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The USDA Forest Service’s Fire and Aviation 
Management Staff has adopted a logo 
reflecting three central principles of wildland 
fire management:

•	 Innovation: We will respect and value 
thinking minds, voices, and thoughts of 
those that challenge the status quo while 
focusing on the greater good.

•	 Execution: We will do what we say we 
will do. Achieving program objectives, 
improving diversity, and accomplishing 
targets are essential to our credibility.

•	 Discipline: What we do, we will do well. 
Fiscal, managerial, and operational 
discipline are at the core of our ability to 
fulfill our mission.

Hotshot crews are conducting a 
Burnout Operation during the 
Slide Fire along the mouth of West 
Fork Canyon north of Sedona, AZ. 
Crews took extra precautions to 
prepare the apple trees seen in the 
foreground. These trees are all that 
remains of the orchard that was 
owned by C.S. (Bear) Howard who 
planted the apples in the 1880s. 
This is believed to be the first apple 
orchard planted in Oak Creek 
Canyon. Photo: Jayson Coil, Sedona 
Fire District, Flagstaff, AZ.
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by Tom Harbour
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Anchor 
Point

We have all heard and remem-
ber Paul Gleason’s admon-
ishment to be a “student of 

fire.”  That counsel has enriched 
the lives of many in our com-
munity.  I think there could be 
significant value in being a “citizen 
of fire,” albeit an active citizen.  
Active citizenship, in the context of 
our Nation, simply means people 
getting involved in their communi-
ties. In this case, being a citizen of 
fire means a community can be as 
small as your local unit’s fire man-
agement organization or as large as 
the entire interagency wildland fire 
management community.  Simple. 
Or is it?  Active citizenship is a 
combination of knowledge, attitude, 
skills, and actions that aim to con-
tribute to building and maintaining 
a better community for tomorrow.  

Being an Active Citizen 
of the Wildland Fire 
Community
It’s not news that we all work very 
well together to manage wildfire 
incidents—that’s a proven fact.  We 
enter unified command with our 
other Federal, tribal, State, and 
local partners and work together 
toward a common goal.  That’s a 
level of active citizenship, but what 
I am calling for is taking active 
citizenship to a new level—a higher 
level.  By combining the principles 
of fire doctrine with the actions of 

The Citizen of Fire
an active citizen, each of us could 
make a tremendous difference in 
moving our community toward a 
better future. 

Actions of an Active 
Citizen
As active citizens, we should ask 
ourselves regularly (if not each 
time we plan a task or action on the 
ground):

•	 What are the issues?  Am I see-
ing what others are seeing?

•	 What’s working, and what’s not?
•	 What could I learn from this 

situation and from others?
•	 Am I focused on the key doctrine 

and issues?  What solutions can I 
propose?

•	 How can I best share and inter-
act, offering what I know and 
what I don’t?

Once engaged and beginning to 
answer the questions, then, take 
appropriate actions.

To make our community bet-
ter, we must all choose to accept 
accountability for ourselves and, 
additionally, to be committed to the 
well-being of the whole.  An active 

citizen will not wait on, beg for, or 
dream of the future; rather, he or 
she will take initiative to identify the 
issues, get involved in order to solve 
the problems, propose solutions, 
share what he or she knows, make 
informed decisions, and lead others 
to create a better fire community.   

Call for a Revolution
I’ve often wondered about the revo-
lution of democracy that occurred 
because citizens in ancient Athens 
became involved and wanted to 
affect change within their com-
munity.  I’ve wondered if we could 
have the same kind of “revolu-
tion in fire”—not revolution in 
the sense of an overthrow of a 
government, but a revolution of 
new thinking and new actions that 
result in new successes.  

Today, as we are faced with a multi-
tude of problems that need resolu-
tion, both at a national scale and 
within our profession, each of us 
needs to become involved—become 
active citizens of fire and leaders 
of our “revolution of success.” The 
success will sustain and maintain 
our wildland fire management 
community in the future.  

Active Citizenship—what does 
it mean and how does it apply 
to wildland fire management?

Definition of an Active Citizen:  
“A citizen who takes an active 
role in his or her community.”

Determine 
Issues?

Figure Out 
What’s Not 
Working?

Purpose 
Solutions

Active Citizenship

Share 
What You 
Know

Make 
Informed
Decisions

Take
Appropriate 
Action
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With a typical July storm front 
looming over the moun-
tains—not much rain, but 

plenty of lightning—Joan Smith 
is worried. The minimal winter 
snowpack has again left the forests 
dry. Last year’s fire season had been 
bad, but it was manageable thanks 
to the unmanned aircraft systems 
(UASs) that had been integrated 
into fire management efforts. 
Smith manages a detachment of 
three medium-altitude, long-endur-
ance UASs assigned to Montana’s 
Rocky Mountain central region. 
She needs to send two aircraft 
aloft to trail the storm and look for 
lightning-generated hotspots, but 
one aircraft is undergoing main-
tenance, and another has yet to 
return to base from yesterday’s mis-
sion. That leaves a single aircraft 
to cover a 5,000-square-mile area. 
Smith doubts that one aircraft will 
be enough.1

Undoubtedly, high-technology 
equipment, like UASs, offer distinct 
advantages in the identification, 
containment, and control of wild-

High-Tech Is Useful But Costly:  
Modeling and Simulation Can Help  
With Tough Resourcing Decisions
David K. Peterson, Ph.D.; Ericson R. Davis; Jeremy M. Eckhause, Ph.D.; Michael R. Pouy; 
Stephanie M. Sigalas-Markham; and Vitali Volovoi, Ph.D.

David K. Peterson is a senior consultant 
at LMI and a retired U.S. Air Force logisti-
cian. Ericson R. Davis is a research ana-
lyst at CACI International, Inc. Jeremy 
M. Eckhause is an operations researcher 
at the RAND Corporation. Michael R. 
Pouy is a senior consultant at LMI and a 
retired Defense Logistics Agency analyst. 
Stephanie M. Sigalas-Markham is a supply 
chain optimization engineer at Amazon 
Corporate, LLC. Vitali Volovoi is an inde-
pendent consultant working for LMI. 

land fires. These systems, however, 
can be costly—and complicated. As 
Federal and State wildland manage-
ment agencies plan to incorporate 
high technology into operations, 
they must consider how much of 
their budget should be allocated 
for the purchase and sustainment 
of such systems. Well-established 
modeling and simulation tech-
niques can help managers like 
Smith align their budgetary deci-
sions with their operational, fire-
fighting needs.

New Technology; Old 
Fiscal Realities
The resourcing environment facing 
all governmental agencies is a com-
plex series of interrelated decisions 
that span broad time horizons. 
Typically, strategic resourcing  
plans consider decisions 5 or more 
years out, tactical plans span 1 to 5 
years, and operational resourcing 
decisions relate to requirements 
within the year. In this planning 
environment, the outputs of one 
decision become the inputs for the 
next. For example, tactical  
decisions decompose strategic  
budgetary decisions into the  
physical resources needed, and  
tactical decisions are translated  
into monthly, weekly, and daily 
operational resource employments.

The challenge wildland fire manag-
ers face is how to best align these 
detailed resourcing decisions with 
operational needs. Unfortunately, 
no single analytical technique 
can completely balance resource 

requirements against operational 
risk (e.g., not having enough 
resources to cover a fire) and 
achieve the desired blend of sys-
tem performance, availability, and 
affordability. 

By carefully integrating modeling 
and simulation into their decision-
making, managers can better size 
equipment capabilities, fine-tune 
complex resource decisions (across 
any planning time horizon), and 
maximize the usefulness and effec-
tiveness of emerging high-technol-
ogy equipment.

Why Modeling and 
Simulation?
Why are modeling and simulation 
useful to wildland fire manag-
ers? Modeling and simulation can 
accommodate the multidimension-
al resource decisions wildland fire 
managers face for high-technology 
systems. For example, the cost for 
a fleet of UASs or aerial tankers 
extends well beyond the procure-
ment cost of the aircraft. Total 
ownership costs include associated 
operating costs (fuel, manpower, 
etc.), logistics costs (parts, main-
tenance, transportation), facilities 
costs (hangar fees, landing rights, 
etc.), and other recurring costs 
(insurance, pilot certification, 
training, etc.).

The complexity of governmental 
budget processes also warrants the 
use of robust analytics (made easier 
with modeling and simulation) to 

1	 A notional scenario for illustrative purposes.
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determine and defend agency bud-
gets. According to the U.S. Office of 
Management and Budget (2014):

The best government programs 
use a broad range of analytical 
and management tools, which 
collectively comprise an “evi-
dence infrastructure,” to learn 
what works (and what doesn’t) 
and improve results. In doing so, 
they support a culture of contin-
uous feedback and improvement.

Many powerful analytic techniques 
are well suited to wildland fire 
resource manager needs. These 
analytical tools are generally clas-
sified as “business analytics,” and 
use “data, information technol-
ogy, statistical analysis, quantita-
tive methods, and mathematical 
or computer-based models to give 
managers improved insight about 
their business operations and make 
better, fact-based decisions” (Evans 
2012). By integrating carefully 
selected modeling and simulation 
techniques, and complementing 
them with data analytics, wildland 
fire managers can better quantify 
the resources they need to operate 
and sustain their high-technology 
equipment. 

A Scenario To Consider
Consider the future use of MQ-1 
Predators (an unmanned aerial 
vehicle) that might be assigned to a 
wildfire surveillance mission within 
the Western United States. These 
MQ-1s would operate from a small 
set of airports chosen to maximize 
surveillance coverage over forested 
regions subject to high fire risk as 
well as areas with a wildland-urban 
interface. The MQ-1 bases must 
be self-sufficient for day-to-day 
operations during the fire season, 
with limited support available from 

higher echelon logistics facilities 
(e.g., depots and manufacturers) if 
required. 

Strategic Decisions—
What and Where?
In an internal research and devel-
opment project, LMI (a government 
consulting company) developed an 
illustrative case study that com-
bined analytical optimizations with 
modeling and simulation to evalu-
ate the mission coverage that can 
be achieved with different mixes of 
aircraft and logistical support. 

To develop the support concept, 
we needed to make two strategic 
resourcing decisions: how many 
UASs are needed and where they 
should be located. With finite 
resources and a limited number of 
UASs available, the aircraft needed 
to be positioned to achieve the 
greatest coverage with regard to 
monitoring areas at risk for a wild-
fire. 

Given the nature of fire outbreaks 
and the uncertainty associated with 
their discovery, strategic-level plan-
ning was difficult. A mathematical 
programming optimization helped 
us evaluate resource alternatives. 
A pre-established reward structure 
identified the “value” of monitoring 
different public lands and wilder-
ness areas.

The value of monitoring one area 
for wildfires may be higher than 
the value of monitoring other, 
equally sized areas. For example, a 
densely timbered area may contain 
a greater amount of potential fuel 
than a rangeland with a similar 
area. Expending resources to moni-
tor the forest could offer greater 
return. Regions bordered by high 
population densities and structures 
are intrinsically more valuable 

because of the greater threat to life 
and property, and the optimization 
model valued them accordingly. 

For strategic planning purposes, 
we positioned the UASs at sites 
chosen from a fixed list of airfields. 
Since there is little value in visiting 
a single region multiple times in 
rapid succession, we assumed the 
marginal benefit of adding aircraft 
to a given site decreases with each 
aircraft. Each candidate location 
was, therefore, given a set of grid 
spaces that a UAS could visit and 
return from in a single sortie. 

From these strategic decisions, we 
could establish the number and 
deployment locations of the MQ-1s, 
which significantly influenced the 
amount of logistical resources 
required to keep them mission 
ready. 

Tactical Decisions—
How Much Support?
At the tactical level, the case study 
considered the maintenance capa-
bilities and inventory investment 
needed to support the planned 
UASs’ operations at a desired level 
of system availability.

To fulfill its missions, an MQ-1 unit 
depends on the complementary 
performance of both its airborne 
and ground-based components. A 
fully operational MQ-1 unit consists 
of multiple aircraft, ground control 
systems (GCSs), and ground data 
terminals (GDTs) (See figure 1). 

We used a readiness-based spar-
ing (RBS) inventory optimization 
method to compute the mainte-
nance and spares requirements for 
the MQ-1 deployment, given the 
strategic-level decisions made ear-
lier. 
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We modeled each aircraft as a com-
posite of its corresponding subsys-
tems (e.g., fuel, engine, structural, 
electronics), all of which have 
unique costs, repair capabilities and 
times, and failure rates.

Since RBS techniques view a sys-
tem in terms of its major compo-
nents (sensors, electronics, propul-
sion, structural components, etc.), 
our decisions about the range and 
depth of spares were influenced by 
fleet size, dispersion, and associated 
maintenance capabilities. 

In our scenario, we modeled an 
MQ-1 deployment of eight aircraft 
allocated across three airfields. The 
logistical solution generated the 
equivalent of 10 hours per aircraft 
per day, with an 80-percent aircraft 
availability across the fleet (See fig-
ure 2). 

So, the remaining question was, 
would an average of 64 flying hours 
per day be achievable and sustain-
able given the vagaries of real-life 
aviation and fire operations?

Operational Decisions—
What Can the Systems 
Do?
Once the strategic and tactical 
resourcing decisions were made, we 
needed to evaluate the robustness 
of these decisions in the face of 
real-life operational variability. 

While RBS methods can assess the 
availability of individual systems, 
they cannot fully assess the prob-
ability of the system achieving its 
objective. In our case, a simulation 
enabled us to better portray the 
realities of daily flight operations 
and capture their effect on wildfire 
surveillance.

Simulation-based methods are well 
suited to this task, as they can read-
ily capture the complex interde-
pendencies and variability inherent 
in sophisticated, high-technology 
systems. Thus, to assess the mis-
sion performance of our UAS fleet, 
we combined RBS analysis with 
modern simulation tools, such as 
Abridged Petri Nets (APN) software 
(Volovoi 2013) to model UAS opera-
tions.

APN was used to model the MQ-1 
wildfire surveillance mission cycle 
and served as the framework for 
adding system-of-system complexi-
ties to the model. For example, a 
local GCS and GDT are both 
required for the MQ-1 aircraft to 
fly. Once the aircraft is launched 
and en route, the local ground sys-
tems handoff control to a distant 
GCS. If either, or both, of the local 
ground-system components are 
inoperative, then the mission may 
be compromised or prematurely 
curtailed, thereby diminishing the 
percentage of time wildfire surveil-
lance coverage can be maintained.

Figure 1—A notional MQ-1 UAS wildfire deployment scenario.

Figure 2—The baseline logistical solution (illustrative costs) demonstrated by the amount 
of inventory investment (in dollars) needed to furnish maintenance activities with the 
breadth and depth of spare parts required to maintain a specified level of available 
mission-ready aircraft. 
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APN provides a visual means for 
modeling complex interaction 
among relevant entities (called 
tokens). Figure 3 illustrates the 
APN simulation that portrays an 
MQ-1 mission. Aircraft are selected 
from an available pool and moni-
tored through a preflight check and 
take-off. After transiting to the mis-
sion area, the wildfire surveillance 
begins. At some point, the MQ-1 
must call for a relief aircraft to 
continue the surveillance. After the 
original aircraft departs the mis-
sion area, it returns to base for a 
post-flight check and any requisite 
corrective maintenance. Supporting 
this mission are the line-of-sight 
ground-based subsystems (the GCS 
and GDT), which must be fully 
operational for MQ-1s to take off 
and land.

Using a simulation enhances the 
fidelity of modeling the MQ-1 mis-
sion cycle by enabling explicit 
consideration of key logistical reali-
ties (e.g., a corrective maintenance 
cycle, spares availability, and logis-
tical delays). For the MQ-1 UAS 

simulation, using condition-coded 
colored tokens in APN enhances 
modeling power by capturing time-
varying operational performance 
aspects. 

For example, the green tokens in 
figure 3 represent fully serviceable 
systems actively performing their 
mission; black tokens are mission-
ready systems; and red tokens rep-
resent systems rendered inoperable 
as a result of component failures 
and logistical delays. 

Thus, the APN model enabled us to 
account for the effects of in-flight 
failures, as well as delays associ-
ated with maintenance activities. 
In addition, APN portrays system 
failure dependencies by using ani-
mated tokens to visualize the effect 
of failures on the system’s perfor-
mance. 

Using the APN simulation, and 
given the preceding logistical 
decisions, the percentage of time 
that MQ-1s were orbiting their 
assigned regions ranged from 91.7 

to 91.9 percent, which confirmed 
our expectation that achieving a 
100-percent orbital coverage was 
overly optimistic. Clearly, the effect 
of operational and logistical vari-
ability must be taken into account 
when resourcing and planning the 
MQ-1 wildfire surveillance mis-
sions.

Conclusion
The stage is set for a rapid expan-
sion of high-technology systems 
use by wildland management agen-
cies. Many choices of aerial and 
ground-based unmanned technol-
ogy are available to agencies. These 
systems come with a price beyond 
procurement. Agency decisionmak-
ers need to develop (and fund) an 
infrastructure appropriate to the 
technology they acquire and select 
an appropriate operations and sup-
port strategy.

Given the current need within the 
Federal community to better quan-
tify and defend program costs, inte-
grating modeling and simulation 
in the resourcing decision process 
can help agencies synchronize the 
myriad resourcing decisions they 
face as systems are deployed within 
their wildland fire management 
charters. 

A modeling and simulation frame-
work, like the one described above, 
supports these complex decisions 
by modeling a system’s operational 
and logistical performance. To cor-
respond with the government bud-
geting process, long-term resourc-
ing decisions can be made first 
with intermediate tactical decisions 
determining the logistical resourc-
es needed. Given these decisions, 
near-term system effectiveness can 
be rapidly evaluated through the 
simulation of a specific mission.

Figure 3—Example of wildfire mission simulation model.
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By using integrated modeling and 
simulation techniques, wildland 
management agencies can quan-
tify the resources they require to 
sustain their equipment decisions 
(which have distinct strategic, tac-
tical, and operational resourcing 
aspects). The method illustrated by 
LMI’s case study offers wildland fire 
equipment managers a pragmatic 
approach for leveraging modern 
analytical techniques and high-
technology systems with wildfire 
operations.

Modeling and simulation is not 
an end unto itself. Rather, it is a 
means for reducing the uncertainty 
surrounding budgetary, procure-
ment, and operational decisions 
when lives are at risk, threats to 
property and natural resources are 
great, and funding is limited and 
uncertain.

References
Davis, E. and others. 2013. Exploring how 

hierarchical modeling and simulation 
can improve organizational resourc-
ing decisions. In: Pasupathy, R.; Kim, 
S.H.; Tolk, A.; Hill, R.; Kuhl, M.E., 

eds. Proceedings of the 2013 Winter 
Simulation Conference, 8-11 December 
2013; Washington, DC: 2496-2507.

Evans, J.R. 2012. Business analytics: The 
next frontier for decision sciences. 
Decision Line. 43(2): 4-6.

Jacobs,  T. Unmanned aircraft sys-
tems (UAS) use of commercial 
SATCOM. HQ ACC/A8UC, 7 December 
2006 (slide 8). <http://www.sia.
org/2007DoDSatcomWorkshop/Thursday/
DoD/UAV.ppt> (23 March 2010). 

Office of Management and Budget. 2014. 
Analytical perspectives: Budget of the 
United States Government (fiscal year 
2015): 65. 

Volovoi, V. 2013. Abridged Petri nets. 
Unpublished paper. Available at 
<ArXiv:arXiv:1312.2865 [cs.OH]>. 
(October  2014).  

Contributors Wanted!
We need your fire-related articles and photographs for Fire Management Today! Blogs should be between 
100 and 200 words, Short Articles should be between 500 and 1,000 words, and Feature Articles should be 
between 1,500 and 2,000 words. Subjects of published material include:

For more information, contact the managing editor via email at firemanagementtoday@fs.fed.us.

Aviation

Communication

Cooperation

Ecosystem Management

Education

Equipment and Technology

Fire Behavior

Fire Ecology

Fire Effects

Fire History

Fire Use (including Prescribed Fire)

Fuels Management

Firefighting Experiences

Incident Management

Information Management 
(including Systems)

Personnel

Planning (including Budgeting)

Preparedness

Prevention

Safety

Suppression

Training

Weather

Wildland-Urban Interface



Fire Management Today
10

Introduction

Rapid advances in cellular phone 
technology have transformed 
portable telephones into 

“smart” phones; powerful, portable 
personal computers equipped with 
Global Positioning System (GPS), 
cameras, and a suite of tools for 
accessing and storing information. 
Smartphones offer the ability to 
connect to large servers via both 
cell and wireless networks with 
a speed and power that is truly 
remarkable when compared with 
what was available only 10 years 
ago. The sheer numbers of smart-
phones being used globally make 
them a potent tool for distributing, 
as well as collecting, information 
(Kwok 2009). 

Smartphone applications (apps) 
are rapidly being embraced as a 
tool for collecting data across a 
range of disciplines in the earth sci-
ences (Kwok 2009). Equipped with 
GPS, local time information, and a 
camera, smartphones can be a tool 
for collecting and storing environ-
mental data.  For example, weather 
modelers at the National Oceanic 
and Atmospheric Administration 

Perhaps the most obvious use of mobile 
technologies in fire management is in the 

collection and sharing of weather information. 
For firefighters, the ability to quickly receive 
the latest weather information is critical to 

safely execute their mission.
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have developed and promoted 
an app called mPING (precipita-
tion information near the ground, 
http://www.nssl.noaa.gov/projects/
ping/) for collecting information 
about the form (e.g., hail, snow, 
rain) and timing of precipitation. 
Other applications in environ-
mental sciences include collecting 
of epidemiological information 
(Aanensen et al. 2009) and identify-
ing and recording the location of 
bird species (Wood et al. 2011). 

Perhaps the most obvious use of 
mobile technologies in fire man-
agement is in the collection and 
sharing of weather information. For 
firefighters, the ability to quickly 
receive the latest weather informa-
tion is critical. Historically, weather 
observations were collected and 
shared via radio communications. 
The rise of mobile computing 
allows for digital sharing of weather 
observations and allows firefighters 
to access different sources of weath-
er information through the variety 
of weather applications available 
for mobile devices. Rapid access 

to weather forecasts, observations, 
and supplemental environmental 
data have the potential to greatly 
enhance situational awareness and 
firefighter safety.

Weather observations are also a 
critical information source for 
supporting wildland fire manage-
ment decisions.  Currently, weather 
information during wildland fire 
incidents comes primarily from 
Remote Automated Weather 
Stations (RAWS). Data from the 
nearest RAWS are often used to 
model fuel moistures and predict 
fire behavior during an incident. 
However, stations may be located 
31 miles (50 km) or more from the 
incident and are typically placed on 
south-facing, low-elevation slopes 
to capture “worst case” condi-
tions.  Thus, much of the spatial 
variability in fuel moisture and 
fire danger is typically ignored 
(Holden and Jolly 2011). Secondary 
weather information comes from 
wildland firefighters who measure 
and report hourly weather condi-
tions in the field during active fire 
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incidents. While weather observa-
tions from firefighters in the field 
may be less accurate than weather 
measured at RAWS, the ability to 
rapidly collect and disseminate 
weather information may outweigh 
any potential reductions in data 
quality (Goodchild and Glennon 
2010).  These weather observa-
tions are typically reported back 
to a central dispatcher via radio. 
They are sometimes used by spot 
fire weather forecasters, but typi-
cally remain in paper form, where 
they are largely inaccessible for 
further analysis after the incident. 
The observations, accumulated over 
time, represent a potentially rich 
but untapped source of weather and 
climate information. By embracing 
digital mobile technologies to col-
lect and share weather information, 
we can improve decisionmaking 
and efficiency in fire management.

Methods
A number of smartphone applica-
tions have been developed to sup-
port wildland fire management. In 
this article, we will discuss a few 
specific developments designed to 
help managers and firefighters bet-
ter monitor, share, and understand 
the fire environment. This list is 
not intended to be comprehensive, 
but rather, to illustrate a few spe-
cific examples currently in use and 
explore what the future may hold. 
It includes mobile-specific develop-
ment, as well as existing science 
programs that are being modified 
for use in mobile environments.

Fire Weather 
Calculator
The number of weather applica-
tions available for mobile devices 
is stunning. These cover anything 
from sharing forecast data to 

interpreting clouds. In fire, how-
ever, the ability to use a mobile 
device to more efficiently calcu-
late fire weather parameters and 
subsequently share those observa-
tions has lagged behind. The Fire 
Weather Calculator, developed by 
the National Center for Landscape 
Fire Analysis, is one example of a 
mobile app designed to add value 
to traditional weather observa-
tions. This application allows the 
user to input traditional observa-
tions (e.g., dry bulb, wet bulb, etc.) 
and have the application calculate 
critical information, such as rela-
tive humidity and probability of 
ignition, which both saves time 
and ensures consistency between 
weather observers. More important-
ly, however, is the ability to archive 
and share these digital observations 
with other users and managers in 
real time. This application allows 
for more streamlined management 
of weather information, a critical 
aspect of any fire event. The ability 
to share observations, particularly 
if many users are archiving their 
observations, will lead to a very 
useful archive of crowd-sourced 
data that will be used to create 
value-added products, such as 
the calculations of 3-dimensional 
weather fields that could be shared 
with personnel to increase their 
situational awareness.

The Topofire Weather 
App
The low cost of high-performance 
computing offers the potential 
to expand smartphone applica-
tions in wildland fire from simple 
data recorders to the frontier 
of real-time modeling and eco-
logical forecasting. One example 
of this type of application is the 
TOPOFIRE application. Similar to 
the Fire Weather Calculator app 

described above, this application 
allows users to enter a suite of 
fire weather observations that are 
normally collected on incidents. 
These observations, as well as the 
time and location, are sent directly 
to the TOPOFIRE server, where 
they are permanently archived and 
can be made available to users and 
fire weather forecasters. Weather 
information entered into the phone 
can then be used to parameterize 
the WindNinja simulation model, 
using either current observations 
or gridded data from the Real-Time 
Mesocale Analysis dataset (RTMA). 
Users can also request forecasts for 
the next 3 to 12 hours, using data 
from the National Digital Forecast 
Database. Model simulations are 
then run on the TOPOFIRE server, 
and outputs are returned to the 
user’s phone in the form of a key-
hole markup language (.KML) file 
that can be opened on the phone 
on GoogleEarth.  Although not cur-
rently enabled, additional weather 
variables can also be blended with 
the RTMA gridded weather model 
data to provide spatially corrected 
data for the domain around the 
fire incident using data collected 
onsite. Again, this type of two-way 
interface between phone users and 
a computer modeling environ-
ment demonstrates the potential 
for development of an operational 
environment whereby wildland 
firefighters dynamically inform and 
retrieve models of the fire environ-
ment in real time. Further, these 
data could be provided immedi-
ately upon collection to the fire 
behavior analysts who are charged 
with observing and forecasting 
fire behavior and who typically 
provide local weather observations 
to the National Weather Service 
to improve their incident Spot 
Weather Forecasts.
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The TOPOFIRE 
Photologger App
Photographs and videos are another 
key source of information collected 
during fire incidents. Firefighters 
are often asked to take pictures 
or videos of fire behavior to 
share with incident commanders. 
Development of tools for rapidly 
sharing images could dramatically 
improve communication and could 
potentially improve situational 
awareness at every operational level 
within an incident.  Mobile phones 
now routinely embed location and 
accurate timestamps into photo-
graphs, facilitating the integration 
of these resources into Geographic 
Information System applications. 
One example currently under 
development is the TOPOFIRE pho-
tologger app, which allows users 

to collect images and videos with a 
smartphone and send them directly 
to a central server where they can 
be queried spatially and viewed 
almost instantly by others. 

Open Data Kit (ODK)
Applications like ODK (http://
opendatakit.org/) allow users to 
translate standard “form” informa-
tion to digital formats for use on 
mobile devices. Any kind of form 
that managers and firefighters cur-
rently use can be converted and 
modified to be easily read and filled 
on a mobile device. For example, 
smoke-management observations, 
critical to many aspects of fire 
management, can be implemented 
in a digital framework that allows 
for simplified data collection and 
archiving. The form, once convert-

ed, can be used for multiple inde-
pendent observations. The native 
digital format allows for embedded 
error checking, ease of transfer, and 
subsequent access. Gone are the 
days of transcription from paper 
to digital media and the inherent 
problems associated with the man-
agement of those systems. 

Future Challenges
Despite the clear potential for inte-
grating mobile computing technol-
ogies into operational fire manage-
ment, a number of organizational, 
technical, and logistical challenges 
lie ahead. 

Arguably, the largest impedi-
ment to wide-spread adoption of 
mobile technologies is the issue of 
operating-system specificity (iOS, 

Figure 1. The TOPOFIRE smartphone application assimilates weather observations and photographs from wildfire incidents, which can 
be used by fire managers and fire weather forecasters. Users can also request WindNinja simulation and fire danger forecasts via phone 
in real time. 
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Android, etc.) and central infor-
mation technology (IT) issues. An 
ongoing debate is which device fire 
managers should embrace as the 
default. The merits for picking one 
operating system over another are 
beyond the scope of this article. In 
reality, devices that use Android 
and iOS operating systems are 
widely used and are unlikely to 
disappear. We suggest fire manag-
ers consider the decision made by 
the U.S. Department of Defense and 
embrace the idea of device agnos-
ticism (USDOD, CIO 2013). This 
idea dictates that the fire organiza-
tion would not choose a specific 
operating system as a standard. 
Committing to a single operating 
system/company could lessen the 
chance for innovation through 
competitive development. 

Instead of setting standards for 
devices, fire managers would be 
better served setting standards 
for data acquisition and manage-
ment. What are the important data 
sources? How should those sources 
be used and managed? What are 
the true efficiency and informa-
tion gains? Once those are decided, 
applications should be developed 
to support all mobile devices. The 
development of monolithic stan-
dards should be avoided in order 
to maintain efficient mobile device 
integration.  If comprehensive 
standards are defined, however, 
they will almost certainly always 
lag behind the most current tech-
nological advances, resulting in 
lost efficiency. Recent advances in 
cross-platform mobile development 
that leverage HTML and Javascript 
available on most current mobile 
devices show promise in allowing 
the development of applications 
for most operating systems from a 
single codebase.  

The Way Forward
Collecting, managing, and distrib-
uting weather information is just 
one example of how mobile devices 
can and will revolutionize wildland 
fire operations and management. 
As mobile devices become more 
powerful and data coverage increas-
es, mobile computing will truly 
become a vital technology. Mobile 
devices will allow better collection 
of critical fire and environmental 
data while simultaneously allowing 
data to be converted and quickly 
shared. 

In an era where computing power 
has become relatively cheap and 
widely available, a dynamic two-
way interface between phone users 
and computer models running in 
real time is now possible. Fast con-
nectivity via broadband wireless 
networks allows rapid sending and 
retrieval of remotely generated data. 
This dynamic link between phones 
and computers has the capacity to 
expand smartphone applications in 
environmental sciences from simple 
data recording and sharing into the 
next frontier of real-time modeling 
and forecasting. 

One example of using field data to 
quickly provide useful information 
is the Topfire application dis-
cussed above. The user can provide 
weather information that feeds a 
model that provides comprehen-
sive environmental information 
back to the user within minutes. In 
the future, one can easily imagine 
these observations being used to 
parameterize and calibrate models 
that quickly return 3-dimensional 
fire weather data, hydrological and 
fuel-model information, as well 
as continuously updated, next-
generation fire danger models. The 
goal of these products is to increase 
situational awareness and support 
more efficient and precise decision-
making. 

Nearly every “smart” mobile device 
on the market is now equipped 
with a GPS, making each device 
spatially aware.  A new frontier for 
fire management lies in the ability 
of a central server to send or “push” 
critical information about changing 
conditions to mobile devices.  For 
example, Fire Weather Watches and 
Red Flag Warnings are commonly 
issued by the National Weather 
Service to highlight regions where 
wildfire weather conditions may 
promote intense fire behavior 
(Figure 2).  Future systems could 
send this critical information as 
soon as a Watch or Warning is 
issued to any person who has a 
phone and is within these areas.  
This rapid dissemination of this 
information could be life saving.

Mobile devices are also powerful 
mapping tools. We are already see-
ing how these devices are changing 
the way managers use spatial infor-
mation in the fire environment. 
From portable document format 
(PDF) maps that provide real time 
context and location information, 
to geotagging of photographs and 
field data, there is obvious potential 
to use portable devices to provide 
spatial data about the firefight-
ing environment. In the future, 
these capabilities will improve as 
we continue to develop a better 
understanding of disturbance and 
ecological processes. For example, 
we will soon have the ability to 
track Mountain Pine Beetle infesta-
tions and monitor changes more 
effectively by using mobile tech-
nologies. With more information 
and increased understanding, one 
can easily envision tools that share 
state-of-the-science information 
with field personnel. When coupled 
with improvements in fire behav-
ior modeling, it’s easy to see how 
this direct, real-time connection 
between observers, the environ-
ment, and modeling tools could be 
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used to enhance the awareness and 
safety of firefighters, while allowing 
for more rapid and accurate deci-
sionmaking. 

In the near future, we will also see 
a dramatic rise in the use of sen-
sors and wearable technologies. We 
are already seeing “wearables” play-
ing an interesting role in how we 
perceive mobile computing. Google 
Glass® and the Apple Watch® are 
examples of what’s to come. One 
can easily imagine technologies 
that continuously monitor firefight-
er health, collect weather data in 
real-time using sensors connected 
to the phone, and track their loca-
tions in real-time using the phone’s 
GPS.  Bluetooth® connectivity on 
mobile devices also makes each 
device a potential hub for any aux-
iliary wireless device. For example, 
handheld digital weather instru-
ments, such as Kestrels®, can wire-
lessly relay information directly to 
the mobile device without human 
intervention, making weather 
tracking more seamless. The con-
tinuing development of augmented 
reality systems shows some intrigu-
ing possibilities in how firefighters 
can interact with each other as 
well as the fire environment. If all 
of these technologies are used in a 
coordinated effort to monitor per-
sonnel activity during wildland fire 
incidents, they will likely lead to 
some remarkable changes in wild-
land fire management. 

The key challenges for fire manag-
ers considering using these tech-
nologies will be how to select and 
implement the latest tools and, 
afterwards, to find effective ways 

to monitor and evaluate the tools 
they select. This is not a time for 
monolithic decisions, rather, fire 
managers need to be able to iden-
tify the best and most appropriate 
tools that can truly support deci-
sionmaking while not forcing fire-
fighters to conform to outmoded 
standards or use less effective tools. 
Technologically speaking, this is a 
very exciting time for wildland fire 
management—the challenges will 
be in finding a way to efficiently 
navigate this rapidly changing field 
in order to bring the best digital 
tools available to improve how we 
manage natural resources.
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A Changing Fire 
Environment

C limate controls the magnitude, 
duration, and frequency of 
weather conditions associated 

with extreme fire behavior. In a 
warming climate, we are experienc-
ing earlier snowmelt, longer fire 
seasons, and greater incidence of 
drought. We expect these trends to 
increase.

Increasing temperatures and 
changes in precipitation and snow-
melt patterns are increasing the 
severity and size of wildfires in 
the West, especially in northern 
latitudes, including Alaska. Many 
States have recently experienced 
their largest and most destructive 
fires in history: 

•	 Colorado experienced record-
setting fires three times between 
2012 and 2013 in the High Park 
Fire, Waldo Canyon Fire, and the 
Black Forest Fire. Among them, 
these fires burned more than 
1,100 homes and brought about 
5 fatalities.

•	 The annual area burned in inte-
rior Alaska has doubled in the 
last decade in comparison to any 

Increasing temperatures and changes in 
precipitation and snowmelt patterns are increasing 

the severity and size of wildfires in the West, 
especially in northern latitudes, including Alaska.
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“We are now completely certain 
that there is a climate signal in 
the observed fire activity.” — 
Dave Cleaves, former climate 
change advisor to the Chief of 
the Forest Service

decade since 1970, with three 
of the largest wildfire years on 
record also occurring during this 
time. 

•	 In Arizona and New Mexico, 14 
to 18 percent of the forested area 
was killed by wildfire and bark 
beetles between 1997 and 2008. 

•	 In 2011, the Wallow Fire burned 
536,000 acres of forest and 
woodland in eastern Arizona 
and western New Mexico. The 
largest recorded fire in the con-
terminous United States, this 
fire forced the evacuation of 8 
communities, involved 4,700 
firefighters, cost $109 million 
to suppress and $48 million for 
rehabilitation measures, and 
resulted in high consumption of 
organic material and extensive 
overstory mortality across much 
of the burned landscape.

Wildfire Predictions
According to the National Climate 
Assessment Report, Forest Sector 
(Vose et al 2012), wildfire will 
increase throughout the United 
States, causing at least a doubling 
of area burned by the mid-21st cen-
tury. Increased drought will exacer-
bate stress complexes that include 
insects and fire, leading to higher 
tree mortality, slow regeneration, 
and changes in species assem-
blages, especially at forest ecotones. 

Regional predictions outline details 
of change trends:

•	 In interior Alaska, the most 
important effects of climate 
change are permafrost thaw and 
changes in fire regime. South-
central Alaska is sensitive to 
climate change because of its 
confluence of human population 
growth and changing distur-
bance regimes (insects, wildfire, 
and invasive species).

•	 In the Northwest, area burned 
and biomass consumed by wild-
fire will greatly increase, leading 
to changes in ecosystem struc-
ture and function.

•	 In the Southwest, large fires and 
insect outbreaks appear to be 
increasing in frequency and spa-
tial extent. The fire-insect stress 
complex may keep many low-
elevation forests in younger age 
classes in perpetuity. Increased 
fire followed by high precipita-
tion (in winter in California; in 
early summer in much of the 
rest of the Southwest), may 
result in increased erosion and 
downstream sediment delivery.

•	 In the Great Plains, increased 
wildfire hazard, longer droughts, 
insect outbreaks, and fungal 
pathogens—individually and 
in combination—could signifi-
cantly reduce forest cover and 
vigor. Reduced tree distribution 
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will likely have a negative effect 
on agricultural systems, given 
the important role of shelterbelts 
and windbreaks in reducing soil 
erosion.

•	 In the Midwest, increased 
drought and fire occurrence are 
expected to have rapid and exten-
sive effects on the structure and 
function of forest ecosystems. 
Oak decline and invasive species 
are expected to become more 
common, contributing to stress 
complexes that include nearly 
two centuries of land use activi-
ties.

•	 Future fire potential is expected 
to increase in summer and 

autumn from low to moderate 
levels in the eastern sections in 
the South and from moderate to 
high levels in the western por-
tions of the South.

Climatologists warn us to expect 
not just increasing average tem-
peratures, but more extreme events 

and variability as climate continues 
to warm. In addition to increases 
in fire occurrence, one of our con-
cerns is the occurrence of fire that 
is outside the range of our existing 
experience, exposing firefight-
ers, communities, and important 
resources to increased risk. 

Increased drought will exacerbate stress 
complexes that include insects and fire, 

leading to higher tree mortality, slow 
regeneration, and changes in species 

assemblages, especially at forest ecotones.

The Climate Change Resource 
Center (CCRC) [http://www.
fs.usda.gov/ccrc] was cre-

ated for land managers who have 
wondered how they can address 
climate change in their work. It 
can be difficult to sort through 
the quantity of online informa-
tion on climate change to find 
scientifically vetted and trustwor-
thy sources that are also relevant 
from a land management per-
spective. The CCRC Web site was 
created to fill this need. It serves 
as an online portal to credible 
information focused on climate 
change effects and approaches to 
adaptation and mitigation in for-
ests and grasslands. The Web site 
has recently been updated with a 
new look, more resources, and a 
better experience for users.

Because different management 
professionals may approach the 
subject of climate change from 
different perspectives, the CCRC 
sorts information into topics that 

The Climate Change Resource Center (CCRC)
natural resource managers might 
find interesting.  For example, topic 
pages focus on issues such as wild-
land fire, insect and bark beetle dis-
turbances, forests and carbon stor-
age, and many others.  Each topic 
synthesis explains how the subject 
is affected by or related to cli-
mate change and provides options 
that are available to managers to 
respond to those effects. For exam-
ple, the wildland fire page gives a 
brief overview of the use of thin-
ning and surface fuel treatments 
as a way to reduce fire severity and 
hazard and considerations as to 
where and when these treatments 
may be appropriate. More context-
specific detail is provided through 
references, recommended reading, 
and links. Each topic page is writ-
ten by a subject-matter expert and 
is peer reviewed to ensure scientific 
validity. 

The Climate Basics section can help 
introduce people to how climate 
change is expected to affect land 

management. Videos cover topics 
ranging from how disturbances 
like fire and insects are affecting 
the carbon cycle to the effects 
of wildfire on fish populations. 
These videos can serve as train-
ing resources or as ways to spark 
group discussion about possible 
management strategies in a par-
ticular forest or area. 

The CCRC began in 2008 as 
an effort of Forest Service 
Research and Development in 
the Western United States.  The 
center has since evolved into 
a national resource, supported 
by the Forest Service Climate 
Change Advisor’s Office and 
Forest Service Research and 
Development and managed by 
the CCRC Production Team,  
with input from the manage-
ment community. To contact  
the CCRC with questions or  
suggestions, please email to 
ccrc@fs.fed.us.
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Changing patterns of tempera-
ture and moisture also contribute 
to fire indirectly. Higher insect 
populations, such as mountain 
pine beetle, increase due to warmer 
winters, and drought-stressed trees 
are less able to resist insect attack. 
Extensive areas of dead and dying 
trees that result contribute to fire 
hazard.

Interactions of fire and other stress-
ors (drought, insects, and inva-
sive species) have the potential to 
cause significant changes in forest 
structure, productivity, and carbon 
storage across extended landscapes. 
Increased frequency and severity 
of fire in some ecosystems may 
cause long-term changes in species 
distribution and abundance. This 
may already be occurring in some 
parts of Alaska and the American 
Southwest.

The President’s Climate 
Action Plan
The President’s climate action 
plan directs us to preserve the role 
of forests in mitigating climate 
change by reducing wildfire risk 
and managing forests to be more 
resilient and to expand forest and 
rangeland restoration efforts in 
order to make natural areas and 
communities less vulnerable to 
catastrophic fire. How is the Forest 
Service responding to this man-
date?

Wildfire Management in the 
Forest Service
In wildfire management, we have 
a few basic tools: we manage fuels 
and vegetation to mitigate fire 
risks; we can exercise a variety of 
suppression tactics; and we have 
collaborative work with communi-
ties to increase community resil-
ience and preparedness—to create 

fire-adapted communities. These 
tools line up with the key areas 
identified in the National Cohesive 
Wildland Fire Management Strategy 
(WFLC 2010): resilient landscapes, 
fire-adapted communities, and safe 
and effective wildfire fire response.

The fire management community 
in general is very good at sup-
pression: about 98 percent of fires 
are suppressed in initial attack. 

to live with fire: that is, to create 
conditions where fire can visit a 
site with less than devastating out-
comes. That is the goal of our fuels 
management program, as well as 
our work with partners—States and 
communities – in helping commu-
nities adapt to wildfire. 

Our adaptive strategies are not fun-
damentally different under chang-
ing climate conditions, but climate 
change gives urgency to our efforts. 
We thin dense stands to reduce 
drought stress, we remove surface 
fuels (litter and woody debris), 
and we remove small trees (ladder 
fuels). We reintroduce fire to stands 
where it has been excluded, using 
prescribed fire under moderate con-
ditions rather than waiting until 
a wildfire occurs under extreme 
conditions. All of these strategies 
remain cornerstones of fuel man-
agement.

Ecology 
In a changed climate, we can no 
longer look solely to historical con-
ditions to define a desired end-state 
for our management activities, 
although these conditions continue 
to direct our understanding of nat-
ural processes. We have to acknowl-
edge that landscapes are changing 
and strive to manage forests so 
that they are still healthy and still 
resilient, even though changed, 
and so that they still provide their 
many benefits to society. Human 
settlement, land use change, and 
invasive species have also altered 
the landscapes we live in and man-
age. Climate change accelerates 
this landscape change. In order to 
practice sustainable land manage-
ment in a changing world, we need 
to be committed to adaptive man-
agement, and we need to continue 
our investments in monitoring and 
in research.

The fire-adapted 
community, in effect, 
becomes part of a 

resilient ecosystem—
at least in terms 
of wildfire—and 

survives without major 
intervention.

However, recent trends in large 
fires show that this success rate 
may not be sustainable. In spite of 
ramped-up capacity, we are seeing 
more large fires and more acreage 
burned. On average, there were 
seven times as many fires per year 
greater than 25,000 acres in the 
last decade when compared to the 
1970s. In fact, responding to large 
fires can swamp our capacity to 
prepare for them. For example, the 
Wallow Fire in Arizona in 2011 cost 
more than $100 million to sup-
press, equivalent to about a third 
of our entire annual national bud-
get for managing fuels to mitigate 
wildfire risk.

In light of increasing trends in 
large fire occurrence, we need to 
continue to ramp up our long-
term commitment of increasing 
both community and ecological 
resilience—to increase our ability 
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When we respond to wildfire, we 
look for opportunities to let wildfire 
do its ecologic work. In some cases, 
rather than direct suppression tac-
tics, we are able to monitor wildfire 
and stop its spread toward values 
at risk, even while it continues its 
ecologic role elsewhere. 

Ideally, where a community is fully 
adapted to wildfire and the land-
scape near them is resilient, the fire 
simply burns around them, causing 
no damage and, thus, reducing risk 
to civilians, firefighters, and prop-
erty. The fire-adapted community, 
in effect, becomes part of a resil-
ient ecosystem—at least in terms 
of wildfire—and survives without 
major intervention. The wildfire 
leaves behind an area that is less 
flammable, making the landscape 
more resilient in the face of the 
next wildfire and mitigating future 
risk. 

Adapting Management to the 
Landscape
In some ecosystems, we want to 
mimic a natural system of more 
frequent but less damaging fire, 

while in others, we want to break 
up a continuous age class into a 
mosaic of age classes on the land-
scape to spread positive and nega-
tive effects of fire across time and 
space. We can’t eliminate fire from 
our landscapes, but we can hope to 
manage our landscapes and our-
selves so that we are less negatively 
impacted by fire.

In some places, there is a role for 
harvest and biomass utilization in 
mitigating fire risk. Unfortunately, 
at a landscape scale, the costs of 
harvesting and transporting bio-
mass often make them economi-
cally infeasible. The materials that 
contribute most to wildfire risk 
are branch-wood, forest floor litter 
and woody debris, and small trees: 
not generally valuable materials. 
Possibly, new technology—for 
example, portable pyrolysis units 
that can operate near the source of 
the material to produce liquid fuel 
and biochar—can eventually help 
with this problem. Policy incentives 
that encourage renewable energy 
may also result in increased oppor-
tunities for biomass to “pay its way” 

out of the woods. These options 
have a potential added benefit in 
reducing fossil fuel emissions. 

The Long View
Foresters and land managers are 
trained to take the long view; our 
Forest Service mission has always 
stressed this. Responding to climate 
change is a commitment to the 
future. Our strategies for managing 
wildfire in a changing climate sup-
port the Forest Service mission, “to 
sustain the health, diversity, and 
productivity of the Nation’s forests 
and grasslands to meet the needs of 
present and future generations.” 
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Success Stories Wanted!
We’d like to know how your work 
has been going!  Provide us with 
your success stories within the state 
fire program or from your individual 
fire department.  Let us know how 
the State Fire Assistance (SFA), 
Volunteer Fire Assistance (VFA), the 
Federal Excess Personal Property 
(FEPP) program, or the Firefighter 
Property (FFP) program has benefit-
ed your community.  Blogs should 
be between 100-200 words, Articles 
should be between 500-1,000 words, 
and Feature Articles should be be-
tween 1,500-2,000 words.

Submit your feedback, articles, stories, and photographs by email 
or traditional mail to:

USDA Forest Service
Fire Management Today

201 14th Street, SW
Washington, D.C. 20250
Email: firemanagementtoday@fs.fed.us

If you have any questions about your submission, you can 
contact one of the FMT staff at the email address above.
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T he Forest Service Research 
All-Station Coordinated Tribal 
Climate Change Research 

Project is an interstation collabora-
tion created to better understand 
and respond to tribal research 
needs and to learn from American 
Indian and Alaska Native experi-
ences related to climate change 
impacts on indigenous lands. The 
coordinated project works in part-
nership with tribes and intertribal 
organizations to address climate 
change vulnerabilities and to sup-
port the sharing of knowledge in 
ways determined by tribes. So far, 
the effort has identified key tribal 
climate change research and infor-
mation needs, shared research 
findings, co-hosted workshops, pro-
vided training, and contributed to 
the National Climate Assessment. 
Some Forest Service research sta-
tion scientists participate as com-
mittee members of Landscape 
Conservation Cooperatives and are 
exploring the relationship between 
western science and tribal tradi-
tional knowledge within Federal 
Government climate change strate-
gies. Climate change and wildland 
fire science and management are 
two topics of mutual interest.

Research and 
Development Tribal 
Engagement Roadmap
Forest Service Research and 
Development (R&D) recently 

Forest Service Coordinated Tribal Climate 
Change Research Project
Linda E. Kruger and Kathy Lynn

Linda Kruger is a research social scientist 
at the Forest Service, Pacific Northwest 
Research Station, and Kathy Lynn is the 
tribal climate change project coordinator 
at the University of Oregon.

released a Tribal Engagement 
Roadmap to support and imple-
ment the goals and objectives of 
the agency-wide Tribal Relations 
Strategic Plan. The Tribal 
Engagement Roadmap has five 
objectives and accompanying 
actions to achieve the objectives.
 
1.	 Build new and enhance exist-

ing partnerships with tribes, 
indigenous and native groups, 
tribal colleges, tribal communi-
ties, and intertribal organiza-
tions. Actions include engaging 
with tribal colleges and tribal 
institutions to develop research 
partnerships, conduct joint 
research, and co-sponsor forums 
and training that is culturally 
appropriate and effective. In 
September 2014, the Forest 
Service, Pacific Northwest 
Research Station partnered 
with the Institute for Tribal 
Environmental Professionals 
to sponsor a Climate Change 
Adaptation Training session 
hosted at the offices of the 
Columbia River Inter-Tribal Fish 
Commission in Portland, OR. 

	 In California, Forest Service 
Research Ecologist Frank Lake 
is providing scientific sup-
port for the Western Klamath 
Restoration Partnership. This 
partnership involves the Karuk 
Tribe, local watershed and fire 
safe councils, and national 
forests with support from The 
Nature Conservancy’s California 
Klamath-Siskiyou Fire Learning 
Network. The goal and initial 
efforts have been to identify, 
across a 1.2 million-acre area, 

“zones of agreement” for the 
prioritization of hazardous fuels 
and wildland fire management 
actions that incorporate agency, 
tribal, community, industry, 
environmental, and other pub-
lic stakeholders’ values. As an 
integrated plan for restoring 
fire-adapted landscapes, this 
“all lands, all hands” approach 
is a collaborative effort that 
addresses wildland fire research 
and management, watershed 
restoration, and climate change 
adaptation needs of the region. 

2.	 Institutionalize tribal trust 
responsibilities and engage-
ment within Forest Service 
R&D. Actions include staff 
training on requirements and 
authorities including tribal 
engagement, consultation, 
Federal Indian Law, and pro-
cedures for the protection of 
traditional ecological knowl-
edge and intellectual property 
rights. Research Memorandums 
of Understanding and 
Memorandums of Agreement 
will be developed with tribes to 
clarify procedures and responsi-
bilities. Researchers will reach 
out to tribes when setting 
research priorities, designing 
and implementing projects, and 
analyzing and disseminating 
results. For example, The Aldo 
Leopold Wilderness Research 
Institute initiated a Research 
Joint Venture Agreement with 
the Confederated Salish & 
Kootenai Tribes for research on 
climate change uncertainty and 
fire management plan revision.
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3.	 Increase and advance tribal and 
indigenous values, knowledge, 
and perspectives within Forest 
Service R&D, including both 
operational and research activi-
ties. Actions include encourag-
ing tribal representation in the 
agency’s workforce through 
recruitment and outreach, the 
Pathways Program, internships, 
and other programs. Provide 
training and professional devel-
opment within the workforce 
and in the tribal community. 
Engage with students in men-
toring and educational activi-
ties. 

4.	 Network and coordinate within 
R&D and across deputy areas 
to increase agency and R&D 
program efficacy. Actions 
include establishing points of 
contact to increase and advance 
communication with tribes and 
develop a process for coordinat-
ing and sharing research activi-
ties and findings between and 
among stations and with tribes. 
The All-Station Climate Change 
and Tribal Research Project 
responds to this objective. The 
Forest Service was a sponsor of 
the First Stewards Symposium, 
held July 21–23, 2014, in 
Washington, DC. 

5.	 Through collaborative and 
participatory approaches with 
tribes and tribal organizations, 
advance research on shared 
topics of interest. Federal and 
tribal managers, scientists, and 
tribal elders worked together to 
sponsor a workshop on wildland 
fire. The workshop was held on 
the Flathead Indian Reservation 
of the Confederated Salish 
Kootenai Tribes in western 
Montana with funding from the 
Joint-Fire Sciences Program. At 
the workshop, tribal elders and 

Federal and tribal managers and 
scientists discussed the integra-
tion of tribal stewardship and 
traditional knowledge in wild-
land fire management (Mason et 
al. 2012). 

Regular network emails provide 
links to funding and training 
opportunities, webinars, and 
meetings of possible interest to 
network members. The Web site 
(http://tribalclimate.uoregon.edu) 
also provides tribal profiles, links to 
publications and presentations, and 
an extensive and frequently updated 
funding guide. The tribal profiles 
recognize the increasing number of 
innovative tribal efforts to address 
climate change through climate 
change assessments, adaptation, 
and mitigation.  The profiles 
are intended to be a pathway to 
increasing knowledge among 
tribal and nontribal organizations 
interested in learning about climate 
change mitigation and adaptation 
efforts. To join the network, contact 
Kathy Lynn, tribal climate change 
project coordinator, at kathy@
uoregon.edu. Research social 
scientist, Linda Kruger (lkruger@
fs.fed.us.), is the Pacific Northwest 
Research Station contact for the 
network.

Southwest Tribal 
Climate Change 
Network
The Southwest Tribal Climate 
Change Network was established 
in 2011 and is coordinated by the 
Institute for Tribal Environmental 
Professionals (ITEP). The 
Southwest Network is funded by 
the Rocky Mountain Research 
Station to identify tribal climate 
change efforts in Arizona and New 
Mexico, to assess research and 
information needs, and to develop 
strategies to meet those needs. 

Through this project, ITEP has 
designed and delivered workshops 
to build knowledge and foster dia-
logue about needs and opportuni-
ties for tribes to engage in climate 
change planning and action. ITEP 
also develops climate change out-
reach materials and has coded tran-
scribed recordings of oral history 
interviews with long-time Colorado 
Plateau residents. The network 
shares resources to facilitate tribal 
climate change efforts on quarterly 
conference calls. The network is 
open to tribes, tribal organizations, 
agencies, and other interested 
individuals in Arizona and New 
Mexico. ITEP also offers training 
to tribal environmental profes-
sionals to build their capacity to 
address climate change issues. The 
courses are taught by instructional 
teams that include staff from ITEP, 
Federal agencies, universities, and/
or organizations, and most impor-
tantly, tribal environmental profes-
sionals who share their expertise 
and experience. ITEP also produces 
a monthly Tribal Climate Change 
Newsletter with news items, 
resources, announcements about 
funding opportunities, conferences 
and training, and other information 
relevant to tribal climate change 
issues. For information, to join the 
Southwest Network, or to sign up 
for the ITEP newsletter, contact 
Sue Wotkyns at Susan.Wotkyns@
nau.edu. 

Conclusion
Over the past 5 years, the Forest 
Service Research All-Station 
Coordinated Tribal Climate Change 
Research Project has contributed 
to an increased understanding of 
the issues that many tribes are con-
fronting, as well as building new 
partnerships between the Forest 
Service and tribes to work together 
to identify and plan for climate 
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impacts. Support for efforts such 
as the Guidelines for Considering 
Traditional Knowledges in Climate 
Change Initiatives (Climate and 
Traditional Knowledges Workgroup 
2014) and a synthesis of literature 
on climate change and traditional 
knowledge (Vinyeta and Lynn 2013) 
are resulting in tools and resources 
that will help Federal agency man-
agers to engage in tribally led ini-
tiatives to address climate change. 

The Coordinated Tribal Climate 
Change Research Project contrib-
utes to the overall Coordinated 
Climate Change Research Strategy.  
Pacific Northwest Research Station 
scientist David Peterson summa-
rized the following lessons learned 
in implementing the Coordinated 
Climate Change Research Strategy: 

•	 Ongoing communication among 
all parties involved in assess-
ments and adaptation strategies 
is critical.

•	 There is no substitute for face-
to-face meetings for good com-
munication.

•	 Authorization and buy-in by 
leadership are critical for proj-
ects to move forward.

•	 Projects need to be customized 
for the needs and preferences of 
local management units, other-
wise the process will not work.

•	 A strong 1- to 2-year commit-
ment is needed by the primary 
management units involved.

•	 Enduring science-management 
partnerships will have the big-
gest impact on long-term imple-
mentation of assessments.

•	 Knowing the potential applica-
tions of assessment and adapta-
tion information at the start of 
the project is critical for success-
ful implementation.

•	 An excellent project Web site is 
critical.

There are opportunities to bring 
together the Coordinated Tribal 
Climate Change Research Project 
and the Coordinated Climate 
Change Research Strategy by 
engaging tribes as partners in 
several current adaptation efforts 
including the Blue Mountains 
Adaptation Partnership, the 
Northern Rockies Adaptation 
Partnership, and the North 
Cascadia Adaptation Partnership. 
Several partnership goals mirror 
the goals of the Coordinated Tribal 
Climate Change Research Project 
and include assessing vulnerability 
of cultural and natural resources, 
developing science-based adapta-
tion strategies, and incorporating 
climate change adaptation into land 
management. 
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Introduction

Occurrences of large and some-
times extreme and erratic 
wildfires in the United States 

in recent years have raised specula-
tion about what projected future 
climate conditions might mean 
for future wildfire activity and fire 
weather in different regions of the 
United States.  This speculation 
has led to studies by the scientific 
community on the possible link-
ages between long-term global and 
regional climate change and chang-
es in the frequency of occurrence 
of short-term weather events that 
are conducive to large fires and/
or erratic fire behavior.  In particu-
lar, researchers at Michigan State 
University and the Forest Service’s 
Northern Research Station worked 
on a joint study to examine the 
possible effects of future global 
and regional climate change on 
the occurrence of fire-weather pat-
terns often associated with extreme 
and erratic wildfire behavior in the 
United States. The Haines Index 
(HI) (Haines 1988), an operational 
fire-weather index used by fire 
managers and fire-weather forecast-
ers to characterize how conducive 
middle and lower atmospheric 
moisture and thermal stability con-
ditions are to extreme and erratic 
fire behavior, was computed from 
multiple future climate projections.  

Researchers at Michigan State University and 
the Forest Service’s Northern Research Station 
worked on a joint study to examine the possible 

effects of future global and regional climate 
change on the occurrence of fire-weather 

patterns often associated with extreme and 
erratic wildfire behavior in the United States.

Potential Climate Change Impacts on  
Fire Weather in the United States
Warren E. Heilman, Ying Tang, Lifeng Luo, Shiyuan Zhong, Julie A. Winkler, and Xindi Bian

Warren E. Heilman is a research meteo-
rologist, and Xindi Bian is a meteorologist 
for the Forest Service, Northern Research 
Station. Ying Tang is a Ph.D. graduate stu-
dent, Lifeng Luo is an assistant professor, 
and Julie A. Winkler and Shiyuan Zhong 
are professors at Michigan State University, 
Department of Geography. 

Published results from that study 
can be found in Luo et al. (2013) 
and Tang et al. (2015).  This article 
provides a summary of the method-
ology, key results, and conclusions 
from those publications.

Methods
To investigate potential changes in 
regional fire-weather conditions 
as a result of climate change, we 
incorporated a subset of the suite 
of North American regional climate 
change projections that are cur-
rently available from the North 
American Regional Climate Change 
Assessment Program (NARCCAP).  
NARCCAP is an international 
program designed to develop 
high-resolution climate-change 
simulations covering the North 
American continent using a suite 
of regional climate models (RCMs). 
The RCMs are driven by a number 
of different coupled global-scale 
atmosphere-ocean general circula-
tion models (AOGCMs) (Mearns et 
al. 2009, 2012).  For our study, we 
used NARCCAP regional climate 
simulation data for the “current” 
climate (1971–2000) and obtained 

the future climate (2041–2070) 
from six AOGCM-RCM combina-
tions involving three RCMs and 
three AOGCMs.  The RCMs includ-
ed the Regional Climate Model, 
version 3 (RCM3; Pal et al. 2007), 
the Canadian Regional Climate 
Model (CRCM; Caya and Laprise 
1999), and the Weather Research 
and Forecasting model (WRF; 
Skamarock et al. 2005), all with a 
horizontal grid spacing of 31 miles 
(50 km).  The driving AOGCMs 
included the Geophysical Fluid 
Dynamics Laboratory (GFDL) gen-
eral circulation model (Delworth 
et al. 2006), the Canadian Global 
Climate Model, version 3 (CGCM3; 
Flato 2005), and the National 
Center for Atmospheric Research 
(NCAR) Community Climate 
System Model, version 3 (CCSM3; 
Collins et al. 2006).  For the future 
climate (2041–2070) simulations, 
we forced the driving AOGCMs with 
the “A2” greenhouse gas emissions 
scenario that is consistent with 
a continuously increasing global 
population and regionally oriented 
economic growth (Nakicenovic et 
al. 2000).
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Using the 0000 Coordinated 
Universal Time (UTC) (correspond-
ing to a time of 5:00 p.m. Pacific 
Daylight Time (PDT) during the 
summer months) temperature 
and atmospheric moisture data 
obtained from the six AOGCM-RCM 
simulations of the current and 
future climates, we computed daily 
HI values at each RCM grid point.  
As described in Haines (1988), the 
HI takes on integer values rang-
ing from 2 to 6 depending on the 
instability and moisture content 
in the atmospheric layers used to 
compute the index.  HI values of 
5 or 6 indicate unstable and dry 
conditions in the lower to middle 
troposphere, a feature often asso-
ciated with extreme fire behavior 
if fires are present.  We focused 

our HI analyses on the months 
of March, August, and October, 
given that wildfires in the Eastern 
United States are more likely to 
occur in the late-winter, early 
spring, and autumn months, and 
August is usually the most active 
month for wildfire occurrence 
and area burned in the Western 
United States (Haines et al. 1975, 
Westerling et al. 2003). 

Summary of Key 
Results
In Luo et al. (2013), we exam-
ined changes in the percentage of 
August days with HI ≥ 5 at 0000 
UTC between current and projected 
future climate conditions over the 
Western United States.  The scenar-

ios obtained from the six NARCCAP 
AOGCM-RCM model simulations 
all suggest that large areas of the 
western U.S. region may see an 
increase in the frequency of HI ≥ 5 
occurrences during the month of 
August under future climate condi-
tions compared to current climate 
conditions (figure 1).  Note that 
under current climate conditions, 
it’s typical for about 40 percent of 
summer (June–August) days in por-
tions of the Western United States 
to have 0000 UTC HI values equal 
to 5 or 6 (Winkler et al. 2007, Lu 
et al. 2011).  The CRCM-CCSM3 
and CRCM-CGCM3 simulations 
used in this study project future 
atmospheric stability and mois-
ture conditions over Wyoming, 
Colorado, and New Mexico that 

Figure 1.  Changes in the percentage of days for which HI ≥ 5 at 0000 UTC during August between the current (1971–2000) and the 
future (2041–2070) climate as simulated by the CRCM (left), WRF (center), and RCM3 (right) regional climate models driven by the 
CCSM3 (top) and CGCM3 (bottom) global-scale atmosphere-ocean general circulation models.  For RCM3, CCSM3 is replaced by the 
GFDL model. (From Luo et al. 2013; © American Meteorological Society; used with permission.)
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would lead to a substantial 10- to 
26-percent increase in the per-
centage of August days having HI 
values equal to 5 or 6 (figures 1.a-
b).  More moderate increases over 
much of the Western United States 
are projected by the four remaining 
NARCCAP simulations that we used 
in this study (figures 1.c-f).   

Because occurrences of multiday 
episodes of atmospheric stability 
and moisture conditions conducive 
to extreme and erratic fire behavior 
are also of concern for fire manage-
ment activities, we examined poten-
tial changes in the persistence of 
high HI values during the month of 
August across the Western United 
States. Figure 2 shows projected 
changes in the average number of 
consecutive days in August with HI 
≥ 5 at 0000 UTC under future cli-

mate conditions compared to cur-
rent climate conditions as derived 
from the six NARCCAP modeling 
systems used in this study.  Five of 
the six simulations suggest future 
climate conditions may lead to 
large areas in the Western United 
States that experience increases in 

the duration of HI ≥ 5 events.  The 
largest increases in the length of HI 
≥ 5 events in August are projected 
by the CRCM-CCSM3 simulations, 
with events projected to last on 
average up to 7 to 9 days longer 
than the present over much of 
the Intermountain West.  Smaller 
increases are suggested by the 
other NARCCAP modeling systems.

Building upon the analyses of the 
Western United States conducted in 
Luo et al. (2013), we extended the 
analyses to the entire United States, 
as presented in Tang et al. (2015).  
In addition to August, we included 
the months of March and October 
in our analyses because wildfires in 
the Eastern United States are more 
frequent during the spring and 
autumn seasons.

The intent of the 
analyses is to inform fire 

and forest managers 
and policymakers of the 
possible impacts that 

regional climate change 
may have on future 

extreme fire behavior 
occurrence in the 

United States.

Figure 2.  Same as figure 1, except for changes in the average duration of consecutive days with HI ≥ 5.  (From Luo et al. 2013; © 
American Meteorological Society; used with permission.)
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Averaging the six NARCCAP simu-
lations, we found mean projected 
changes in the percentage of days 
with HI ≥ 5 at 0000 UTC over the 
entire United States to be much 
more substantial during August 
than during March or October.  The 
largest projected increases during 
August are found over regions of 
the Intermountain West, as previ-
ously mentioned in the Luo et al. 
(2013) summary, and over por-
tions of the Midwest, including 
Ohio, western Pennsylvania, West 
Virginia, and eastern Kentucky 
and Tennessee (figure 3).  Average 
projected increases in these areas 

reach as high as 10 to 14 percent, 
corresponding to an additional 3 to 
4 days each August, under future 
climate conditions, that could 
have high HI values.  Based on the 
analysis of Winkler et al. (2007) of 
current HI patterns over the United 
States, this increase would result 
in some areas of the Western and 
Eastern United States experiencing, 
on average, about 15 and 10 high 
HI days, respectively, in August 
under future climate conditions. 

For March and October, we found 
the spatial patterns of projected 
changes in the percentage of days 

having high HI values across the 
United States to be highly variable 
(-10  to +10 percent) and incon-
sistent among the six AOGCM-
RCM simulations.  Because of 
this inconsistency, the averages 
of the projected changes in high 
HI occurrence during March and 
October as computed from the 
six AOGCM-RCM simulations are 
relatively small (<5 percent).  This 
inconsistency limits our confidence 
in concluding from this study that 
regional climate change in the 
United States will lead to specific 
changes in the occurrence of atmo-
spheric conditions conducive to 

Figure 3.  Changes in the percentage of days for which HI ≥ 5 at 0000 UTC during August between the current (1971–2000) and 
the future (2041–2070) climate based on an average of the North American Regional Climate Change Assessment Program climate 
simulation results from six different coupled AOGCM-RCM modeling systems reported in Tang et al. (2015).
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Figure 4.  Same as figure 3, except for changes in the average duration of consecutive days with HI ≥ 5.

extreme fire behavior during the 
spring and autumn seasons.  

The ensemble of AOGCM-RCM pro-
jections in Tang et al. (2015) also 
suggest that future climate condi-
tions could lead to longer dura-
tion summertime high HI events, 
not only in the Intermountain 
West region as noted in Luo et al. 
(2013), but also over the southern 
Great Plains (figure 4).  Averaging 
over the six AOCGM-RCM model-
ing systems used in our study, we 
found projected mean increases in 
the average length of HI ≥ 5 events 
during August to be as high as 4 

to 5 days over portions of Texas, 
Oklahoma, Colorado, Utah, Arizona, 
and New Mexico.  No areas of the 
United States are projected to have 
decreases in the mean length of 
HI ≥ 5 events during August.  For 
March and October, the average of 
the six AOCGM-RCM projections 
yielded changes in the duration of 
high HI events that are minimal (0 
to 2 days) across the entire United 
States.  Again, this result is a reflec-
tion of the substantial variability 
and inconsistency in the computed 
spring and autumn HI patterns 
across the United States between 
the different AOGCM-RCM simula-
tions.

Conclusions
The analyses of Luo et al. (2013) 
and Tang et al. (2015) provide new 
insight into how changing climate 
conditions could affect future fire 
weather in the United States, par-
ticularly during the summer season 
when wildfires are common in the 
Western United States.  Potential 
summertime increases in the num-
ber of days having high HI values 
and the number of consecutive 
days with high HI values over por-
tions of the Western United States, 
as highlighted in these analyses, 
suggest more frequent extreme 
wildfires are a possibility there. 
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However, substantial variability 
and inconsistency in the patterns 
of high HI occurrence during the 
months of March and October, as 
derived from six regional climate 
projections, make it more difficult 
to offer definitive statements on the 
likelihood of future atmospheric 
conditions being more conducive 
to extreme wildfires in the United 
States during the spring and 
autumn seasons.

We recognize that other factors 
such as fuel conditions and fire-
suppression activities also affect the 
risk of large and extreme wildfires.  
We also recognize the limitations in 
using only one fire weather index 
in our analyses instead of a suite 
of indices to characterize current 
and future fire weather.  The use 
of regional climate simulation data 
at 31-mile (50-km) resolution for 
analyses of fire-weather patterns, 
particularly over areas of complex 
terrain and significant land-cover 
variations, adds further uncer-
tainty to the fire-weather projec-
tions.  Nevertheless, the analyses 
of Luo et al. (2013) and Tang et al. 
(2015) do suggest potential link-
ages between climate change and 
fire weather. The intent of the 
analyses is to inform fire and for-
est managers and policymakers of 
the possible impacts that regional 
climate change may have on future 
extreme fire behavior occurrence in 
the United States via atmospheric 
factors alone and to provide addi-
tional climate-science information 
for developing long-term fire and 
fuels management strategies in the 
United States.
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In the United States, wildfires 
burn millions of acres every year, 
releasing large amounts of gases 

and particles to the atmosphere. 
For example, in the summer of 
2014, six wildfires burned more 
than 135,000 acres (54,600 ha), 
polluting fairly populated areas of 
California, such as Napa County 
(Inciweb 2014). The amount of 
acres burned does not account for 
smaller and more remote fires that 
continued to burn throughout the 
State. Smoke from fires negatively 
impacts humans and ecosystems. 
While direct smoke inhalation is 
potentially lethal, sublethal con-
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Figure 1.  An example of Yosemite National Park during a clear day (left) versus a hazy day, showing air quality degradation from 
wildfire smoke (right).  Photo: Interagency Monitoring of Protected Visual Environments <http://vista.cira.colostate.edu/improve/>.

centrations adversely affect human 
health for particularly sensitive pop-
ulations (e.g., children and elderly) 
in both the short and the long term, 
and for individuals who are occu-
pationally exposed and may inhale 
smoke under conditions of highly 
aerobic physical activity. Smoke 
particles with aerodynamic diameter 
below 2.5 micrometers (i.e., PM2.5) 
are particularly toxic since they 
can penetrate into the lungs, with 
protracted effects from even a single 
exposure (Pope et al. 2002).

Smoke concentration levels near 
the fire are of primary concern for 
human health. In addition, smoke 
can be transported hundreds of 
miles downwind by prevailing 
winds or convective winds gener-
ated by fires themselves with con-
centrations sufficient to make it the 
most significant source of air pol-
lution over large areas (Val Martin 
et al. 2013). Smoke from long-dis-
tance fires can also adversely affect 

visibility in national parks and wil-
derness areas designated federally 
as “Class I” because of their pristine 
air quality. In these Class I protect-
ed areas, within both the Western 
and the Southeastern United States, 
conditions of lower visibility are 
most often associated with wildfires 
upwind (figure 1) (U.S. EPA 1999).

Fire activity is strongly related to 
weather and climate. Observations 
over the Western United States 
have shown an upward trend of 
area burned resulting from increas-
ing fire activity, most likely due to 
climate change (Westerling et al. 
2006). In California, which is expe-
riencing intense drought condi-
tions, 4,172 wildfires were recorded 
from January to August 2014, a 
30-percent increase from the aver-
age of 3,198 fire events from the 
previous 5 seasons. Current model-
ing efforts consistently suggest that 
fire activity will continue to rise 
dramatically over the next century 
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Smoke can be 
transported hundreds 

of miles downwind 
by prevailing winds 
or convective winds 
generated by fires 
themselves with 

concentrations sufficient 
to make it the most 
significant source of 

air pollution over large 
areas (Val Martin et al. 

2013).

(Xue et al. 2013). Climate-driven 
changes in fire emissions can be 
an important factor controlling 
PM2.5 concentrations. For example, 
previous studies have projected 
that increased fire activity over the 
Western United States will nearly 
double carbonaceous aerosol by 
2050 and produce a significant 
increase in annual mean PM2.5 and 
haze (Spracklen et al. 2009, Xue et 
al. 2013). 

Current meteorological conditions, 
such as high temperature, low pre-
cipitation, and low relative humid-
ity, affect the extent of area burned 
by fires, regardless of whether the 
fires are started by lightning or by 
human activity (Westerling et al. 
2006). In addition, meteorological 
conditions experienced during the 
months or years preceding the fire 
may influence the amount of fuel 
and fuel moisture, which in turn 
can significantly affect the area 
burned (Westerling et al. 2006). On 
the other hand, land-use manage-
ment and fire suppression may help 
reduce wildfire severity (Prichard 
et al. 2010, Kloster et al. 2010). 
Addressing these concerns requires 
coupling of climate, vegetation, and 
fire models. 

Fire models have been used in 
recent years to simulate present 
day and future fire activity and 
emissions. These fire parameteriza-
tions were developed by regressing 
meteorological variables and fire 
indexes onto observed area burned 
(Spracklen et al. 2009) by empirical 
functions based on state variables 
such as soil moisture, temperature, 
relative humidity, and road and 
population density (Thonicke et al. 
2001, Crevoisier et al. 2007) or by 
complex process-based fire param-
eterization schemes (Li et al. 2012). 
Current estimates of increased 
area burned, however, show little 

consistency across models, with 
ranges from 50 to 150 percent in 
2050 to 20 to 100 percent in 2100. 
In addition, and quite surprisingly, 
only two studies to date (Spracklen 
et al. 2009, Yue et al. 2013) have 
projected the effects of future fires 
on surface air quality. These papers 
only focused on the effects of wild-
fires on black carbon and organic 
aerosol over the Western United 
States and at a rather coarse (~250 
x 311 miles [~400 x 500 km]) spa-
tial resolution.

provide this increased horizontal 
resolution, but cannot simulate 
closed systems, such as atmo-
spheric, oceanic, and land-surface 
processes and their interactions. 
For this reason, these models need 
to be fed by boundary conditions 
obtained from global model out-
puts, with potential biases intro-
duced when “downscaling” climate 
projections from the global to the 
regional model.

Under the scope of a 2014 Joint 
Fire Science Program Grant, we are 
currently investigating future wild-
fire activity and consequences on 
air quality over the United States. 
In this study, we focus on major air 
pollutants, such as PM2.5 and ozone, 
and employ the global Community 
Earth System Model (CESM) 
using an unprecedented fine 
scale (31 x 31 mile [50 × 50 km]) 
with the new Intergovernmental 
Panel on Climate Change (IPCC) 
Representative Concentration 
Pathway (RCP) climate projections. 
We have incorporated into the 
model a complex fire parameteriza-
tion (Li et al. 2012) directly coupled 
with the climate projections to bet-
ter predict future areas burned and 
fire emissions, including changes in 
biogenic emissions and vegetation. 
We also take into account projec-
tions in anthropogenic emissions 
(figure 2).  

Our approach of using a high-
resolution global model is preferred 
to downscaling climate projec-
tions to drive a regional model 
because: (1) CESM is producing 
self-consistent and fully coupled 
simulations, where the climate 
dynamics drive natural emissions, 
including also fire emissions, and is 
directly linked to air quality; (2) the 
31- x 31-mile (50- × 50-km) resolu-
tion is comparable to that of many 
regional models; and (3) CESM is 

To project fire smoke impacts on 
air quality due to climate change 
over the United States at the 
regional scale, climate inputs at 
resolutions fine enough to capture 
the spatial variability of both cli-
mate and land cover are required 
(McKenzie et al. 2014). Global 
atmospheric and climate models 
typically run at horizontal grid 
spacing of 62 x 311 miles (100 to 
500 km). However, grid resolutions 
of 2.5 to 22 miles (4 to 36 km) 
better capture spatial variability, 
although local phenomena impor-
tant for fire are not resolved even at 
these smaller scales (McKenzie et 
al., 2014). Regional climate models 
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also accounting for changes in fire 
emissions from regions outside the 
United States, such as Mexico and 
Canada, to simulate air quality over 
the United States.

With this project, we aim to quan-
tify potential changes in fire occur-
rence and severity resulting from 
changes in climate in the mid-
21st century, develop global daily 
averages of area burned and fire 
emissions at 31- x 31-miles (50- × 
50-km) for the mid-21st century to 
be used in future regional modeling 
studies, and quantify future contri-
butions from fires to ambient levels 
of PM2.5 and ozone over different 
regions of the United States. The 
research project will be finalized 
September 2016.
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Figure 2.  Diagram of our modeling approach to project fire smoke impacts on air quality 
due to climate change. The fire parameterization used in the study is depicted in the flow 
chart and summarized as fire spread, occurrence, and impact. Thin lines connect mainly 
the elements of the fire parameterization and thick lines connect main items of the 
modeling system. Flowchart adapted from Li et al. 2012.
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It’s difficult to imagine that 
Smokey Bear celebrated his 70th 
Anniversary in August 2014.  Most 

of us were introduced to Smokey 
Bear and fire prevention through 
childhood school programs and 
public service announcements on 
television and radio.  As firefight-
ers, land managers, and stewards of 
public lands, we have an apprecia-
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tion of the role that the Smokey 
Bear program has in preventing 
accidental, human-caused wildfires.  
Over these 70 years, like any pro-
gram with a similar longevity, there 
has been an evolution to remain 
relevant and effective with the 
changing times.  

To put this in perspective, when 
Smokey Bear was created, our 
Nation was in the midst of World 
War II, the population of the United 
States was approximately 133 mil-

lion, and the average cost of a 
gallon of gasoline was 15 cents. 
Today, advances in technology give 
us many options and mediums to 
use to communicate fire preven-
tion messages. The Smokey Bear 
program has always been about 
promoting a sense of personal 
ownership in preventing accidental 
wildfires. In 2001, the slogan “Only 
You Can Prevent Forest Fires” was 
modified to “Only You Can Prevent 
Wildfires” and still serves to instill 
a sense of individual responsibility.  

1944 1953 1966

1989 2014
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Program evolution is about main-
taining effective communications, 
keeping fire prevention messages 
relevant, and involving the public 
and stakeholders in community fire 
prevention programs.   

In 2013, the “bear hug” campaign 
was launched and was intended to 
thank individuals for doing their 
part in taking correct actions 
towards the prevention of wildfires.  
The most recent Smokey Bear 
campaign commemorates his 70th 
birthday with a continuation of the 
“bear hug” theme showing individ-
uals returning the hug and wishing 
Smokey Bear a happy birthday and 
thanking him for all his fire preven-
tion contributions over the years.  

The Cooperative Fire Prevention 
Program (CFPP) partners—the 
Advertising Council, the National 
Association of State Foresters, and 
the Forest Service—are responsible 
for managing and maintaining the 
relevance of the Smokey Bear pro-
gram. Some recent changes to the 
Smokey Bear program include the 
development of advertising cam-
paigns with an increased focus on 
educational content.  Traditional 
and social media tools are used 
to disseminate messages with the 
goal of adjusting human behav-
iors to reduce accidental wildfires. 
Public service announcements and 
the increased use of social media 
allow us to deliver fire prevention 
messages in a variety of formats 

to a wide demographic.  In-person 
appearances by Smokey Bear with 
localized fire prevention educa-
tion messaging are still a vital part 
of the program and an essential 
component for developing lasting 
partnerships with communities and 
stakeholders.   

On average, 9 out of 10 wildfires are 
caused by humans, so we will con-
tinue our wildfire prevention work 
with our partners and with Smokey. 
All of these combined efforts have 
helped reduce the number of acci-
dental, human-caused wildfires. For 
more information on the Smokey 
Bear program, visit http://www.
smokeybear.com/.  
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Wildfire is often a naturally 
occurring process, hence the 
term “natural hazard,” but 

unlike other natural, potentially 
disastrous weather-related events, 
such as hurricanes, tornadoes, and 
floods, there are two critical human 
elements unique to a wildfire: it is 
the only natural hazard that can be 
directly caused by intentional (or 
even unintentional) human actions, 
and it is also the natural hazard 
that humans have been most suc-
cessful at controlling. According to 
National Interagency Fire Center 
(NIFC) data, on average, humans 
start 62,631 fires per year, which is 
more than 6 times the number of 
wildfires caused by lightning.  The 
distinct human elements create a 
complex and fascinating dynamic 
that has shaped our experience 
with wildfire over recent decades. 
As science and technology evolve, 
we’ve become better equipped 
to contain blazes and adopt new 
construction materials and other 
mitigation techniques that pro-
tect individual properties from the 
effects of fire. Yet, at the same time, 
population growth, expanding real 
estate development, and changing 
environmental factors are con-
tributing to the increased risk, as 
well as a greater financial impact, 
associated with property damage 
caused by wildfires. As science and 
technology continue to improve 

It has never been more important for 
homeowners to proactively evaluate 

and mitigate the wildfire risk for their 
properties.  Complete reliance on 

responders only makes the responders’ job 
more difficult, and the alternative of relying 
completely on the insurer does nothing to 

prevent a fire from damaging a home.
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over time, the ability to directly 
combat the hazard, as opposed to 
only post-disaster response, means 
there is potential to save more lives 
and protect more homes.

Historic fires provide us with an 
insight into how humans interact 
with and respond to wildfire activ-
ity. Fire size and frequency have 
changed over time and continue to 
evolve. A common thread among 
fires from 150 years ago and fires 
today, however, is the damage and 
destruction that result from these 
blazes. Several of the largest blazes 
of the last two centuries were the 
Peshtigo Fire in 1871 (Wisconsin, 
1.2 million acres), the 1881 Thumb 
Fire (Michigan, 1 million acres), 
and Idaho-Montana-Washington’s 
Great Fire (the Big Burn) of 1910 
(3 million acres). These and many 
other large-scale fires burned 
through extensive swaths of land 
and destroyed entire towns, taking 
thousands of lives in the late 19th 
and early 20th centuries. At that 
time, there was little that could be 

done to contain these blazes once 
they began, and anyone in the path 
of the fire was at the mercy of the 
wind-driven flames.

When we compare these historic 
fires with what we’ve experienced 
in the past decade, what is the 
difference, if any?  There was the 
Cedar Fire in 2003 (280,000 acres) 
and the October 2007 California 
fires (127,000 acres) (California 
Fire 2014).  More recently, in 2012, 
Colorado experienced the Waldo 
Canyon Fire (18,000 acres) and, in 
2013, the Black Forest Fire (14,000 
acres). The obvious difference is 
that the more recent fires covered 
a smaller geographic area, though 
a smaller burned area does not 
necessarily mean less destruction. 
These four recent fires alone were 
responsible for the loss of more 
than 4,500 homes and at least 25 
deaths. Were it not for the ability 
to contain and restrict the growth 
of these fires, it is likely that the 
losses would have been greater.
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Figure 2.—Annual wildfire deviation from the mean (1985–2013). 
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over this time period.  Larger fires are often an indication of more intense burns that are difficult to 

suppress. Figure 4, which again compares each year with the median or average acreage burned over 

that 29-year period, results in an obvious increase in wildfire acreage with 9 out of the last 12 years, 

indicating above average acreage lost to wildfire.  
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Figure 3.—Annual number of acres burned (1985–2013). 

 

Source: CoreLogic Graph of NIFC data (2014)  

Figure 4.—Burn deviation from the mean (1985–2013). 

 

Source: CoreLogic Graph of NIFC data (2014). 
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When comparing wildfire activity at 
different points in history, it is dif-
ficult to make direct comparisons 
due to the changes in the environ-
ment and technological advance-
ments that enable us to manage 
wildfire differently today.  Air sup-
port, hotshot firefighting crews, 
and chemical retardants were not 
readily available 100 years ago, but 
they now serve as some of the most 
valuable tools used to restrict the 
movement and growth of many 
wildfires. 

One of the most significant factors 
influencing wildfire risk is the pop-
ulation of the United States, which 
has increased from approximately 
50 million in 1880 to more than 
317 million today (U.S. Census 
Bureau 2014).  The population has 
increased sixfold in this 134-year 
span and, in turn, has increased the 
potential for property damage from 
wildfire.  The simplistic equation of 
more people = more homes results 
in more residential structures both 
within, and in closer proximity 
to, higher wildfire risk areas. As 
residential development pushes 
outward from the city boundaries, 
these urban-edge areas, commonly 
referred to as the wildland-urban 
interface (WUI), present the unique 
problem of an increase in the num-
ber of residences in precisely the 
area that, in many cases, are at the 
highest risk for wildfire.

Changes in Burn 
Patterns and 
Destruction Over 
Recent Decades
There is a continuing conversa-
tion that involves the perceived 
changes in wildfire activity within 
the last 10, 20, or 30 years. This 
more recent timeframe provides a 
comparative view of both wildfire 
activity and human response to 

these fires.  A review of NIFC wild-
fire statistics reveals an interesting 
dichotomy: based on recent activity, 
the number of wildfires that occur 
each year (1985–2013) tends to 
fluctuate, but, over the last 8 years, 
that number has trended down-
ward (figure 1). While certainly 
not conclusive, nor predictive of 
future fire activity, it does indicate 
that the annual number of fires is 
being reduced, at least temporarily. 
Figure 2 provides an examination 

of how each year’s total deviates 
from the 29-year average.  In addi-
tion to the current 8-year decline, 
it is clear that 8 out of the last 12 
years have seen a below average 
number of fires; however, that does 
not mean less destruction or fewer 
acres burned.

If the acres lost to wildfire are 
examined over the same time peri-
od, figure 3 reveals an increasing 
trend in the amount of total area 

Figure 1.—Annual number of wildfires (1985–2013).
Source: CoreLogic graph of NIFC data (2014).

Figure 2.—Annual wildfire deviation from the mean (1985–2013).
Source: CoreLogic graph of NIFC data (2014).

Figure 3.—Annual number of acres burned (1985–2013).
Source: CoreLogic Graph of NIFC data (2014) 
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Figure 3.—Annual number of acres burned (1985–2013). 

 

Source: CoreLogic Graph of NIFC data (2014)  

Figure 4.—Burn deviation from the mean (1985–2013). 

 

Source: CoreLogic Graph of NIFC data (2014). 
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ability to threaten extensive numbers of homes simultaneously, especially if they occur in the WUI. 

Figure 5.—Annual Federal fire suppression cost. 

 

Source: CoreLogic Graph of NIFC data (2014) 
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that has burned each year. Again, 
there is significant fluctuation in 
the total acreage from year to year, 
but the overall trend is towards a 
larger acreage lost to wildfire over 
this time period.  Larger fires are 
often an indication of more intense 
burns that are difficult to suppress. 
Figure 4, which again compares 
each year with the median or 
average acreage burned over that 
29-year period, results in an obvi-
ous increase in wildfire acreage in 
9 out of the last 12 years, indicat-
ing above average acreage lost to 
wildfire. 

Based on those two factors, one 
might assume that larger fires 
may be the result of a reduction in 
suppression efforts.  However, the 
amount of Federal money spent 
on suppression has increased quite 
dramatically over this time period.  

Following a trend that more closely 
parallels the increasing acreage 
burned, the annual cost of suppres-
sion reached $1 billion for the first 
time in 2000 and has only barely 
dropped below that threshold twice 
in the last 14 years. Suppression 
cost escalates along with the size of 
fires and represents the effort nec-
essary to combat these large burns 
that have the ability to threaten 
extensive numbers of homes simul-
taneously, especially if they occur 
in the WUI. 

What Increasing 
Costs Mean for the 
Insurance Industry and 
Homeowners
There are three ways to view the 
cost of wildfires. The first is by 
evaluating the cost of the response 
to a fire, usually in the form of the 

firefighting crews and equipment 
that are dispatched in an attempt to 
extinguish or suppress the progres-
sion of an active fire. Suppression 
cost has increased substantially 
in the last 30 years and is often 
charged to multiple government 
agencies at the Federal, State, and 
local levels. Barring any radical 
regulatory action, suppression costs 
are likely to increase as long as 
wildfires continue to propagate and 
as long as homes continue to be 
built in the WUI.  

The second major cost associ-
ated with wildfire is attributed 
to homeowner mitigation efforts 
that can be performed on both the 
land on which a home is built and 
on the home itself.  The Firewise 
Communities Program has its ori-
gins in the late 1980s with both the 
Forest Service and U.S. Department 
of the Interior contributing to 
the National Fire Protection 
Association’s efforts to educate 
homeowners on the correct proce-
dures for remediating their homes 
and properties. The cost of miti-
gation or remediation of a single 
property can effectively reduce the 
opportunity for wildfires to inflict 
damage. Given the tendency for 
new home construction to occur on 
the urban edge, often in the WUI, it 
would only seem logical for home-
owners to prepare by implementing 
certain changes to the buildings 
and landscaping on their property 
to help reduce the potential impact 
of a future fire.  This preemptive 
implementation is sometimes the 
most difficult for homeowners to 
adopt since it increases the cost of 
the home and the amount of annu-
al maintenance on the property, but 
it is crucial.  

The mitigation of an individual 
property can be as simple as remov-
ing wood piles from next to the 

Figure 4.—Burn deviation from the mean (1985–2013).
Source: CoreLogic Graph of NIFC data (2014).

Figure 5.—Annual Federal fire suppression cost.
Source: CoreLogic Graph of NIFC data (2014)
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home, clearing eaves and gutters of 
debris, clearing brush located near 
the home, and removing low-hang-
ing limbs from trees. Additional 
efforts can be implemented during 
the construction of a new home, 
though they can also be costly. 
Architectural decisions to install 
tile roofs instead of wood shake or 
fiberglass roofing can reduce the 
opportunity for airborne embers 
to ignite roofing material.  Fire 
retardant materials used for exter-
nal siding and decking also reduce 
the opportunities for ignition and 
contribute to a more fire-resistant 
home. Of course, the more mitiga-
tion factors that are implemented, 
the less likely a wildfire will cause 
catastrophic damage to a property. 
The downside for the homeowner is 
that each of these processes has an 
associated cost, either initially dur-
ing construction, or annually in the 
form of maintenance. It has never 
been more important for home-
owners, however, to proactively 
evaluate and mitigate the wildfire 
risk for their properties.  Complete 
reliance on responders only makes 
the responders’ job more difficult, 
and the alternative of relying com-
pletely on the insurer does nothing 
to prevent a fire from damaging a 
home. Ultimately, the reduction in 
risk for each individual home will 
have the cumulative effect of reduc-
ing the opportunity for large fires 
in the WUI to migrate throughout a 
community and will allow respond-
ers to more effectively fight these 
fires.

The third cost of wildfire to con-
sider is the actual damage done by 
the fire, often based on the damage 
or destruction of property. This cost 
is usually borne by insurance com-

panies and directly by homeowners 
through the cost of their poli-
cies. For example, the 2012 Waldo 
Canyon Fire in Colorado destroyed 
511 homes with an estimated loss 
of $453 million (NWCG et al. 2012).  
The 2003 Cedar Fire in California 
destroyed 2,232 homes with a total 
loss estimate of $1.2 billion (http://
www.fire.ca.gov). With losses like 
that, it is apparent that modern 
wildfires continue to be a costly 
natural hazard not to be taken 
lightly. 

Insurance companies are actively 
searching for ways to evaluate the 
potential for wildfire damage by 
investigating where wildfire risk 
is located and whether or not it is 
likely to affect a specific property.  
Knowing the location of the risk, 
the location of the property, and 
the likelihood that wildfire could 
migrate onto that property is the 
basis for understanding not only 
single property risk, but also risk 
concentration.  While it may be 
acceptable to write policies for a 
handful of properties in a neighbor-
hood that is at an elevated risk of 
wildfire, historic loss events have 
proven that overexposure by one 
company in an area prone to risk 
may result in disproportionally 
high losses for a single insurer.

Wildfires are part of a natural envi-
ronmental cycle and will continue 
to be a part of our planet’s process-
es along with other weather-related 
disaster events. But the unique 
ability of humans to suppress and 
contain the flames, as well as miti-
gate the damage, means we have 
an opportunity to protect against 
and reduce the risk associated with 
wildfires at a level that doesn’t exist 
in the case of other hazards. 

Over the last 15 years, there have 
been 149 wildfires that have burned 
at least 100,000 acres or more in 
the United States.  All wildfires, but 
especially those that cover a large 
geographic area, can pose a threat 
to homes.  Yet, we can reduce the 
susceptibility of property if land-
owners understand the risk and 
adopt mitigation strategies to bet-
ter prepare for wildfire activity. 
Given the propensity for newly con-
structed homes to be located on the 
edge of urban areas and often in 
close proximity to areas designated 
higher wildfire risk, it is imperative 
for homeowners, insurers, emer-
gency responders, and many others 
to realize the true threat these fires 
pose.  Using that knowledge as the 
basis for remediation and mitiga-
tion will reduce the risk for an indi-
vidual landowner and, if performed 
in combination with other resi-
dents in a community, can reduce 
the overall risk to everyone in the 
area.  As a result, the cost of wild-
fire, whether borne by the agencies 
funding suppression or insurance 
companies, will decrease.

*	 All statistical information not cited was extracted 
from the National Interagency Fire Center (2014). 
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In the fire-fuel-heavy forests of the 
Kenai Peninsula, Alaska, home-
steaders followed their dreams of 

living off the land and staked claims 
in the early 1960s. Now descen-
dants of the original pioneers live 
with their forebears and retirees 
who’ve joined the community. 

Fire danger stayed with them. 
“We’re in an isolated area with 
only one road out,” said Melody 
Newberry, a local homeowner. 
“There have been fires, and 
they’ve come about every 50 years. 
Knowing that it’s a cycle, we’ve got 
the land around the house cleared. 
We have tractors and farm equip-
ment available to make fire breaks.” 

And, the fires came. On May 
19, 2014, during unusually dry 
weather, a fire started in a popular 
recreational area near Funny River 
Road in the Kenai, near Newberry’s 
home. The wind pushed it through 
dry grasses and into insect-killed 
stands of spruce. By the end of 
the day, fire had consumed 2,500 
acres (1,000 ha). Four days later, 
the Funny River Fire, as it was now 
being called, became the Nation’s 
highest fire priority. By day 6, 
officials gave evacuation orders to 
about 1,000 households in the area. 
The fire was now at 158,585 acres 
(64, 200 ha). 

More than 750 people, including 
Type II teams, came to fight the 
fire. The Alaska Division of Forestry 
also called for a new tool to help 
fight the fire. The division asked 

Funny River Fire
Diana Campbell

Diana Campbell is a writer for the 
Geophysical Institute at the University of 
Alaska Fairbanks.

the Alaska Center for Unmanned 
Aircraft Systems Integration 
(ACUASI), part of the Geophysical 
Institute at the University of Alaska 
Fairbanks, to bring the ScanEagle 
to help monitor fire activity. The 
ScanEagle, manufactured by Insitu, 
can fly for more than 20 hours, can 
be fitted for multiple payloads of 
up to 7 pounds (3.2 kilos), and can 
cruise at between 50 and 60 knots. 
It is 5.1 feet (1.6 m) long with a 
wingspan of 10.2 feet (3.1 m) and 
can fly at altitudes of up to 22,000 
feet (6,700 m). 

The ScanEagle, which is launched 
via catapult and brought back to 
land with a catch wire, was used 
at the Funny River Fire to identify 
threats to people and structures, 
as well as to identify hot spots and 
fire boundaries from an altitude of 

1,200 to 2,500 feet (366 m to 762 
m). Infrared sensors were used to 
see through dense smoke. 

The Funny River Fire mission 
had benefits and challenges. A big 
advantage was that the ScanEagle 
could fly at night, when manned 
aircraft were grounded, to look 
for hotspots and map the fire. 
Unmanned aircraft are usually less 
expensive to operate than manned 
aircraft, but the trip to Funny River 
from Fairbanks would be a nearly 
500-mile drive across Alaska. 

Other challenges included finding a 
suitable launch location and coor-
dinating with the Federal Aviation 
Administration, the Alaska Division 
of Forestry, the U.S. Department 
of the Interior, and other fire and 
emergency government agencies.

Funny River Fire Perimeter
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The real issue facing any unmanned 
aircraft use is how to integrate the 
system into an already established 
and tightly run operation, such as 
wildfire response. In the end, none 
of the challenges really mattered, 
because people are beginning to 
see how unmanned aircraft could 
be a benefit in so many public and 
private uses.

“We see it as the wave of the 
future,” said Ty Miller, air sup-
port group supervisor for a Type 
II Division of Forestry team. “The 
possibilities are only limited by 
your mind.”

After meeting various governmental 
requirements and finding a suitable 
launch location on Melvin Tachik’s 
160-acre homestead, the ACUASI 
team finally flew the ScanEagle 
over the fire 10 days after it started. 
By then, the fire boundaries had 
grown to 160,000 acres (64,700 ha). 

The aircraft’s imagers found 15 hot 
spots within the fire perimeter that 
first night.

“It was invaluable because it can 
fly at night to look for hot spots in 
cooler evening hours,” said Celeste 
Prescott, public information officer 

with Alaska Interagency Incident 
Management. “The only other 
aircraft that could do that, which 
would be manned, would have to 
come from the Lower 48.”

The ScanEagle was also able to map 
the fire boundaries more accurately 
because it can fly at a lower altitude 
than manned aircraft, Prescott said. 

“We are happy with our first flight’s 
results, which identified some hot 
spots in locations the incident 
command asked us to check,” said 
Marty Rogers, ACUASI director and 
Funny River Fire unmanned air-
craft system (UAS) mission director. 
“After making improvements to our 

antenna, we will be able to observe 
a larger set of objectives during 
future flights.”

Rogers called in Matt Parker, of the 
Oregon-based Precision Integration 
Programs, to lead the flight team. 
A UAS team consists of a pilot-in-
command, an operator, observers, 
and support staff.  Parker is consid-
ered a ScanEagle expert, but had 
never flown one in a wildfire. 

“There are no con ops [concept 
of operations] for that,” Parker 
said. “You can’t pull something 
up and say this is how you use an 
unmanned aircraft on a fire.”

Altogether, the ACUASI team 
launched five flights, all at night. 
After the flights, the team gave 
fire officials the night’s findings in 
time for morning briefings. It soon 
became apparent that better images 
were needed, but that issue could 
only be solved by using updated 
equipment. Also, the images had to 
fit into fire management’s system 
and software.

“The university needed to have 
the opportunity to see what kind 
of data we needed,” said Miller. 
“It wasn’t the quality we needed, 
but the drone worked well; it flew 

Day of Deployment from Fairbanks

ScanEagle on a 160 acre field
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in the winds and rain. The smoke 
didn’t bother it and it’s fairly por-
table.”

“Finding out those issues is 
important to ACUASI,” said Ro 
Bailey, ACUASI deputy director. 
In late 2013, the Federal Aviation 
Administration (FAA) granted 
University of Alaska, Fairbanks 
(UAF)/ACUASI test site status, one 
of six in the United States. The 
test site, called the Pan-Pacific 
Unmanned Aircraft Systems Test 
Range Complex (PPUTRC), will 
help FAA bring unmanned aerial 
vehicles into public use. PPUTRC 
has 58 partners, with key partner-
ships among Alaska, Oregon, and 
Hawaii. The test site will collect 
data needed for the FAA to estab-
lish public use regulations for both 
unmanned aircraft and operators. 

The Funny River fire was a good 
case model, Bailey said. “I expect 
that a significant benefit from 
this real-world mission will be 
the procedures developed by FAA 
for air traffic control and the data 
gathered on how well those pro-
cedures work to protect aviation 
safety while enhancing the safety 
and effectiveness of the firefighting 
operations.” 

The Funny River Fire was not the 
first time ACUASI has been called 
upon to work on wildfire issues. In 
late 2012, the University of Alaska 
Unmanned Aircraft Program, as 
ACUASI was then known, was part 
of the United States’ largest and 
most complex prescribed burn 
research project in over 40 years. 
The unmanned aircraft team was 
part of 90 scientists who made up 
the Combustion and Atmospheric 
Dynamics Research Experiment, 
or Rx-CADRE, led by the Forest 
Service.  In the research project, 
scientists performed a prescribed 
burn on more than 3,000 acres 
(1,200 ha) of forest and grasslands 
located on Eglin Air Force Base in 
Florida in order to better under-
stand how wildfires behave. 

UAF’s aircraft — the Aeryon 
Scout, a mini quadcopter, and the 
ScanEagle — collected informa-
tion related to smoke transport, air 
quality, flame dynamics, and fire 
progression using long-wave infra-
red imagers, visible cameras, and 
an aerosol mass concentration and 
black carbon sensor. 

“In the exercise debrief, UAF’s 
support was assessed as critical 
to the overall success of this high-

priority research mission,” said 
Greg Walker, then of the University 
of Alaska’s Unmanned Aircraft 
Program. “This was the largest and 
most complex mission related to 
wildfires carried out in the United 
States since the 1960s.” 

A major logistical challenge of the 
campaign proved successful when 
up to six airborne platforms were 
deployed at once, including fixed-
wing aircraft, unmanned aircraft, 
and a gas-filled aerostat that all 
operated at various altitudes within 
the same airspace, Walker said. 

The operations gave the team a 
chance to substantially advance 
the use of unmanned aircraft sys-
tems in scientific research. The 
Rx-CADRE team recorded the fire’s 
behavior, meteorology, smoke 
particulates, and other fire phe-
nomena. All the information was 
combined into an integrated data-
base that is used worldwide for con-
trolled burns, said Roger Ottmar, 
who managed the Rx-CADRE team.

In 2009, UAF’s unmanned air-
craft group was called to the 
Crazy Mountain Complex fires 
in Alaska. The university team 
partnered with the FAA; the U.S. 
Department of Interior, Bureau 
of Land Management; and the 
Alaska Fire Service. Lightning 
strikes caused the fires, requiring 
311 employees to work the blazes 
that burned more than 440,000 
acres (180,000 ha), over 100 miles 
(160 km) north of Fairbanks, 
AK, according to the Alaska 
Interagency Coordination Center. 

A couple of ScanEagles were 
equipped with infrared cameras for 
mapping operations. The aircraft 
collected data that allowed fire 
personnel to track the progres-
sion of fires and current hot spots. 

Over 75 Hot-Spots mapped



Fire Management Today
40

This work had proven difficult 
with manned aircraft. Dense and 
widespread smoke had grounded or 
severely limited logistical support 
from the air.

With the infrared sensors aboard 
the unmanned aircraft, opera-
tors identified where the edge of 
the fire was, noted Bailey. This 
information was used to improve 
fire map accuracy. The infrared 
cameras performed exceptionally 
well. The equipment has the abil-
ity to peer through dense smoke 
as the unmanned aircraft fly above 
active fires. The call-out made the 
University of Alaska the first entity, 
other than National Aeronautics 
and Space Administration or 
the U.S. Department of Defense, 
to receive an FAA emergency cer-
tificate of authority to fly in civil 
airspace with an unmanned aircraft 
beyond line of sight.  “This was a 
chance for us to take what we’re 
doing in research and give it back 
to the community,” Bailey said. 
“We’ve learned valuable things as 
we’re going along, too, so this was 
a great opportunity for everyone 
involved.”

Back at the Funny River Fire, 
Melody Newberry and her family 
also learned a lot about this new 
high-tech system. The ACUASI mis-
sion was based in Melvin Tachik’s 
horse pasture. Tachik is Newberry’s 
father, and her parents live on one 

side of the pasture, while her fam-
ily lives on the other. The family 
spent many hours visiting with the 
unmanned aircraft team. 

“It gave you a sense of security,” 
Newberry said. “Not only to know 
that pilots weren’t at risk, but we 
were getting more information to 
protect ourselves.” 

Newberry’s mother, Faye Tachik, 
enjoyed the company. She and 
her husband were newlyweds in 
1961 when they moved to the area 
to claim their homestead. Melvin 
Tachik built an airplane landing 
strip that for a time was the only 
one in the area, providing a place 
for the first planes to land. The 
ScanEagle became Funny River air-
strip’s first unmanned aircraft.

“This ScanEagle was a new way to 
be a pioneer,” Faye Tachik said.  

The Funny River Fire in the Kenai 
National Wildlife Refuge burned 
a total of about 194,000 acres and 
cost nearly $6.1 million. 

ScanEagle Antenna @ 50ft
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During the summer of 2012, 
the State of Utah faced a par-
ticularly active wildland fire 

season.  Fires throughout the 
State caused considerable damage 
to resources, infrastructure, and 
personal property.  Following this 
severe fire season, Governor Gary 
Herbert charged State land manag-
ers with the task of developing a 
cooperative strategy to reduce the 
size, intensity, and frequency of 
catastrophic wildfires in Utah.  

Following the Governor’s decree, 
a Catastrophic Wildfire Reduction 
Strategy Steering Committee was 
convened. The committee func-
tions under the authority of the 
Utah Conservation Commission 
and is chaired by the Division of 
Forestry, Fire and State Lands.  The 
steering committee brings coordi-
nation of local, State, and Federal 
governments and natural resource 
agencies, along with private-sector 
stakeholders, to a joint and uni-
fied effort. The committee recom-
mended that a significant addi-
tional investment be made by the 
State and affected stakeholders for 
mitigation and prevention activities 
to reduce the threat of catastrophic 
wildfires.  

Subsequently, the Utah legis-
lature authorized funding the 
Catastrophic Wildfire Reduction 
Strategy with approximately $2 
million of State funds.  This fund-

The significance of 
the allotment cannot 

be overstated; it 
represents the first 

time that State funds 
have been dedicated 
to wildfire issues not 

directly related to 
suppression costs.

Utah’s Catastrophic Wildfire  
Reduction Strategy
Nathan Barrons

Nate Barrons is the Catastrophic Wildfire 
Reduction Strategy coordinator for the 
Utah Division of Forestry, Fire and State 
Lands

ing allotment represents the first 
time State funds have been dedi-
cated to wildfire issues not directly 
related to suppression costs.  The 
statewide steering committee estab-
lished a work group for each of the 
six regional areas of the Division 

of Forestry, Fire and State Lands. 
Each work group consists of local 
stakeholders representing private, 
State, and Federal interests. Efforts 
are now underway to stand up a 
Web-based risk assessment portal 
based on data provided by the West 
Wide Assessment. The goal is to 
furnish an additional science-based 
tool that the regional workgroups 
can use to assess risk and prioritize 
actions in their respective regions.  
Once decisions have been made 
at the regional level, the proposed 
actions will be passed to the steer-
ing committee for statewide priori-
tization.  

This prioritization process, directed 
from the regional level, is an inte-
gral component of the Catastrophic 
Wildfire Reduction Strategy. The 

State fuels crew at work in Argyle Canyon, UT.
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risk assessment and prioritization 
allows agencies and land manag-
ers to focus and distribute funds as 
efficiently as possible. The process 
also provides a scientific platform 
on which to base justification for 
specific expenditures. An addi-
tional goal of the risk assessment 
process/prioritization is to identify 
gaps that exist in relation to the 
National Cohesive Wildland Fire 
Management Strategy (Cohesive 
Strategy).  One example is evaluat-
ing Utah’s rural communities and 
their capacity to respond to wildfire 
incidents. 

The three interdependent goals 
of the Cohesive Strategy are at 
the heart of Utah’s Catastrophic 
Wildfire Reduction Strategy effort.  

As the program matures, the vision 
of State forestry managers is to 
sustain efforts to improve landscape 
resilience through fuels mitigation 
and prescribed fire projects, assist 
and educate populations with ways 
to prepare for and withstand fire 
events, and continue to provide and 
improve timely and effective fire 
suppression response.  

Reducing the threat of catastrophic 
wildfire in Utah requires landscape-
scale modification of vegetation, 
reintroduction of managed fire, and 
substantial action by and with com-
munities.  Changes of this magni-
tude necessitate broad social and 
political awareness, understanding, 
and support.  Efforts are under-
way to reach out to communities 

throughout the State to ensure 
that all understand the importance 
of actively participating in mitiga-
tion and response programs such 
as creating Community Wildfire 
Protection Plans. 

Many of the initial projects 
designated for funding by the 
Catastrophic Wildfire Reduction 
Strategy were designed to augment 
existing State and Federal coop-
erator projects.  For example, the 
Division of Forestry, Fire and State 
Lands’ project, east of Moab in the 
Willow Basin area, lies directly 
adjacent to fuels treatments recent-
ly completed by the Manti La Sal 
National Forest.  Additionally, a fuel 
break project in Sanpete County 
was completed using program 

In response to the Federal Land 
Assistance, Management and 
Enhancement (FLAME) Act, the 
U.S. Department of the Interior 
and the U.S. Department of 
Agriculture set forth to develop 
a strategy to improve wildfire 
management, protect lives and 
property across the country, and 
restore our landscapes.

The Departments designed the 
National Cohesive Wildland Fire 
Management Strategy (Cohesive 
Strategy) effort as a three-phased 
process to allow for inclusive-
ness and understanding of the 
complexities of managing wild-
fire risks across the country. 
Throughout the entire effort, 
environments were created to 
foster and sustain stakeholder 
engagement and increase col-

What Is the National Cohesive Wildland Fire 
Management Strategy?

laboration between Federal, State, 
and local governments and partner 
organizations. The Departments 
used the best available science 
to develop a National Cohesive 
Strategy that will help guide the 
future of wildland fire manage-
ment.

Cohesive Strategy Vision:

	 To safely and effectively extin-
guish fire when needed; use 
fire where allowable; manage 
our natural resources; and as 
a Nation, to live with wildland 
fire.

Cohesive Strategy Goals:

1.	 Resilient Landscapes
2.	 Fire-Adapted Communities
3.	 Safe and Effective Wildfire 

Response

The National Strategy: The 
Final Phase in the Development 
of the National Cohesive 
Wildland Fire Management 
Strategy was released in April 
2014 by the Secretaries of the 
U.S. Department of Agriculture 
and the U.S. Department of the 
Interior. The national strategy 
explores four broad challenges:

1.	 Managing vegetation and 
fuels;

2.	 Protecting homes, communi-
ties, and other values at risk;

3.	 Managing human-caused igni-
tions; and

4.	 Effectively and efficiently 
responding to wildfire.

To learn more about the 
Cohesive Strategy, visit <http://
www.forestandrangelands.gov/
strategy>.
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funds and is the culmination of a 
nearly 5-year effort involving the 
Boy Scouts of America, numerous 
home owners associations, and the 
State of Utah.   

Utah land management stakehold-
ers understand that it is necessary 
to take a holistic approach to the 
challenges of wildfire within the 
State. Without public participation 

and approval, it will be impos-
sible to create meaningful lasting 
changes. Without broad coopera-
tion among stakeholders, both pub-
lic and private, resilient landscapes 
cannot be restored or maintained.  

Perhaps most importantly, with 
sustained funding, the time and 
efforts of dedicated professionals 
can be focused on these press-
ing issues. Governor Herbert has 
explicitly expressed his desire to 
limit the exposure of the people 
of Utah to the cost and effects of 
catastrophic wildfire. The State 
legislature has authorized an ini-
tial expenditure of taxpayer funds.  
Land managers are now in the 
process of implementing a holistic 
approach to dealing with the chal-
lenges faced by the State at the 
heart of the Intermountain West’s 
fire adapted environment.  

Mt. Dell/ Boy Scouts of America fuel break, Sanpete County, UT.
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History

The source idea for the 
Quadrennial Defense Review 
(QFR) was the U.S. Department 

of Defense’s Quadrennial Defense 
Review (QDR) model. For several 
decades, the QDR model has served 
as a vehicle for the U.S. military to 
reexamine shifts in military strate-
gy and changes in organization tac-
tics and capabilities. Similarly, the 
intention of the QFR is to evaluate 
current wildland fire management 
strategies and capabilities against 
best estimates of the long-term (10 
to 20 year) future environment.  
The first QFR was prepared in 2005, 
with a subsequent strategic assess-
ment process conducted every 4 
years thereafter.  Recently, the final 
report for the third iteration of the 
QFR was released.  

The 2014 QFR
The QFR is not a formal policy or 
decision document, but rather a 
strategic evaluation of the potential 
future circumstances and long-
range direction of wildland fire 
management.  It is designed to 
look far into the future to explore 
potential risks, challenges, and 
opportunities that may affect the 
wildland fire community’s ability to 
meet its mission. Moreover, it will 
inform strategic planning, invest-
ments, operational capabilities, and 

The Quadrennial Fire Review— 
A Tool for the Future
Sandra L. Burnett and Russell Johnson

Sandy Burnett is a special projects manag-
er for the Forest Service, Fire and Aviation 
Management Staff, and Russ Johnson is a 
program analyst for the U.S. Department 
of the Interior, Office of Wildland Fire.

positioning to help ensure the com-
munity can achieve its goals over 
the next 20 years. 

The QFR links closely with, and 
is complementary to, the wild-
land fire community’s multiphase 
National Cohesive Wildland Fire 
Management Strategy (Cohesive 
Strategy) process.  The 2005 and 
2009 QFRs helped set the stage 
for the three goals outlined in the 
Cohesive Strategy, which assesses 
the current situation and outlines 
actions to improve near-term 
effectiveness. The QFR extends the 
community’s vision by exploring 
a range of alternative futures for 
wildland fire management, offers an 
analytical underpinning to inform 
the next revision of the Cohesive 
Strategy, and encourages present-
day preparation for emerging 
change.

As asserted in the Cohesive 
Strategy, fire plays a necessary, 
important, and natural role on the 
landscape. While, risk to communi-
ties and other high-value resources 
must be mitigated, decades of fire 
exclusion have impeded the eco-
logical benefits that result from 
fire in many areas. Fire exclusion 
has allowed the accumulation of 
unnaturally high levels of fuel on 
the landscape, which can contrib-
ute to fires of similarly unnatural 
severity. While fires that will benefit 
the landscape should be allowed 
where practicable, unnaturally 
severe fire can negatively affect nat-
ural processes and create increased 

risk for firefighters, the public, and 
other values, particularly when fire 
occurs near communities that are 
not fire adapted. 

The wildland fire management 
community has been extremely 
successful over the past several 
decades in suppressing approxi-
mately 97-98 percent of unwanted 
fires in the initial attack phase. 
Many of the remaining fires that 
escape initial attack, however, have 
become increasingly extreme. The 
QFRs have identified contributing 
factors for more severe fire (and 
commensurately higher fire risk) in 
the future as:

•	 Continued accumulation of fuels 
in forests and grasslands.

•	 Continued growth of the wild-
land-urban interface with insuf-
ficient planning and zoning to 
ensure a fire-adapted landscape.

•	 Continued drought in the 
American West, expanding to 
other areas of the country.

•	 A general increase in tempera-
tures across the United States.

Based on current trajectories, it is 
reasonable to conclude that these 
risk factors will continue to get 
worse over the next 20 years, lead-
ing to more destructive wildland 
fires than the American public is 
prepared to handle. 

Paradoxically, a key finding of the 
2014 QFR report is that the path to 
avoiding the worst possible impacts 
of wildland fire is for the general 
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public and governments at all levels 
to become more comfortable with 
prescribed fire and wildfire—based 
in part on improved outreach and 
public understanding of the eco-
logical role of fire. This finding and 
associated actions for consider-
ation  are addressed in detail in the 
report.

The wildland fire management 
community faces other critical risk 
factors such as the impact of smoke 
on the public, water resource scar-
city in the West, continued threats 
from human-caused fires, climatic 
factors, and other potential future 
threats. Wildland fire may also 

emerge over the next 10 to 20 years 
as an issue of concern in areas 
where it has not been for decades, 
for example, in areas like the 
Southeast, if prescribed burning is 
used less, or in the upper Midwest 
due to climate change.

Conclusion
Addressing these issues will require 
the community to adjust its mes-
sage to stakeholders and its means 
of reaching them.  The wildland fire 
community needs to develop new 
approaches to measure risk and 
gauge the impact of fire manage-
ment actions and to take advantage 
of emerging technologies. At the 

same time, the community must 
also sustain and enhance core 
programs at levels that enable con-
tinued success at historical levels. 
These actions will be crucial to 
both implementing the key goals 
outlined in the Cohesive Strategy 
and the  actions for consideration 
in the QFR, while operating under 
fiscal constraints and pressure to 
tie future funding to measurable 
return on investment.   

To read the 2014 Quadrennial Fire 
Review report, please visit  <http://
www.forestsandrangelands.gov/
QFR/index.shtml>.  
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