as toolbars. Project defaults that specify the paths of
installed fire behavior models, vegetation databases, GIS themes, and various
other parameters are stored in a MS Access database.

The selection of models and linkages within the ArcFuels interface was
aimed at providing the user with the following functionality for fuel treatment
planning: (1) an interactive system within ArcMap to develop stand-specific
silvicultural prescriptions and fuel treatments, including thinning, under-
burning, and mechanical fuel treatment; (2) automated generation of data plots
showing how stand fuel treatments change wildfires in terms of flame length, fire
behavior [surface or crown], and stand mortality over time; (3) rapid scale-up
of stand-specific treatments to simulate project-wide changes in vegetation and
tuel from proposed management activities; (4) tight data linkages to Flam-
Map or FARSITE to simulate landscape-scale fire behavior and measure the
treatment performance in terms of wildfire probabilities, spread rates, and
fireline intensity (Finney 2004); (5) ability to easily modify and reevaluate
fuel treatment scenarios; and (6) integration of fire modeling spatial outputs
into ArcGIS and other programs to facilitate the evaluation of fuel treatments
with multi-resource objectives.

Data

Detailed modeling of fuel treatments for project-level planning requires
tree list data and information on surface fuel loadings. Forest Service tree list
data are stored within the FSVEG database system. In many projects, data for
polygons without stand exams are imputed by using a most similar neighbor
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approach (Crookston and others 2002). The Forest Service ESVEG system
can generate spatial vegetation databases that are compatible with the FVS
database extension (Crookston and others 2006). For the Fireshed process,
these databases can be augmented with key information about land manage-
ment strata and other factors important for building management scenarios
(for example ownership, management emphasis) and prescriptions.

Stand Modeling of Fuel Treatments

Developing and testing treatment prescriptions for specific stands is an
iterative process that seeks to find the best prescription to meet multiple
objectives. ArcFuels provides interactive linkages to the Forest Vegetation
Simulator (FVS) (Dixon 2003) and the FVS Fire and Fuels Extension (FFE),
which are widely used to simulate thinning, prescribed fire, and mechanical
treatment of downed fuels, and the post-treatment potential fire behavior.
These simulations use a well-defined weather scenario, usually generated from
field weather stations (http://www.fs.fed.us/raws/) by using FireFamily Plus
(Bradshaw and McCormick 2000). Stand prescriptions are developed with a
number of FVS keywords (for example THINSDI, SIMFIRE, FUELMOVE,
see Dixon 2003). FVS and FFE can also be used to examine the longer term
(for example 50 years) effects of the treatments on forest density and dead
fuel dynamics provided a forest regeneration model is available.

In the fuels treatment planning process, significant work is required to vali-
date stand data, define values for model parameters, and design stand-specific
treatments. To automate this process, we built a stand query function into
ArcFuels to allow users to interact with stand data and fire models within the
ArcMap interface. Users can also load digital color imagery for their project
area (http://www.apfo.usda.gov/NAIP.html) and overlay stand polygon
maps, and then test different management prescriptions by clicking on spe-
cific stands to execute one or more fire models. For instance, clicking on the
stand within ArcMap can be used to: (1) simulate management activities and
potential wildfire within FVS; (2) generate Excel graphs of stand metrics, fuel
loadings, and fire behavior and; (3) Visualize treatments and wildfire etfects
in the Stand Visualization System (SVS, McGaughey 2002). A direct link on
the ArcFuels forms to the FVS prescription keywords allow for rapid changing
of management prescriptions and testing of different fuel treatment options.
The system provides a rapid method for browsing a landscape in a spatial
context, examining and visually validating the data representing the stand,
and iteratively testing stand-level treatment prescriptions within a GIS.

Landscape Design and Testing of Fuel Treatments

Landscape analysis of fuel treatment scenarios examines the aggregate effect
of all treatments on potential wildfire behavior. The effects of fuel treatments
on other landscape-scale goals are measured at this stage. Goals for wildlife,
visuals, aquatics, and forest restoration may also be examined (Hayes and
others 2004). Of key importance is the spatial arrangement and size of the
fuel treatments relative to the direction of a likely wildfire event. Testing
the performance of fuel treatment strategies can be accomplished with the
FlamMap program in terms of fire spread, travel time, and burn probabilities.
The FVS parallel processing extension (Crookston and Stage 1991) is a key
part of this system. FVS-PPE is a little used extension that recognizes stand
contagion and can model harvest constraints, treatment goals, fuels, and
generates many of the specific inputs needed by landscape fire models.
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ArcFuels automates the process of selecting and /or assigning stand-spe-
cific prescriptions within a Fireshed and building the input files required by
FlamMap. The assignment of treatments to stands is accomplished in six ways:
(1) ArcGIS selection; (2) stand query function; (3) database queries that key
off of data in the stand database; (4) importing a treatment optimization
grid from FlamMap; (5) dynamic selection by using FVS-PPE variable; and
(6) external algorithms. FVS-PPE can prioritize and constrain on multiple
activities and land strata. The external algorithm approach was used by Finney
(2004) for fuel treatment optimization.

ArcFuels builds scenario files for the FVS-PPE from MS Access vegeta-
tion databases (Crookston and others 2006). Subsets of a landscape can be
selected by using the Select command in ArcMap, providing a simple method
to interactively simulate landscape subunits or specific stand types (for ex-
ample, select all stands within 200 meters of homes). FVS database outputs
can be automatically joined to stand GIS coverages for rapid mapping of the
simulation outputs. ArcFuels macros can be used to convert FVS database
outputs to the binary landscape files required by FlamMap and FARSITE.
This system can be used to generate sets of landscape files for multi-period
and multi-scenario FVS simulations.

ArcFuels uses a database approach to organize management prescriptions
for stands within a project area, and codes prescriptions within the stand
database required by FVS (Crookston and others 2006). This simplifies the
process of replicating complex constraints and management goals for multi-
owner Firesheds. Key information about land management strata and other
factors important for building management scenarios (for example, ownership,
management emphasis) are stored in the FVS stand database.

Mapping Outputs

With the database extension, FVS outputs can be written to an Access
database containing tables for stand summary statistics, potential fire be-
havior, fuels, and others (See Crookston and others 2006). A VBA script
on the simulation interface joins these tables to the Arc feature class layer
representing the stand polygons. Once joined, an array of map queries can
be performed with ArcMap commands to analyze FVS outputs in a spatial
context. The joining of other databases can be automated by editing the
underlying VBA macro.

Summary and Future Work

Our work addresses a major gap in the integration of wildfire behavior
models with GIS and desktop software used for the Fireshed process. The
approach was made possible by the recent development and release of ESRI’s
ArcObjects, and integration of the Visual Basic development tools within
ArcMap. The development strategy here permits rapid integration of new mod-
els within ArcGIS, and sharing of the VBA macros among other applications
and projects. We are continuing to test ArcFuels in several Fireshed projects
in the western United States. Further development is ongoing, including
a system for modeling and manipulating grid-based fuel data (for example
Landfire) for projects where tree-list type data are not available.
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An Analytical Framework for Quantifying
Wildland Fire Risk and Fuel Treatment Benefit

Joe H. Scott!

Abstract— Federal wildland fire management programs have readily embraced the
practice of fuel treatment. Wildland fire risk is quantified as expected annual loss
($ yr="or $ yr="ac™). Fire risk at a point on the landscape is a function of the prob-
ability of burning at that point, the relative frequency of fire behaviors expected if the
point does burn, and the response of various resources to those expected fire behaviors
(net value change). The probability of fire burning at any point on the landscape is a
function of the spatial arrangement of fuel, weather, topography, and ignition locations
surrounding the point of interest, but not characteristics of the point itself. Relative
frequency of fire behavior is a function of the local fire environment and the likelihood
of burning at various portions of an assumed elliptical fire. Fire loss is assumed to be
a function of fire behavior characteristics. Fire behavior can be measured by the Fire
Intensity Index (FIl), the common logarithm of fireline intensity. A risk reduction treat-
ment is an investment of capital today for a benefit to be reaped in the future. The
benefit of a risk reduction treatment is the present value of the difference in risk with
and without treatment. Cost is the present value of current year and future treatment
expenditures. Fuel treatment benefit-cost ratio is a measure of efficiency; it is one of
many factors that inform a fire management decision.

Background

The 1995 Federal Wildland Fire Management Policy and Program Review
established that (1) life safety as the highest fire management priority, (2) wildland
fire is a natural ecosystem process, and (3) fire management decisions must be
consistent with approved land management plans. The 2001 review and update
of the 1995 Federal Wildland Fire Management Policy included as guiding
principles that (1) “sound risk management is a foundation for all fire man-
agement activities,” and (2) “fire management programs and activities are
economically viable, based upon values to be protected, costs, and land and
resource management objectives.” The document establishes the objectives
and priorities of fire management on federal land in the United States, but
does not require that the objectives be achieved in any particular way.

In the late 1990s the United States Forest Service refocused its fire man-
agement program and budget toward hazardous fuel reduction. Congress
established the Joint Fire Sciences Program in 1998 to better assess fuel
management problems and solutions. In 1999, the General Accounting Of-
fice (GAO) noted that significant barriers existed to achieving the agency’s
stated goal of mitigating wildland fire threat by 2015, and recommended
development of a cohesive wildland fire mitigation strategy (GAO 1999).
In 2000, the Secretaries of Interior and Agriculture prepared a report to
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President Clinton outlining how to (1) respond to the still-burning fires of
that year, (2) reduce the impacts of wildland fires on rural communities, and
(3) ensure sufficient firefighting resources in the future. That report recom-
mended a budget increase of $1.2 billion for the next fiscal year, including
$390 million for fuel treatment and burned area rehabilitation. Under the
heading of investing in projects to reduce fire risk, the report recommended
the “establishment of a collaborative effort to expedite and expand landscape-
level fuel treatments.”

The National Interagency Fuels Coordination Group (NIFCG) was char-
tered in 2004 with the purpose of developing and implementing “an effective,
interagency fuels management program to address risks from severe fires...”
One of the group’s enumerated objectives is to “[d]evelop strategies that safely
and effectively mitigate [wildland fire] threats to communities and resource
values...” The NIFCG’s 2005 Strategic Action Plan ranks encouragement of
landscape-level fuel treatments among its highest priorities.

In 2004, the GAO noted that “Without a risk-based approach at the
project level, the [United States Forest Service and Bureau of Land Manage-
ment] cannot make fully informed decisions about which eftects and projects
alternatives are more desirable” (GAO 2004). The report recommended the
agencies develop a better understanding of the negative effects of wildland
fire, and create a systematic framework for landscape-level risk assessment in
order to efficiently locate risk reduction activities.

Clearly, federal fire policy as first set in 1995 and updated in 2001 not
only allows but encourages a holistic, risk-based approach to wildland fire
management. Federal fire policy recognizes that wildland fire is neither good
nor bad; it simply exists, and causes both losses and benefits at different places
and times. Federal fire policy suggests that the cost of our response to the
existence of wildland fire (prevention, suppression, fuel treatment, ezc.) should
be in balance with the benefits and losses that it confers. Despite the lack
of a systematic framework for assessing wildland fire risk, fuel treatment has
emerged as a significant risk management tool of the new millennium. Even
so, no scientifically defensible metric has yet emerged to guide managers in
deciding where, when, and how such treatments should be implemented, much
less to confirm whether they are even cost-effective to implement.

This paper presents a framework for quantifying wildland fire risk and
the benefit of risk reduction activities, including fuel treatment. The analysis
framework suggests alternative strategies for mitigating wildland fire loss, as
well as a means of comparing the relative efficiency of the alternatives.

Introduction

A fuel treatment is an intentional modification of fuelbed characteristics
(load, bulk density, horizontal and vertical continuity, fuel particle size class
distribution, etc.) for the purpose of mitigating negative fire effects (fire loss),
either directly by making fire characteristics more benign, or indirectly by
reducing the probability of fire burning a particular area. Negative fire effects
include (1) socio-cultural losses, and (2) uncharacteristically severe wildfire.
Socio-cultural losses—damage to or destruction of buildings, utility lines,
recreation facilities, watersheds, commercial timber, ezc.—can occur wherever
those values are exposed to wildland fire. In fact, protection of socio-cultural
values from fire is the primary reason for suppressing fire in the first place.
Thus, to the extent that fuel treatment is undertaken to reduce the ultimate
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size of a future fire, fire suppression and fuel treatment are two sides of the
same coin; the main difference between them is where and when the activi-
ties are undertaken.

Modern fire suppression is highly successful at containing incipient fires. As
noted in a 2004 panel report to the Wildland Fire Leadership Council, from
1980 through 2002, almost 99 percent of wildland fires were contained to 300
acres or less; cost to suppress the remaining 1.4 percent of fires accounted for
94 percent of the total suppression expenditures. The fires that escape initial
attack and burn more than 300 acres are not determined randomly; they are
“selected” because their behavior (spread rate, intensity, fuel consumption)
exceeds our ability to contain them. In other words, they burn in extreme fire
environments that often result in uncharacteristic severity. By eliminating the
most benign 99 percent of fire starts from the landscape, fire suppression has
resulted in much longer fire return intervals—and higher fire severity when
a fire does occur—compared to the historic fire regime. This unintended
change in fire-regime is most pronounced in high-frequency, low-severity
historic fire regimes (Heinselman 1981), but is also present in longer-interval
fire regimes. To paraphrase Shakespeare, we have suppressed fire not wisely
but too well. Thus, fire suppression was a solution to one problem (socio-
cultural fire loss) that created another (too much uncharacteristically severe
fire, too little low-severity fire).

Landscape-scale application of fuel treatments may reduce the incidence of
uncharacteristic fires. However, in areas where fire was frequent but not severe,
restoring the historic fire regime will also require dramatically increasing the
incidence of low-severity fires. Increasing the prevalence of low-severity fires—
through fire use, prescribed fire and fire surrogates—over time should result in
areduction of uncharacteristic fires. Treating fuel to reduce uncharacteristically
severe fire, however, does nothing to increase the desirable fires.

The change in value associated with suppression-caused fire regime change
is difficult to quantity (Finney 2005). Socio-cultural fire losses, on the other
hand, are amenable to quantitative analysis. Therefore, this framework is
focused on socio-cultural resources at risk; a different framework must be
used to support fuel treatment decisions regarding restoration of historic
fire regimes.

Minimizing cost plus net-value-change (C+NVC) is an accepted objective
for optimizing fire program level (Althaus and Mills 1982, Mills and Brat-
ten 1982, Mills and Bratten 1988). In this paper, the C+NVC optimization
concept is adapted to project-level analysis of fuel treatment options. A fuel
treatment is an investment of capital zoday for benefits—reduction in expected
annual NVC—to be received in the future. Therefore, investment analysis
tools such as benefit-cost (BC) ratio should be useful for comparing fuel
treatment options.

Quantitative Wildland Fire Risk Assessment

Quantitative wildland fire risk is defined as expected annual NVC (Bachman
and Algower 2000, Finney 2005, Finney and Cohen 2003) for any spatially
explicit land area (plot, pixel, stand, parcel, watershed, ezc.). Expected annual
NVC is the sum-product of NVC; (cost plus net-value-change should fire
occur at the ! fire behavior) and p(F;) (the annual probability of observing
the 4t fire behavior). If NVC; is expressed on a per-acre basis (¢4., $ ac™!),
then annual risk density ($ ac™! yr71) is
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il [1]
E(NVC)=Y p(F,)*NVC,
i=1

The annual probability of observing fire of any behavior at a particular loca-
tion is the sum of probabilities over all fire behaviors. Geographic extent for
equation [1] is not explicitly specified; it refers to any homogeneous land unit
(pixel, plot, or stand). Risk density is the appropriate quantitative metric for
mapping wildland fire risk, especially where mapping units may be of vary-
ing sizes. Risk accumulates to larger geographic or political reporting units
(e., stands, watersheds, or political units like counties or states) composed
of many land units. Landscape-level wildland fire risk ($ yr~!) is the sum of
risks of the M land units that comprise the landscape.

M
E(NVC)landscape = ZE(NVC)k >I<Ak [2]
k=1
where

Ay, = the area of land unit %
E(NVC), = E(NVC) for land unit % (eqn. [1])

Assessing the effects of a spatial fuel treatment array (Finney 2001) re-
quires calculating risk at this larger landscape scale to fully account for their
potential landscape-level effects.

A wildland fire risk assessment consists of two separate parts: p(F;) and
NVC,;. Conceptually, p(F;) is a function of p(F), the overall probability of
fire burning under any behavior, and p(F;)/p(F), the relative frequency of
different fire behaviors given that a fire does occur

p(ffi):p(F)*[M) 31

p(F)

Mitigating risk entails moditying p(F) , p(F;)/p(F) or NVC,.

Probability of Burning — p(F)

The probability of fire burning any particular point on the landscape is a
function of ignition locations and fire travel from the ignitions to the point
of interest. The factors affecting whether fire can reach a given point on the
landscape from a given ignition point include: spatial and temporal arrange-
ment of fuel, weather and topography across the landscape, and the level of
perimeter containment (suppression) attempted. The probability of burning
is inversely proportional to the general level of suppression effort. The fire
environment at any point of interest has no bearing on whether a fire might
reach that point—that is determined by the up-fire environment—but does
aftect how the fire would behave if it does reach it.

Two approaches are possible for estimating p (F)—simulation modeling and
fire data. Simulation modeling, like that implemented in FlamMap (Finney
and others 20006) uses a fire spread model in conjunction with spatial and
temporal fire environment information and an assumed or measured pattern
of ignition locations to estimate the probability of fire burning each landscape
element, assuming no suppression action is taken. This approach provides
spatially resolved estimates of p(F), as a function of spatial arrangement of
the surrounding fire environment and distribution of ignition locations.
However, without some kind of verification, the accuracy of the method is
unknown.
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The fire data approach relies on records of past fires to indicate the prob-
ability of burning of future fires. The annual probability of burning for a

landscape is estimated as the average annual landscape fraction burned
X

2.(B,/A) [4]
p(F)= ZT

where
B, is the area burned in year ¢
A is the analysis area, and
x is the length of the time period

There are many limitations when using this method to predict future burn
probability: fire climate, suppression effort, ignition density, and fire regime
are all assumed to be constant. The fire-data estimate is not spatially resolved;
it applies to the whole landscape regardless of spatial pattern of fuel, weather,
topography and ignitions. Increased precision may be obtained with this
method by replacing the geography-based landscape with a fire environment
classification within which the fire environment and ignition pattern are more
homogeneous. For example, applying equation [4] for individual vegetation
types will produce an estimate of p(F) for that vegetation type, regardless of
geographic location. Although this method may be more accurate because it
is based on observation, its poor spatial resolution limits its use for assessing
the effects of landscape-level fuel treatments.

The advantages and disadvantages of the simulation and fire data ap-
proaches suggest that a hybrid method combining the spatial resolution of
the simulation method with the accuracy of the fire data method would be
worth pursuing. For example, one could apply the simulation method heu-
ristically, adjusting simulation parameters as necessary until the weighted
average landscape level p(F) from the simulation method equals that of the
fire data method. More research and development of methods of estimating
p(F) is obviously necessary.

Relative Frequency of Fire Behaviors — p(F;)/p(F)

The relative frequency distribution of fire behaviors at a particular point,
given that the point does burn, is the final piece of information needed to
estimate p(F;) using equation [3]. Relative frequency distribution of fire
behavior at a point is a function of the fuel and topography at the point, the
weather at the time it burns, and the direction of spread (with respect to the
heading direction) as fire passes the point. Fuel and topographic character-
istics can be known and mapped without consideration for any particular
fire. The weather history for a location can be analyzed to identify live and
dead fuel moisture contents when burning is most likely (that is, during the
extreme conditions during which two percent of all fires escape initial attack
and go on to burn most acres). Because most acres are burned under very
dry conditions (98" percentile ERC), it is reasonable to simplify the analysis
by focusing on very dry conditions.

Head fire behavior predicted for very dry conditions is then predicted over
a range of open wind speeds (fig. 1a). Fireline intensity, the product of fuel
consumption and flame front spread rate (Byram 1959), seems a logical choice
for measuring fire behavior as it ... contains about as much information about
a fire’s behavior as can be crammed into one number” (Van Wagner 1977).
Alexander (1982) provides an excellent discussion of the calculation and in-
terpretation of Byram’s fire intensity. The Fire Intensity Index (FII; Scott in
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Figure 1—Two components for estimating p(Fi): (a), Fire Intensity Index (FIl) over a range of open
wind speeds for the very dry moisture conditions during which most acres are burned, and (b) the
relative frequency of observing those wind speeds. Fll is the common logarithm of fireline intensity
expressed in kW/m.

preparation) is the common logarithm of fireline intensity (kW/m). Like the
Richter Scale for earthquakes, a unit change on the FII scale corresponds to
an order of magnitude change in fire intensity (table 1). Slow-spreading fires
burning in very light fuels may exhibit FII < 1; fast-spreading active crown
fires through heavy forest fuels may exhibit FII > 5. The effect of wind speed
on FII is analyzed separately from fuel moisture because it is not necessarily
correlated with fuel moisture. For determining how often the FII predicted
in fig. 1la would be observed, a distribution of open wind speeds must be
obtained from the weather record (fig. 1b).

Table 1—The behavior characteristics of a wildland fire can be measured using the Fire Intensity Index
(FII; Scott in preparation). Fll is the common logarithm of fireline intensity (FLI; kW/m). Slow-spreading
surface fires in very light fuels exhibit Fll < 1; fast-spreading crown fires in heavy forest fuels may exhibit
Fll approaching 5. Fll is classified into six classes (I — VI); each class represents a 10-fold increase in
fireline intensity. The range of flame length (FL) as predicted by Byram’s (1959) and Thomas’ (1963)
models is shown for each Fll class.

FL range, m FL range, m
Category Fll FLI range, kW/m (Byram’s FL model) (Thomas’ FL model)
| Fll <1 FLI <10 <0.22 FL <0.12
Il 1<Fll<2 10 < FLI <100 0.23-0.64 0.13-0.58
1] 2<Fll<3 100 < FLI <1000 0.65-1.86 0.59-2.72
\% 3<Fll<4 1000 <FLI <10 000 1.87 - 5.36 273-12.7
\Y 4<Fll<5 100 000 =< FLI <100 000 5.37 — 15.46 12.8 - 59.42
v Fll 25 FLI =100 000 > 15.47 25943
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The final factor affecting the distribution of FII at a point is the effect of
spread direction (relative to the head fire) as fire passes the point. By assum-
ing fire spreads as a simple ellipse (Van Wagner 1969), we can predict the
area burned in different FII classes through different areas of a fire (fig. 2).
Probability of burning in each FII class is proportional to the relative area
burned in those classes.

Using the above factors, a relative frequency distribution of FII for any given
fire environment can be constructed (fig. 3). The product of that frequency
distribution and probability of burning is p(F;) (fig. 4a).

Figure 2—Distribution of FIl class
as a function of location within an
elliptical fire. At moderate wind
speed, the head of the fire falls in FII
class IV, which extends around to the
flank. Backing and flanking intensity
fall in class Ill. At high wind speeds,
the head of the fire falls in FII class
V, the flanks are in class IV, and the
extreme rear of the fire is in Fll class
I1l. The probability of burning in an
FII class is assumed proportional to
the ratio of area in that class to total

fire area.
11 "
moderate high
wind wind
L speed
0.5
11
0.4 1
o)
o - INY% Figure 3 —Relative frequency of Fire
& 7] Intensity Index (the common logarithm
2 of fireline intensity) given that a fire
L 55l [ does occur at a given point. The sum of
= probabilities of observing individual FlI
o classes is one. Relative frequency of Fll is
0.1 - a function of the local fire environment
Vv atthe time of the fire and the distribution
[ VI of fire intensity at different parts of
00 an assumed elliptical fire. FIl class is
0 1 2 3 4 5 8 indicated in Roman numerals.

Fire Intensity Index
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Figure 4 —A “Risktogram”—a graphical display of the elements of a quantitative fire risk
analysis. Chart (a) displays the frequency distribution of the Fire Intensity Index (FII)
ata point. The sum of probabilities in individual Fll classes is the annual probability of
burning. Chart (b) displays the predicted net change of different values to fire of the
various Fll classes. Chart (c) displays the resulting wildland fire risk. The sum of E(NVC)
over all Fll classes is wildland fire risk.

Net Value Change — NVC;

Conceptually, net value change due to fire is a function of initial value
and susceptibility. For example, consider two buildings of equal initial value
surrounded by flammable wildland fuel, one with a flammable roof covering
and the other with a non-flammable covering. The building with a non-flam-
mable roof covering is less susceptible to fire damage—it is more resistant to
loss should it experience a fire—and therefore has a lower NVC;. Conversely,
for two buildings of equal susceptibility, NVC,; is proportional to their total
value.

Net value change is the post-fire minus pre-fire value of a given place on the
landscape (expressed as present value). Net change in land value due to fire
is assumed to be a function of fire behavior, and includes both positive and
negative effects of fire. NVC;is quantified by summing over the many differ-
ent market and non-market values or resources present at a given place.
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n
NVC; = NVC; [5]
j=1

The mix of values and resources that can be affected by fire at any given
point depends on ownership and management emphasis. The values can in-
clude market values (timber, water, forage, commercial mushroom production,
etc.), human developments (buildings and infrastructure), and non-market
values (recreation, fisheries, clean air, wildlife habitat, ecosystem function,
etc.). Net value change must include the potential benefits of fire. One often
overlooked benefit of an otherwise destructive wildfire is the reduction of
future loss it confers [by reducing p(F) or p(F;)/p(F)].

Positive NVC;indicates that expected benefits of fire exceed losses, such as
might occur in uninhabited areas; negative NVC; indicates a net loss should
fire occur (fig. 4b). Estimating NVC; across a landscape is a difficult yet criti-
cal task that would support fire management decisions regarding both fuel
treatment and fire suppression. Detailed spatial information on NVC; could
prove to be even more useful to managers of wildfires or fire-use incidents
than predictions of fire growth or potential fire behavior. Due to the large
areas to be mapped and the wide array of market and non-market values
that are affected by fire, it may be necessary to create a stylized set of “value
models” for estimating fire loss as a function of FII. Further research into
how different values are affected by fire and development operation tools for
implementing that research is clearly needed.

Suppression cost is not included in a quantitative risk analysis; it is part of
a larger analysis of fire program level. However, suppression efforts influence
the burn probabilities as described above.

Wildland Fire Risk — E(INVC)

Equations [1], [3], and [5] form the foundation of quantitative wildland
fire risk analysis. Wildland fire risk is the product of three elements: fire prob-
ability, fire behavior, and fire effect (fig. 5). Fire probability is the whether
component and is estimated through fire simulation or using fire data records.
Fire behavior is the #ow component, and is estimated by relative frequency
distribution of FII. Fire effect is the so what component, and is estimated
by predicting the positive and negative effects of fire on various values as a
function of FII (NVC;).

Figure 5— Quantitative wildland fire risk is a function

of fire probability, fire behavior characteristics

p(Ff) (given that a fire does occur), and fire effects (for

F - given levels of fire behavior). Fire probability at
p( ) D(F) any discrete point on the landscape is a function
of the upfire environment (spatial pattern of fuels,
weather, topography and ignitions in the area from
which fire can be expected to arrive at the point)
and suppression actions. Fire behavior is a function
of the local fire environment at the time of the fire
and the distribution of fire intensity around the
perimeter of an assumed elliptical fire. Fire effects
CNVC! are the costs and value changes as a function of fire

wildland
fire risk

behavior.
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Approaches to Risk Reduction

The framework suggests several theoretical approaches to risk reduction.
Wildland fire risk is a function of three main factors: p(F), p(F;)/p(F) and
NVC,;. Reducing any of those components reduces risk. Risk reduction ac-
tivities fall under two broad categories—fuel treatment and value treatment.
A fuel treatment modifies fuel characteristics with the intention of affecting
p(F;). A value treatment modifies characteristics of a value or resource with
the intention of reducing NVC,.

Fuel treatment—Fuel treatments are implemented in discrete geographic
units that are generally small in comparison to the large fires whose effects
they are intended to mitigate. There are two primary fuel treatment effects
on risk reduction —within-unit, and among-units. Because a treatment unit
is small, changing its fuel characteristics does not change its probability of
burning; that is determined by the “upfire” fire environment (Finney 2005).
Within-unit effects are limited to changing the relative frequency of FII.
Within a unit, surface and canopy fuel characteristics are directly modified by
a treatment. Dead fuel moisture content and midflame wind speed are indi-
rectly affected by many fuel treatments, usually adversely. The topography and
weather elements of the fire environment are not affected by treatment.

Because the probability of burning in discrete treatment unit is determined
by the spatial and temporal arrangement of the up-fire environment, only
a coordinated array of fuel treatments can potentially reduce the overall
probability of burning. The reduction in p(F) is not expected to be constant
throughout the fuel treatment array. At the extreme up-fire edge of an array,
probability of burning is dominated by the unmodified up-fire environment,
and p(F) is not reduced. At the down-fire edge of the array, reduction in
p(F) reaches a maximum because the greatest disruption of fire growth can
occur. The maximum theoretical reduction in p(F) (as indexed by the pre-
and post-treatment fire growth rates), occurs only if the treatment array is
as large as the largest fires expected to occur. Otherwise, a fire could grow
unmitigated in the untreated area up-fire of the array before encountering
the array; the fire’s growth could have been further disrupted if treatments
were located in that area as well.

Not only does a fuel treatment array potentially reduce p(F), both within
and between treatment units, but it can possibly shift the relative frequency
of fire behaviors toward lower classes by increasing the amount of flanking
fire compared to the predominantly heading fire that would have occurred
without the treatment array (Finney 2005). The magnitude of this effect
depends on the size of the treatment units relative to fire and the relative
spread rates between the treatment unit and the surrounding untreated area.
Simulation modeling may confirm and quantify this effect.

Because spatial fuel treatment arrays create effects that occur both within
and between treatment units, they must be analyzed at the landscape level
(eqn. [2]) rather than at the treatment unit level (eqn. [1]) to be sure that
off-treatment benefits are fully accounted for.

Value treatment—A value treatment is a risk reduction treatment that
modifies a value to reduce NVC,. Recall that NVC; is a function of initial
value and susceptibility. A value treatment must therefore reduce either
initial value or susceptibility. Reducing initial value is not within the scope
of risk reduction activities, so value treatments are limited to activities that
reduce susceptibility. (However, NVC, can be mitigated proactively by choos-
ing not to place a susceptible value in a hazardous environment in the first
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place.) Modifying the physical characteristics of a building—changing to a
more fire-resistant roof covering, adding exterior sprinklers, screening attic
vents—is one example of a value treatment. Value treatments reduce risk by
reducing damage (NVC) for any given level of fire behavior without chang-
ing exposure to that fire behavior. Instead of making modifications to a
building, the owner may instead (or in addition) choose to implement a fuel
treatment in the immediate vicinity of the building. Such a treatment, often
referred to as defensible space, affects the relative frequency of fire behaviors
at the building, but not NVC; or the overall probability of fire reaching the
building in the first place.

Analysis of Risk Reduction Treatment
Alternatives

Quantitative wildland fire risk is useful for comparing with other risks faced
by a land manager. For example, homeowners and natural resource manag-
ers may be interested in knowing how wildland fire risk compares with risk
associated with other natural hazards like flood, earthquake, hail, tornado,
and hurricane. A homeowner may be interested in comparing his wildland
fire risk with technological risks he also faces like structure fire, automobile
crashes, and terrorism.

By itself, a quantitative risk analysis is insufficient to prioritize areas for
risk reduction treatment because it does not consider the cost or benefit of
the possible risk reduction activities. High-risk areas may not respond well to
treatment (the relatively high risk may not be easily reduced). Low-risk areas
may be so inexpensive to treat that they are a cost-effective option (many
more acres can be treated). To make efficient fuel treatment decisions, we
must compare treatment benefits with their costs. The benefit-cost ratio of
a risk reduction treatment is the present value of its benefits divided by the
present value of its costs.

The nominal benefit of a risk reduction treatment is a reduction in risk—that
goes without saying—and is quantified as the difference between risk without
treatment and risk with treatment. For example, if risk without treatment is
—$50 ac™! yr! and a treatment reduces that risk to —$40 ac™! yr~!, then the
benefit of the treatment in that year is [-$40 — (—=$50)], or $10 ac™! yrL.
Unless periodic maintenance is incorporated, the amount of risk reduction
due to fuel treatment will diminish with time since treatment due to fuel
accumulation and vegetation growth. Even without treatment, risk is not
necessarily constant over time. NVC,; may change as new values are added to
the landscape, increase in value, or become more (or less) susceptible to fire;
and p(F;) may change due to fuel accumulation, vegetation growth, human
activity, climate change, or natural disturbance. The present value of fuel
treatment benefits (PVB) over some period of time is therefore

- E (NV Ct )Treatment -E (N VCt )noTreatment
PVB = 6
g’ (1+ r)t )
where
7 is the discount rate
x is the planning horizon (yr),
E(NVC) tpntmens 18 the risk in year # if the treatment is implemented, and
E(NVC,) ,.orrentmens 18 the risk in year ¢ if no treatment is undertaken.
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Choice of planning horizon and discount rate can affect present value of
benefits. Different landowners have different planning horizons—a forest
homeowner might not care about benefits further than a decade or two in the
future, while government-managed land is generally planned up to 100 years
into the future. Because treatment effectiveness diminishes over time, and
because of the time value of money, marginal fuel treatment benefit (present
value) diminishes to near zero after just a couple of decades, so little is to be
gained with longer planning horizons. Also, natural and anthropomorphic
changes in the fire environment during that time are likely to require reas-
sessment of risk.

Risk reduction expenses are comparatively straight-forward to calculate.
Expenditures for improving fire resistance or implementing a fuel treatment
can occur in any year, especially if the fuel treatment plan calls for a spatial
array of treatments installed over time. Also, maintenance of the fuel treat-
ment may be prescribed for future years or even annually. Therefore, present
value of risk reduction treatment cost is

X
=1 (1 + 7‘)

Expenditures associated with fuel treatment activities are routinely docu-
mented and modeled. For treatments that generate revenue (for example,
commercial thinning), cost is net cost after accounting for revenue. If a
treatment generates more revenue than the treatment costs to implement,
then BC ratio analysis is no longer an appropriate analysis tool—there’s no
economic downside. Such treatments can be ranked by present net value rather
than BC ratio. Treatment costs depend on many factors, including the type
and intensity of treatment, location on the landscape, size and shape of the
treatment unit, access to treatment area, distance to forest products markets,
and regulatory analysis requirements.

As an investment of capital today for benefit tomorrow, potential fuel
treatments should be analyzed in a manner similar to any other forestry
investment. When choosing among possible projects for which capital is the
only limiting resource, the economically optimal solution is to implement
the projects with the highest BC ratios until the available capital is expended
(Gilles and BuonGiornio????). In reality, many resources may be limiting,
and operational or political constraints may not allow the optimal economic
solution. The BC ratio is just one of many factors that inform a fire manage-
ment decision. Investments with BC ratios less than one cannot be justified
based on quantitative analysis of benefits and costs alone; other benefits not
included in the analysis must presumably be present to offset the otherwise
negative return. BC ratio less than one implies that available capital is better
invested at the specified discount rate and proceeds used to fund any losses
when a fire does occur.

[7]

Prioritizing Risk Reduction Treatments

In the absence of an analytical framework for estimating the efficiency of
alternative fuel treatments, such as that presented here, fuel treatment plan-
ners must resort to experience and instinct in selecting the type and location
of individual fuel treatments. Their selection criteria include potential fire
behavior reduction, the general location and value of resources-at-risk and
variables related to treatment cost (access, ability to meet NEPA analysis re-
quirements, etc.). Treatment locations selected through such a process have
been termed “easy acres” because they were often the easiest areas to treat.
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Such treatments are placed individually without regard for an overall spatial
pattern that may reduce p(F). Their locations have been considered random for
comparison against a theoretically optimal spatial pattern designed to reduce
large fire growth (Finney 2001). While their locations on the landscape may
be random in terms of spatial pattern (and therefore sub-optimal in terms
of reducing p(F)), they are anything but random in terms of treatment cost.
In fact, the factors used to select the “easy acres” also result in relatively low
treatment cost. Treatment units that are truly random would be quite costly
to implement, because factors that affect treatment cost are not considered;
randomly located treatments could require costly road construction, fireline
building, and NEPA analysis. Fuel treatments located based on a theoretically
optimal spatial pattern can be considered random with respect to treatment
cost. The BC analysis framework outlined here can shed light on the relative
cost efficiency of each strategy.

This analysis framework suggests a new risk reduction treatment strategy—
optimizing landscape-level risk by selecting a spatial and temporal risk
reduction treatment regime that maximizes the BC ratio.

Discussion

Following significant wildland-urban interface fires in 1923 and 1991, it is
well established that the fuels, fire weather and fire-susceptible values in the
Oakland-Berkeley Hills of Northern California present a significant wildland
fire risk to area homeowners. That same area is also exposed to potentially
devastating earthquakes on several faults in the area. According to a recent
USGS study, there is a 27% chance of a Richter magnitude 6.7 or larger
earthquake occurring in the immediate vicinity of the Oakland-Berkeley
Hills between 2003 and 2032 (Hyndman and Hyndman 2005), an annual
probability of 0.009 (nearly one in one-hundred). Given the proximity of the
probable fault rupture and magnitude of the potential earthquake, significant
damage to or total destruction of homes and utilities is likely. Assuming an
carthquake loss of just $250,000 per home, the resulting annual earthquake
risk is $2250 per home.

Clearly, eliminating risk of any natural hazard is well beyond the capabil-
ity of both individuals and governments. In the face of limited mitigation
resources, a strategy for optimally managing risk is required. It is tempting
to simply compare the quantitative levels of risk from all natural and tech-
nological hazards and allocate mitigation resources to the hazard posing
the highest risk, or to each hazard in proportion to its relative contribution
to total risk over all hazards. Neither strategy is efficient, however, because
they do not consider the cost of mitigation efforts in relation to the benefit.
The economically optimal solution would be to allocate resources to efforts
with the highest return on investment (that is, the highest BC ratios) until
all resources have been used up, regardless of the absolute or relative level of
risk. The economically optimal solution may not be feasible for technologi-
cal or political reasons, so calculation of risk reduction treatment BC ratio
must simply be part of a larger decision support framework that accounts for
constraints other than available capital.

This analysis framework estimates treatment costs and benefits without
considering to whom those benefits and costs accrue. Costs may be borne
by one party while benefits are reaped by another. For example, federal or
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state governments may implement a fuel treatment on public land that ben-
efits nearby private ownerships, or a government agency may subsidize fuel
treatment on private land. Potential fire losses may also be transferred among
parties. Insurance is a risk management tool used to deal with risks that include
potential for catastrophic loss. In exchange for a periodic premium, an insur-
ance company agrees to repair or replace insured values if a loss should occur.
The insurance premium is composed of the insurance 7ate and the insured
value. Insurance rate is a function of the hazardousness of the environment
in which the value resides (the physical situation). Insured value represents
NVC. In other words, an insurance premium is a function of quantitative risk;
the higher the hazard or NVC, the higher the premium. This is a potentially
helpful concept because insurance rates and premiums can be used as surro-
gates for hazard and risk. The majority of wildland homes are covered by an
insurance policy that includes coverage for fire loss (no distinction is made
between wildland fire loss and fire loss due to other causes). In other words,
some of the fire risk a homeowner faces has been transferred to an insurance
company. In such cases, benefits of risk reduction treatment are received by
the insurance company rather than the homeowner. The analysis here makes
no consideration for disconnected costs and benefits.

The exclusion of fire suppression costs from this analysis of fuel treatment
may seem unjustified. Fire suppression and fuel treatment are similar en-
deavors—fire suppression is just-in-time fuel treatment; fuel treatment is fire
suppression without prior knowledge of where or when a fire will escape initial
attack. Both activities are intended to mitigate fire loss. In a risk analysis we
wish to account for the NVC incurred if an area burns, whereas suppression
is an attempt to prevent areas from burning. Therefore, suppression costs
should be assigned to the acres that did »ot burn rather than to the areas
that did. In this analysis framework, suppression is assumed constant at some
level. The effects of fuel treatment are simulated as (1) a shift toward more
benign fire behavior (lower FII) within treated areas, and (2) a reduction in
fire size and therefore p(F) in fuel treatment arrays. A holistic fire management
approach would seck the optimal mix of fuel treatment and fire suppression
that minimizes their combined cost plus NVC.

When a fire near homes escapes initial attack, it is common to witness last-
minute fuel treatments around the homes (defensible space) or preparation
of the home itself to resist fire damage (a value treatment). Fire suppression
organizations discourage homeowners from relying on these just-in-time
mitigation efforts. Instead, homeowners are urged to create defensible space
and make their homes resistant to ignition well in advance of a fire start.
However, the just-in-time mitigation behavior may actually be quite rational
from a purely economic standpoint. Without a nearby ignition, p(F) at a home
is quite small, perhaps as low as 1 in 1000 per year, resulting in relatively low
risk and corresponding low benefit of defensible space and value treatments;
their costs may far exceed potential benefit. Once a fire has ignited nearby,
however, p(F) increases drastically, thereby increasing risk, and therefore
treatment benefit, by as much as two orders of magnitude. Suddenly, the
treatment benefits may exceed treatment costs by a wide margin. Of course,
there may not be time or resources available to treat fuels and homes imme-
diately before a fire, and homes will be destroyed. Unfortunately, that does
not make treating the home when no fire is present a better investment.

Just-in-time fuel treatment behavior is not restricted to private landowners.
Government property is frequently managed in the same manner. The
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headquarters area of Glacier National Park, in West Glacier, Montana, which
includes office, industrial and residential buildings, is located in a fire-prone
landscape with a recent history of large fires in the region. Despite the obvious
need, defensible space was not maintained throughout the headquarters area.
Only when the 2003 Robert fire threatened to burn through West Glacier
did activities to create defensible space commence. One reason often cited
for this type of behavior is the availability of suppression resources assigned
to the fire. Because those suppression resources are not funded by the local
unit. Since treatment cost to the local unit decreases to zero, they have even
more incentive than a homeowner to engage in just-in-time mitigation. Ag-
gressive suppression actions prevented the Robert fire from reaching West
Glacier. Interestingly, after experiencing a rapid rise in p(F) when the Robert
fire started nearby, p(F) in future years should be expected to fall below pre-
Robert levels because the fire acts as a large fuel modification directly upfire
from West Glacier. The corresponding reduction of risk is an example of an
unexpected benefit of an unplanned, unwanted wildland fire.

The analytical framework presented here considers only values for which
benefits and losses can be quantified. Non-market values are not easily
quantified and therefore difficult to bring into such an analysis. Two pos-
sible solutions to this problem are (1) attempt to quantify non-market values
through techniques such as contingent valuation, or (2) implement the
framework with the full understanding that it does not account for all values,
and should be used as one piece of information among many to support a
fuel treatment decision.

Conclusion

Managing wildland fire risk is an important function of any fire manage-
ment program. Fire risk exists wherever human values are located in areas
where wildland fire can occur. Wildland fire risk is a function of probability
burning, potential fire behavior, and fire etfects on human values. Fire risk
is mitigated by affecting one or more of those factors. The benefit of a risk
reduction treatment is the present value of risk reduction. The cost-efficiency
of a risk reduction activity can be measured by its benefit-cost ratio.
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Strategic Placement of Treatments (SPOTS):
Maximizing the Effectiveness of Fuel and
Vegetation Treatments on Problem Fire
Behavior and Effects

Diane M. Gercke! and Susan A. Stewart?

Abstract—In 2005, eight U.S. Forest Service and Bureau of Land Management inter-
disciplinary teams participated in a test of strategic placement of treatments (SPOTS)
techniques to maximize the effectiveness of fuel treatments in reducing problem fire
behavior, adverse fire effects, and suppression costs. This interagency approach to
standardizing the assessment of risks and proposing strategically placed treatments
to mitigate that risk uses an iterative, collaborative strategic approach to proposing
landscape scale treatment patterns. The pilot teams used FARSITE and FlamMap, spa-
tially explicit fire behavior prediction models, to evaluate the effectiveness of proposed
treatments on fire behavior and effects at scales appropriate to address the expected
problem fire event. A primary objective was to develop a consistent, systematic ap-
proach that integrates multiple land and resource management objectives when
addressing and evaluating fuels risks. This paper discusses the accomplishments and
challenges the pilot project teams faced as they tested strategic placement of treatments
methods in different landscapes, vegetation, fire regimes, and ownerships.

Introduction

In 2005, the USES in partnership with the Bureau of Land Manage-
ment (BLM) tested the strategic placement of treatments concept using
sophisticated spatial analysis tools in eight pilot areas across the country.
This process is not just designed for fire and fuels planning, but as a holistic
land management process. While problem fire is the filter through which
potential treatment patterns are tested, the objectives for many of the treat-
ments planned are related to timber management, silviculture, forest health,
wildlife, and watershed issues, as well as protection of assets from unwanted
wildland fire. The national objectives for the SPOTS pilots were to develop
a consistent, interagency, systematic approach to evaluating and mitigating
risks, test a variety of data sets, models and tools, and to identify barriers or
restrictions to meaningful progress.

The SPOTS concept contributes to overall understanding of spatial dynam-
ics of fuel and related fire behavior through use of a collaborative planning
process and fire modeling tools that describe fire potential on a specific land-
scape. The placement of fuels treatments has shown promise in reducing the
undesired effects of large fires and acres burned and in the modeling envi-
ronment. (Finney 2005; Bahro 2006 in press; Stratton 2004 ). The Fireshed
team in California has successfully implemented this concept since 2003. The
California Fireshed team conducts integrated workshops to develop long-term
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strategic objectives and proposed treatment patterns as the basis for program
of work planning required for United States Forest Service (USES) compli-
ance with the National Environmental Policy Act (NEPA).

The SPOTS process broadens fuels projects planning opportunities. Since
fires do not stop at ownership boundaries, neither should our planning process.
Planning should happen not only at the project level, but also the interagency
broad scale fire planning level, where budgets are allocated. Integrating other
resources upfront with fireshed-scale planning happening ahead of the NEPA
process’ “purpose and need” phase would reduce pressures on land managers
and allow for a balanced, clear process.

These strategically placed fuels treatments are not intended to exclude fire
from the landscape, but to change the character and ultimate effects of an
unplanned fire. Treatments on a fraction of the landscape may or may not be
sufficient to restore ecosystems, but may effectively disrupt or reduce large
wildfire growth as well as being a step right direction toward the long-term
goal of restoration of desired conditions at the large scale. Restoration is
rarely fully realized in the first entry and may be achieved through multiple
entries over many years. The initial strategic entry, if successful can reduce
the probability of a large, uncharacteristically severe fire, and can serve to
buy more time for mangers to continue working toward the long-term res-
toration goal.

Methods

A steering committee with members from USFS management and research
and the Department of Interior was established to guide the pilot efforts,
evaluate the proposals and participate in selection, interact with ongoing
pilots, and ultimately develop a performance measure for 2006,/2007. Eight
pilot teams were selected. The projects represent a range of geographic areas,
vegetative types, potential fire problems, data sources, and ownership mixes
(Figure 1, Table 1).

The SPOTS pilot teams were required to attend training with the California
Fireshed team and report on their lessons learned and current status. Each
team was asked to define their specific problem fire scenario in an analysis
area larger than the expected problem fire, prepare their data for integrated
spatial analysis, and hold a workshop in which they designed potential treat-
ment patterns in an iterative manner. The workshop was expected to feature
testing the treatment scenarios with FARSITE or FlamMap fire behavior and
spread models (Finney 1998; Finney et al. 2004) and other spatial analysis
tools to test effects on other resource objectives. An expected outcome of
the workshops was a transparent spatial, tabular, or graphic display of the
trade-offs made in the proposed action.

Results

Pilot project teams reported the results of their efforts in October of 2005
(Table 2). All eight teams were able to describe the problem fire scenario,
including probable weather, fire behavior, and undesired effects. Seven out of
eight project teams calibrated the FARSITE landscape by validating outputs
against known fire behavior or a recorded fire event. Seven of eight teams
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2005 SPOTS Pilot Locations +

Figure 1—Location of the final 8 pilot projects selected across the country.

Table 1—Participating pilot projects are identified by project name, management unit, location, and a brief

study area description.

USFS region Project name Unit State Study area size and vegetation
1 Butte North Beaverhead- MT 45,000 acres mixed lodgepole pine
Deerlodge NF forest
2 Yankee Hill Arapahoe CcoO 35,600 acres high elevation Rocky
Roosevelt NF Mountain mixed conifer and lodgepole
3 La Jara Carson NF NM 6,000 acres within the 42,000 acres
Taos Canyon, fuels range from low
pinyon/juniper to ponderosa to high
elevation conifer
4 Upper Wasatch- uT 90,000 acres, 7-12,000 ft elevation;
Provo Cache NF aspen, lodgepole, spruce-fir, mixed
conifer, and mountain-shrub/oakbrush
5 Alder Mendocino NF CA 31,000 acres; Sierra conifer and
Springs chaparal
5 Sagehen Tahoe NF CA 8,000 acres; mixed conifer, red fir,
eastside pine, and pine plantation
6 Cascade Deschutes NF OR 150,000 acres. BLM and FS. Five
Front and Buttes/LaPine interface Pondo/mixed
Prineville BLM conifer, lodgepole
8 ION/Wando Francis SC 1,030 acres: Longleaf pine, loblolly
Marion NF regeneration, pocosin, hurricane

blowdown
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identified an analysis area of appropriate size, sufficiently large to contain
the expected fire event. Five of the eight pilot projects completed some sort
of collaborative workshop or public meeting. Of the five teams that had a
workshop, only two teams used FARSITE in an iterative way at the workshop
so the participants could test various treatment patterns. Two additional
teams used FARSITE outside of the workshop environment, modeling and
displaying results from ideas provided by workshop attendees at a later date.
One team simply used FARSITE to test their existing program against the
no action alternative, but chose not to evaluate alternative treatment patterns.
Five teams created an estimate of how proposed treatments changed the fire
size or behavior using screenshots, graphs, or tables. A single team shared
maps of different ultimate fire sizes in different treatment scenarios.

Pilot teams used several models, but did not even begin to explore the
dozens of tools available. FARSITE and FlamMap fire behavior and spread
models were the common tools used to evaluate treatment patterns. Though
FARSITE has been taught for a decade, it has been used primarily for incident
support and has yet to be embraced by the planning community. The projects
universally recognized the utility of the FARSITE model for fuels planning
purposes. These fire modeling programs should become the centerpiece of
a suite of interconnecting software programs that are designed to evaluate
treatment patterns.

Four overall national objectives were identified at the start of the 2005
Pilot Projects. The following is a summation of results concerning those
national objectives:

1. Develop a consistent, systematic approach for evaluating and address-
ing landscape-level risks in an integrated and collaborative way.
This objective was fully met. The seven-step framework outlined in the discus-
sion section of this paper was developed as a direct result of lessons learned
from the national SPOTS pilots.

2. Test a variety of available data sets, models, and tools in partnership
with researchers to determine applicability of some of the many
tools available.

A total of eleven tools and data sets were tested by the various pilot projects.
Two teams tested prototype LANDFIRE data.

3. Identify barriers or restrictions to implementing the selected pattern,
intensity or timing of fuel treatments that may be imposed by exist-
ing Land and Resource Management Plans.

The most common barriers reported by the pilot project teams were:
e Analyst skills are universally in short supply.
e The complexity and effort required to generate data layers was
extraordinary.

4. Devise an appropriate measure of success to describe accomplishments
developed and implemented using the landscape-scale effectiveness
approach.

A performance measure will not be built for SPOTS at this time. The Forest
Service will collect data in the next two years on the use of the seven step
framework and begin to document cases where strategic treatment patterns
are tested by wildland fire.
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Discussion

At the October 2005 SPOTS pilot project meeting, teams identified bar-
riers and successes concerning their efforts. Key themes in this discussion
included the time and labor-intensive nature of planning and data prepara-
tion and calibration, the lack of skilled personnel to complete the preparation
and analysis, and the overall success of the process as a communication tool.
Where pilots failed to move forward in the process, lack of line officer sup-
port was most often the cause.

The collaborative workshop is perhaps the most critical step in the process,
because the participants can actively test their ideas about treatments, and see
the results almost immediately. This is the step that allows for transparency
regarding the trade-offs for the decision maker. The best possible fire solu-
tion may not be desired because of impacts to wildlife, watersheds, or scenic
quality objectives. The best solution for timber management may not meet
the fire objectives. The workshop displays the outcomes of those choices on
expected fire behavior as well as the implications for other resources.

The most successful workshops used fire behavior models to inform and
support the process. Models increased understanding of fuels and fire spread
on the landscape, helping to define the problem and align participants towards
a common goal. Fire models run on properly calibrated landscapes were very
successful in demonstrating how well treatments worked to interrupt theo-
retical large fire spread on the landscape. Seven out of eight project teams
calibrated the FARSITE landscape by validating outputs against known fire
behavior or a recorded fire event. Model calibration gives confidence in model
output and contributes to overall participant support. The models were most
useful where live modeling was available within the workshop and multiple
treatment scenarios could be compared in an iterative manner.

The pilot teams acknowledged the need to identify problem fire behavior
within the context of the workshop. This aim establishes modeling parameters,
facilitates the discussion of treatment intensities, and helps to create “buy in”
regarding the final outputs. Many of the pilot areas identified multiple fires
of concern. Developing a shared understanding of the problem fire can be
challenging. The members must understand that the task is not to describe
everything that could happen under a variety of different conditions, but to
discuss the worst case scenario with as defined by the known local fire history
or recorded weather conditions.

A change in the planning culture emphasizing partnership and shared
decision-making was recognized as a key success by all of the pilot project
teams. Communities and collaborators appreciated inclusion in the process,
increasing perceived “buy-in” to decisions and decreasing the perceived like-
lihood of litigation. Internal cooperation was also a success in many areas,
when multiple resource disciplines were able to use the tools and collaborative
process to understand overall fire risk and achieve hazardous fuels project
planning and multiple resource benefits.

Multiple barriers to the process were identified including: perceived conflicts
between fuels treatments and the protection of threatened and endangered
species habitat, smoke issues, limited budgets for project implementation, and
the tendency for large chunks of these budgets to be spent in the planning
process. Traditionally, fuels treatments may be constrained by cost-per-acre,
with acres accomplished taking precedence over higher dollar wildland urban
interface or remote area treatments. Litigation or the potential for litigation
was also perceived as a planning constraint.
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Conclusion

A framework was developed, based on the experiences of the eight SPOTS
pilot project teams, giving general guidelines to follow when attempting to
implement fireshed-level fuels treatment planning on individual landscapes.
While strategic approaches will vary throughout the country to account for
different fuels, topography, weather, and social factors, all spatial modeling
approaches targeting undesired fire behavior should feature:

Explicitly defining an analysis area

Identifying assets and protection targets

Defining the “problem fire”

Designing treatment patterns

Testing multiple treatment patterns with a spatial fire behavior model
Clearly displaying the trade-offs

Monitoring and adaptive management

N TR 0N =

This framework is discussed in depth at www.nifc.gov/spots. The frame-
work meets the need, described by the United States General Accounting
Office (2000, 2003, 2004, 2005), to establish a consistent way to define
risk and test potential solutions. The framework can be used collaboratively
across agency boundaries and would be useful even lacking complex modeling
software or data. Critical innovations provided by this framework are tying
the size of the analysis area directly to the ‘problem fire’, the development
of a treatment pattern specifically designed to impede fire spread and sever-
ity, and the iterative testing that allows team members to have immediate
teedback on their ideas.

Challenges to the wide spread adoption of SPOTS seven step approach
remain. The lack of analyst skills is a critical need that must be filled with
training and employee development. The Fire Modeling Institute at the Fire
Sciences Lab in Missoula is beginning to supplying skilled analysts who may
be available to teams that are trying to develop a skills base locally. A great
deal of work remains to select and integrate models that would form a unified
national corporate software package. Teams using a SPOTS approach will be
the early customers of the national LANDFIRE data set. SPOTS analysis
approaches should dovetail with Fire Program Analysis (FPA) System, and
could be critical in supporting land and resource management planning.

The seven-step framework for SPOTS is an excellent way to aid in col-
laboration with a variety of partners and supports policy directives like the
National Fire Plan and Healthy Forests Initiative. Fire modeling shows that
a deliberate pattern of slower burning fuels can lead to fires that are smaller
and less intense. Fuel treatments and vegetation management efforts can
change the outcome of the problem fire consequently reducing suppression
costs. SPOTS approaches encourage a landscape-level, cohesive fuels treat-
ment strategy that may provide biomass and encourage the development of
businesses that can use our hazardous fuels to bring value added products
to market or increase our capability to generate energy.

SPOTS approaches may not be meaningtul on all lands, for all problems.
In an environment where the land management agencies currently only fund
treatments on about 1% of their lands per year, planning to treat 20% of the
entire landscape seems unrealistic. The strategic placement of fuel treatments
should be used in high profile, high priority areas to increase the likelihood of
success and secure future treatment opportunities. SPOTS treatment patterns
may allow managers time to implement long-term management strategies to

USDA Forest Service Proceedings RMRS-P-41. 2006.

Gercke and Stewart

191



Gercke and Stewart

192

Strategic Placement of Treatments (SPOTS): Maximizing the Effectiveness of Fuel and Vegetation...

restore ecosystems. The enhanced understanding of wildland fire potential
gained by participants of the SPOTS approach as well as the distribution of
treated acres with lower fire severity potential across the landscape may provide
some comfort to local decision makers considering the highly effective fuels
treatment option provided by broad-scale Wildland Fire Use.
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Abstract—Managers are faced with reducing hazardous fuel, restoring fire regimes,
and decreasing the threat of catastrophic wildfire. Often, the comprehensive, scientifi-
cally-credible data and applications needed to test alternative fuel treatments across
multi-ownership landscapes are lacking. Teams from the USDA Forest Service, De-
partment of the Interior, and The Nature Conservancy are completing the LANDFIRE
Project, which produces consistent and comprehensive spatial data describing vegeta-
tion composition and structure, wildland fuel, historical fire regimes, and ecosystem
status across the entire United States. LANDFIRE provides a scientific foundation for
assessments of wildland fuel conditions, fire hazard, and ecosystem status. While
LANDFIRE products will fill inmediate needs for testing alternative fire management
scenarios, planning fuel treatments, and allocating resources, the data and models have
much broader applications in research, biodiversity conservation, and strategic forest
and resource management planning. This paper provides a synopsis of the background,
objectives, and deliverables of the LANDFIRE Project and the management challenges
LANDFIRE products address. Presented are potential applications of LANDFIRE data
for use in fire research and vegetation ecology studies and in wildland fuel treatments
and restoration projects to protect communities at risk.

Introduction

LANDFIRE is a five-year wildland fire, ecosystem, and wildland fuel map-
ping project that generates consistent, comprehensive products describing
vegetation, fire, and fuel characteristics across the United States. Wildland
fire managers faced with requirements for reducing hazardous fuel, restoring
historical fire regimes, and decreasing threats of catastrophic wildfire are often
without adequate, scientifically credible data to support their planning and
decision-making processes. LANDFIRE was conceived to fill this need. The
main objective of LANDFIRE is to generate relevant, integrated geospatial
products that provide a scientific foundation for landscape fire management
planning, prioritization of fuel treatments, interagency collaboration, com-
munity and firefighter protection, and effective resource allocation. The
consistent and comprehensive nature of LANDFIRE methods ensures that
products are nationally relevant, while the 30-m grid resolution assures that
data can be locally applicable.
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Background

The recent United States laws and policies with respect to health and resto-
ration of wildlands share common themes. These include the recognition that
1) fire is a landscape-level biophysical process critical to the maintenance of
ecosystem function; 2) solutions to fuel and fire problems require collaboration
among stakeholders at all levels of government; and 3) eftective collaboration
requires consistent, comprehensive, up-to-date data on vegetation, wildland
fuel, and fire conditions across the entire country.

In the aftermath of the 1994 fire season — in which 34 fire fighters lost their
lives, dozens of communities were threatened, and hundreds of thousands of
hectares burned — the Secretaries of Agriculture and Interior adopted a new
federal wildland fire management policy directing federal land management
agencies to manage wildland fuel and fire on an interagency, landscape-scale
(USDA and USDI 1995). Through this policy, fire managers were directed
to develop long-term fire management plans that incorporate measures to
treat fuel and increase the utilization of biomass. Additionally, this policy
called for the implementation of fire behavior prediction to support both
strategic planning and tactical suppression and logistics decisions, with special
consideration of firefighter safety. Clearly, fire behavior and effects modeling
and information system technology play a critical role in all future wildland
fire planning and management activities.

In 2000, Congress mandated the implementation of the National Fire Plan
(USDA and USDI 2000). The National Fire Plan is a long-term commitment
to address problems associated with unsustainable wildland fuel and ecosystem
conditions that have evolved over many decades of fire suppression and land
use. The plan is based on cooperation and communication among federal
agencies, states, local governments, tribes, and interested publics. To supple-
ment the National Fire Plan, the Western Governors’ Association, working
with federal land management agencies, developed the 10-Year Comprehensive
Strategy that directs state and federal agencies to focus high priority on treat-
ments that protect communities and provide defensible space for fire fighters
(USDA and USDOI 2001). More recently, the Healthy Forests Restoration
Act (HFRA) was enacted to facilitate the reduction of wildfire risk, improve
biomass utilization, protect resources, promote the systematic gathering of
information on wildland fire, promote the early detection of insect and disease
outbreaks, and to protect, enhance, and restore ecosystems.

Managers need for continuous wildland fuel and vegetation data at suf-
ficient spatial resolution to run commonly used decision support tools (such
as BEHAVE-Plus [Andrews and others 2005], FARSITE [Finney 1998],
FlamMap [Stratton 2004 |, Nexus [Scott and Reinhardt 2001], and FFOFEM
[Reinhardt and others 1997]) led the Wildland Fire Leadership Council, a
group of senior administration executives representing all land management
agencies in the country, to charter the LANDFIRE Project (see www.landfire.
gov for additional project details).

Mapping Vegetation and Fuel

The three general production objectives of LANDFIRE are 1) mapping
existing vegetation, 2) mapping wildland fuel, and 3) mapping the departure
of current landscape conditions from those that existed historically. Maps
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describing environmental site potential and existing and historical vegeta-
tion are important intermediate LANDFIRE products for assessing wildland
fuel conditions and evaluating departure from historical conditions. Both of
these assessments are required by federal wildland fire management policy
and the HFRA. LANDFIRE describes current and historical vegetation
characteristics by mapping existing vegetation (EVT) and modeling two types
of potential vegetation: environmental site potential (ESP) and biophysical
settings (BpS).

The LANDFIRE environmental site potential (ESP) product represents
the vegetation that could be supported at a given site based on the biophysi-
cal environment in the absence of disturbance. As used in LANDFIRE, ESP
map units represent the natural plant communities that would become es-
tablished at late or climax stages of successional development in the absence
of disturbance. The ESP map is similar in concept to other approaches to
mapping potential vegetation in the western United States, including habitat
types (Daubenmire 1968; Pfister and others 1977) and plant associations
(Henderson and others 1989). It is important to note that ESP is an ab-
stract concept and represents neither current nor historical vegetation. In
LANDFIRE, ESP map units are used for site stratification in the processes
of mapping surface fuel models and canopy fuel.

The biophysical settings (BpS) product represents the vegetation that can
potentially exist at a given site based on both the biophysical environment
and an approximation of the historical disturbance regimes. It is based on
the ESP map. Unlike the ESP map, the BpS map represents natural plant
communities that would become established given uninterrupted natural
disturbance processes, such as fire. In LANDFIRE, the BpS map is used
to link the ecological process of succession to simulation landscapes in the
LANDSUM landscape fire succession model, which simulates historical fire
regimes and vegetation conditions (Keane and others 2002). Each BpS map
unit is matched with a model of vegetation succession and disturbance path-
ways, and both serve as key inputs to the LANDSUM landscape succession
model. The BpS grid is similar in concept to the potential natural vegetation
groups used in mapping and modeling efforts related to fire regime condition
class (Schmidt and others 2002; www.frcc.gov).

The third vegetation map, existing vegetation type (EVT), represents the
vegetation currently present at a given site. EVT map units are based on
NatureServe’s Ecological Systems classification (Comer and others 2003). The
map of EVT is generated using a predictive modeling approach that relates
Landsat imagery and spatially explicit biophysical gradients to field-referenced
data that have been classified to LANDFIRE vegetation map units based on
the dominant vegetation of the plot. Some field-referenced data are withheld
from the map creation process and are used to test and validate maps and
model results. To date, the LANDFIRE reference database contains approxi-
mately 146,800 field plots from the first 17 mapping zones compiled from
existing government and non-government inventory databases, including the
U.S. Forest Service’s Forest Inventory Analysis Program.

The LANDFIRE existing vegetation maps are integrated with maps of
vegetation structure to represent succession classes (termed vegetation-fuel
classes in the Interagency Fire Regime Condition Class Guidebook (Hann
and others 2004). Succession classes form the foundation of fire regime
condition class (FRCC) calculation and represent current vegetation condi-
tions with respect to the vegetation species composition, vegetation cover,
and vegetation height ranges of successional states that occur within each
biophysical setting.
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LANDFIRE is mapping both surface fuel and canopy fuel. Surface fuel
represents biomass that occurs on the ground contributing to the behavior
of fires burning on or near the surface. Because mapping wildland fuel over
large regions is very difficult using standard indirect remote sensing techniques
(Keane and others 2001), the LANDFIRE Project relies on combinations
of existing vegetation composition and structure and biophysical settings to
create wildland fuel products. The 13 fire behavior fuel models described
by Anderson (1982) and the 40 Scott and Burgan fire behavior fuel mod-
els (Scott and Burgan 2005) are mapped to facilitate the modeling of fire
behavior variables such as fire intensity, spread rate, and size using models
such as Rothermel’s mathematical model for surface fire behavior and spread
(Rothermel 1972), BEHAVE Plus (Andrews and others 2005), FARSITE
(Finney 1998), NEXUS (Scott and Reinhardt 2001) and FOFEM (Reinhardt
and others 1997).

Fuel models integrate the fuel characteristics necessary for fire propaga-
tion along the ground; however, additional information on the vegetation
canopy is required to predict the initiation, spread, and intensity of crown
fires (VanWagner 1977, 1993; Rothermel 1991; Scott 2003). Canopy fuel
represents the amount and arrangement of live and dead biomass in the veg-
etation canopy. Maps of canopy height, canopy cover, and existing vegetation
were developed using information from the LANDFIRE reference database,
remote sensing methods, and statistical modeling.

In addition to canopy height and canopy density, two more canopy char-
acteristics serve as critical components for predicting crown fire potential:
canopy bulk density (CBD) and canopy base height (CBH). CBD describes
the density of foliage and branches for a specific vegetated stand and is de-
fined as the mass of available canopy fuel per canopy volume unit; canopy
base height (CBH) describes the average height from the ground to a forest
stand’s canopy bottom. CBD and CBH were calculated for each plot in the
LANDFIRE reference database using FUELCALC, a fuel summary applica-
tion developed by Reinhardt and Crookston (2003). FUELCALC computes
a number of canopy fuel characteristics for each field reference plot based on
allometric equations relating individual tree characteristics to crown biomass.
Geospatial data describing canopy fuel provide information for fire behavior
models, such as FARSITE (Finney 1998), to determine areas in which a
surface fire is likely to transition to a crown fire (Van Wagner 1977, 1993).

Fuel models and canopy fuel metrics are used to simulate fire bebavior.
Simulation of the effects of fire (such as vegetation mortality, soil heating,
and smoke production) requires systems that describe and integrate the actual
measurements of fuel for vegetated stands. There are two examples of fire
effects models that may be produced by LANDFIRE. Both are currently
under scientific review and at this time are not fully incorporated into the
LANDFIRE production. Mapping of these products will be initiated upon
the recommendation of scientific review. The first, fuel loading models (FLMs;
Lutes and others, in preparation), use fuel information from the LANDFIRE
reference database to characterize representative loading for each fuel compo-
nent (for example, woody and non-woody) for typical vegetation classification
systems such as the Society of American Foresters vegetation classification
system (Eyre 1980). FLMs characterize fuel loading across all vegetation and
ecological types. The second fire effects modeling system, called the Fuel
Characterization Classification System (FCCS) and developed by Sandberg
and others (2001), summarizes fuelbeds using canopy, shrub, surface, and
ground fuel stratifications. Several fuelbed categories that describe unique
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combustion environments form the foundation of FCCS. See www.fs.fed.
us/pnw/fera/research for more information on FCCS. Both sets of fire ef-
fects models are formulated to serve as input to existing fire effects models
such as FOFEM (Reinhardt and others 1997) and CONSUME (Ottmar and
others 1993). When incorporated into LANDFIRE production, these sets of
fire effects models will be assigned to unique combinations of the integrated
vegetation products. Geospatial representation of fire effects fuel models may
be used to prioritize fuel treatment areas, evaluate fire hazard and potential,
and examine past, present, and future fuel loading characterizations. See
Reeves and others, this proceedings for a full description of LANDFIRE
fuel products.

In addition to products that describe wildland fuel characteristics, LAND-
FIRE produces a suite of products related to fire regime condition class
(FRCC). The discrete, three-level FRCC classification, established by Hann
and Bunnell (2001), is defined as a descriptor of the amount of “departure
from the historical natural regimes, possibly resulting in alterations of key
ecosystem components such as species composition, structural stage, stand
age, canopy closure, and fuel loadings.” The three condition classes describe
low departure (FRCC I), moderate departure (FRCC II), and high departure
(FRCC III). LANDFIRE produces maps of FRCC using methods derived
from the Interagency Fire Regime Condition Class Guidebook (Hann and
others 2004). It is important to note that the LANDFIRE FRCC map
represents the departure of current vegetation conditions from simulated
historical reference conditions, which is only one component of the FRCC
characterization outlined in Hann and others (2004).

The historical reference conditions for vegetation succession classes are sim-
ulated using LANDSUM (Keane and others 2002). The existing succession
classes, mapped according to EVT, can additionally represent uncharacteris-
tic vegetation components, such as exotic species, that are not found within
the compositional or structural variability of successional states defined for
a biophysical setting. In LANDFIRE, current succession class proportions
within an analysis area are compared to those of simulated historical reference
conditions to calculate FRCC.

LANDFIRE also produces maps of fire regime groups representing an
integration of the spatial fire regime characteristics of frequency and sever-
ity simulated via the LANDSUM model (Keane and others 2002). These
groups are intended to characterize the presumed historical fire regimes based
on interactions between vegetation dynamics, fire spread, fire effects, and spatial
context (Hann and others 2004). Fire regime groups mapped by LANDFIRE
include: 1) Fire Regime I (0 to 35 year frequency, low to mixed severity), 2) Fire
Regime II (0 to 35 year frequency, replacement severity), 3) Fire Regime 111
(35 to 200 year frequency, low to mixed severity), 4) Fire Regime IV (35 to
200 year frequency, replacement severity), and 5) Fire Regime V (200+ year
frequency, any severity).

Applications

The consistent and comprehensive fuel and vegetation data produced by
LANDFIRE provide managers and scientists with the ability to systematically
compare how vegetation, fuel, and fire potential vary between landscapes.
LANDFIRE provides the fuel and terrain data necessary for executing
the FARSITE (Finney 1998), FlamMap (Stratton 2004), BEHAVE-Plus
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(Andrews and others 2005), and Nexus (Scott and Reinhardt 2001) mod-
els. Surface fuel models include the 13 fire behavior fuel models (Anderson
1982) and the 40 fire behavior fuel models (Scott and Burgan 2005). Fuel
consumption, smoke production, and soil heating calculated using FOFEM
(Reinhardt and others 1997) and CONSUME (Ottmar and others 1993).
LANDFIRE products provide managers with the ability to predict potential
fire behavior in tactical and strategic planning of suppression activities. The
ability to model expected fire behavior with and without fuel treatments
provides managers with valuable decision support tools for strategic plan-
ning (Finney 2001, 2005). The ability to predict and game fire behavior and
effects across landscapes provides managers and scientists with a framework
to explore biophysical mechanisms that entrain fire regimes and to forecast
the implications of climate change (Keane and others 1997), fragmentation
(Finney 2005), and other disturbances across landscapes and regions. Finally,
the ability to quantify the locations and magnitude of hazardous fuel is criti-
cal for designing defensible space and protecting communities.
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Applying Fire Spread Simulators in
New Zealand and Australia: Results
from an International Seminar

Tonja Opperman’, Jim Gould?, Mark Finney3, and Cordy Tymstra*

Abstract—There is currently no spatial wildfire spread and growth simulation model
used commonly across New Zealand or Australia. Fire management decision-making
would be enhanced through the use of spatial fire simulators. Various groups from
around the world met in January 2006 to evaluate the applicability of different spatial
fire spread applications for common use in both New Zealand and Australia. Devel-
opers and researchers from Canada, the United States, and Australia were invited to
apply Prometheus, FARSITE, and other similar models to New Zealand and Australian
wildfires in grass, scrub, and forested fuel types. Although the lack of site-specific fuel
models and weather data were a concern, coarse spatial and temporal data inputs
proved adequate for modeling fires within a reasonable margin of error. The choice
of grass models proved less important than expected since spread rates were easily
manipulated through moisture content values during calibration. The final modeled
perimeters are affected by several user inputs that are impossible to separate from
model error. These various inputs exist to allow experienced users to approximate local
environmental variability as closely as possible to obtain successful outputs. Rather than
attempt to quantify direct comparisons, local users concluded it was more important
to choose an application that provides an appropriate level of functionality, that is
compatible with current data and fire management systems, and that can be easily
modified to use unique and varied fire spread equations. Prometheus and FARSITE
performed very well and will be further investigated to understand how each might
be customized for use with local fire spread models. This paper describes the process
and results of testing some existing fire growth simulation models for use on fires in
New Zealand and Australia.

Introduction

Australian and New Zealand fire managers have a need for spatial fire spread
simulators for planning and operations. The New Zealand Department of
Conservation (DOC) and the National Rural Fire Authority are interested in
adopting a spatial fire growth simulation model for enhanced decision-mak-
ing. New Zealand’s native vegetation is not generally fire-adapted, and DOC
must measure conservation success by comparing the actual area burned to
the potential area burned without suppression. Australia, a more fire-prone
nation, has experienced some of its most devastating wildfires in the past
two decades with significant damage to property, infrastructure, and the
environment, including loss of civilian lives. In response to these wildfires,
the Australian government has recommended continued development and
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coordination of wildfire simulation models to enhance decision-making. Un-
like New Zealand, Australian land management agencies need to conduct
prescribed burning for hazardous fuel reduction. Using a simulator to assess
changes in risk over time and space would be helpful. Additionally, private
plantation companies in both nations are interested in how various wildfire
scenarios might affect their investments. Fire researchers are investigating
whether a current model can be adapted for use in Australasia, or whether a
new simulator requires development.

In recent years, with advances in computer speed and modeling, storage
capacity and graphical capabilities, some fire behavior models have been
implemented in spatial fire growth simulation models. These models can aid
in understanding strategic placement of fuel treatments on the landscape to
reduce overall fire spread and potential fire behavior (Finney 2002; Vojtek
2000). A spatial fire simulation tool allows fire managers to quickly simu-
late several potential fire scenarios and helps them evaluate fire effects at a
landscape scale.

Wildland fire simulators combine spatial and temporal representations of
tuels, weather, and topography to propagate point, line or polygon ignitions.
Fire simulators are not new fire behavior models. Calculations depend on
the underlying mathematical expressions representing what are commonly
referred to as ‘fire behavior models’. Familiar surface fire spread models in-
clude empirical models developed by McArthur (1967) and Forestry Canada
Fire Danger Group (1992), and the semi-empirical model developed by Ro-
thermel (1972). Some simulators incorporate additional models to calculate
spotting and crown fire initiation (Pastor and others 2003). Worldwide, over
twenty spatial wildland fire simulators have been developed for operations,
planning, and research (Pastor and others 2003). Most of these simulators
are designed to handle specific areas and requirements; few are sufficiently
robust for trans-continental applications (Johnston and others 2005). Ensis
Bushfire Research hosted an international workshop to evaluate several spatial
fire spread simulators that could be adopted in New Zealand or Australia. This
paper describes the process and results of testing some existing fire growth
simulators for that purpose.

Fire Environments

The fire environments and fire histories of New Zealand and Australia are
markedly different.

New Zealand consists of two main islands of 270,000 square kilometers
isolated in the southwest Pacific Ocean. Indigenous vegetation types are not
generally considered fire adapted and New Zealand experiences relatively
few naturally ignited fires. Pine plantations, pasture grasslands, and exotic
shrubs comprise the majority of non-native vegetation types that burn read-
ily from human-caused ignitions. Rapidly changing conditions dominate the
maritime-influenced weather and unrelenting winds exceeding 80 km/h are
common. New Zealand has approximately 2500 rural vegetation fires each
year that, combined, burn approximately 7000 hectares. Fires are considered
“large” if they are greater than 50 hectares and spread for more than one
burn period.

Australia is located between the Indian and Pacific Oceans and is 7 mil-
lion square kilometers, thus supporting a continental climate. Bushfires are
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an inherent part of the Australian landscape. Few areas of Australia are free
from fire, and every decade, intense and widespread fires burn in southeast
Australia. As an example, the spring of 1974 witnessed 15% of Australia’s
land area burned (Luke and McArthur 1978), and from 1960-2001 there
were 224 fire-related deaths, over 4500 injuries, and $2475 million dollars
in damages (McMichael and others 2003). As such, this area has a reputation
as one of the three most fire-prone areas in the world along with southern
California and southern France. Although fire has proven important to the
local ecosystems by shaping vegetation mosaics and maintaining biodiversity,
it is one of the most significant threats to human populations and infrastruc-
ture. Throughout the 20t century, many fires have claimed lives, destroyed
homes and livelihoods, and burned thousands of hectares. Land managers
and fire manage