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C
an wildland fire behavior really 
be predicted? That depends on 
how accurate you expect the 

prediction to be. The minute-by
minute movement of a fire will 
probably never be predictable-cer
tainly not from weather conditions 
forecasted many hours before the 
fire. Nevertheless. practice and 
experienced judgment in assessing 
the fire environment. coupled with 
a systematic method of calculating 
fire behavior. yield surprisingly 
good results (Rothermel 1983). 

This is the third and final special 
issue of Fire Management Today in 
a series of issues devoted to the 
subject of wildland fire behavior. 
The first two issues contained 36 
articles dealing with wildland fire 
behavior case studies and analyses 
published in Fire Management 
Todayand its predecessors between 
1937 and 2000. These two issues 
contained lead articles on various 
aspects of those subjects (Alexander 
and Thomas 2003a. 2003b). Not 
included in these two issues are 
two recent articles on fire behavior 
published in Fire Management 
Today (Brown 2002; Cornwall 
2003). 

Marty Alexander is a senior fire behavior 
research offlcer with the Canadian Forest 
Service at the Northern Forestry Centre, 
Edmonton, Alberta: and Dave Thomas is 
the regional fuels specialist for the USDA 
Forest Service, Intermountain Region, 
Ogden, ur. 
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By systematically reflecting upon our fire behavior 
forecasts and the tools that helped us prepare 
them, we become the masters of fire behavior 

models and not their servants. 

This issue is devoted to aids. 
guides, and knowledge-based proto
cols involved in predicting wildland 
fire behavior for safe and effective 
fire suppression (Alexander 2000). 
It includes 2 1  articles published 
from 1947 to 1998. A recent article 
by Weick (2002) that emphasizes 
the importance of human factors in 
the field of fire behavior forecasting 
could have easily been included. 

The Practice of 
Predicting Wildland 
Fire Behavior 
More than 50 years ago. Barrows 
( 195 1) outlined the basic concepts 
of predicting or forecasting wild
land fire behavior that are still very 
valid today (see the excerpt on 
pages 6-7). As figure 1 shows. the 
process of judging fire behavior can 
be divided into five simple steps: 
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Figure I-Judging fire behavior requires systematic analysis of many factors 
(from Barrows 1951). 
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1. Basic knowledge. The founda
tion for judging probable fire 
behavior must rest on basic 
knowledge of the principles of 
combustion: What is necessary 
for combustion to occur? What 
causes the rate of combustion to 
increase or decrease? How may 
combustion be reduced or 
stopped? 

2. Forest knowledge. Three basic 
factors in a forest area-weather, 
topography, and fuels-are 
important indicators of fire 
behavior. 

3. Aids and guides. Several aids 
and guides are available to assist 
in evaluating weather, topogra
phy, and fuels. 

4. Estimate of situation. The prob
abilities for various patterns of 
fire behavior are systematically 
explored through an estimate of 
the situation based upon the 
combined effects of weather, 
fuels, and topography. 

5. Decision. The end product of 
the fire behavior analysis is a 
decision outlining when, where, 
and how to control the fire and 
spelling out any special safety 
measures required. 

For this third and final issue in the 
series dealing with wildland fire 
behavior, we chose articles from 
past issues that reflect the various 
elements involved in Barrows' 
( 1951) process of judging or pre
dicting wildland fire behavior. 

Comparisons of Fire 
Behavior Predictions 
and Forecasts Needed 
After 50 years, the only item we 
would add to Barrows' ( 195 1) out
line is the need for the fire behavior 
analyst (FBAN) and others engaged 
in wildland fire management to 
pause for a moment to compare, in 
a rigorous and systematic fashion, 
the FBAN's or their own fire behav-
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We recommend that fire behavior analysts adopt 
the framework of the After Action Review, as 

described on the Wildland Fire Lessons Learned 
Center Website. 

ior predictions to actual fire behav
ior. This is the only way one can 
truly meet Barrows' ( 195 1) advice 
to "evaluate the combined effects of 
all Significant factors influencing 
fire behavior." 

Conscious reflection, not as an 
afterthought but as a normal rou
tine in the day-to-day business of 
fire behavior forecasting, involves a 
highly professional method of ques
tioning whether our fire behavior 
aids, gUides, and protocols are 
working. By systematically reflect
ing upon our fire behavior forecasts 
and the tools that helped us pre
pare them, we become the masters 
of fire behavior models and not 
their servants. 

To paraphrase Dr. Karl Weick 
(2003)-coauthor of Managing the 
Unexpected' Assuring High 
Performance in an Age of 
Complexity (Weick and Sutcliffe 
200 1)*-becoming a mindfulFBAN 
is a constant struggle for alertness, 
and to be alert means to "constant
ly and diligently seek instances 
where your model didn't work and 
identify indicators you missed that 
Signaled expectations weren't being 
filled .... " 

We recommend that FBANs and 
others adopt the framework of the 
After Action Review, as described on 
the Wildland Fire Lessons Learned 
Center Website (<http://www.wild
firelessons.netl AftrIncdntRpt. htm», 

• See D. Iverson. "Book Review: Managing the 
Unexpected" (Fire Management Today 62(4) [Fall2002J: 
36-37); and]. Williams. "Next Steps in Wildland Fire 
Management" (Fire Management Today 62(4) [Fall 
2002J: 31-35). 

by putting their fire behavior fore
casts through a reflective scrutiny 
based on four basic questions: 

1. What did your fire behavior fore
cast say would happen? 

2. What actually happened? 
3. Why did the fire behavior aid, 

guide, or protocol predict accu
rately (or inaccurately)? 

4. Finally (and most importantly). 
if you had to make this forecast 
again, what would you do differ
ently? How would you change 
the way you used the aid. guide. 
protocol, or modeVsystem in this 
different approach? 

Judging the quality of a fire behav
ior prediction or forecast solely on 
the outcome can be hazardous. By 
chance. good predictions or fore
casts can sometimes have bad out
comes and bad predictions or fore
casts can result in good outcomes 
(fig. 2). From a practical stand
point, overpredictions can be easily 
readjusted without serious. lasting 
consequences. whereas underpre
dictions can be disastrous (table 1) 
from the standpOint of human safe
ty (Le .. for the public and for fire-

Outcome 
Good Bad 

.... Good Objective Unlucky III 
� 
� 
Q./ 
..... 
0 

� Bad Lucky Deserving 

Figure 2-The 2-by-2fire behavior prediC
tion or forecast matrix (based on Saveland 
and Wade 1991) shows that even good fore
casts can have unlucky outcomes. 
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On the Place of Fire Behavior in 
Wildland Fire Management* 
Although forestry dates back 
hundreds of years. organized for
est fire research has been under
way less than 30 years. During 
much of this time the major 
efforts have been devoted to stud
ies of fire behavior or closely 
allied fields. As a result. much 
has been learned about how fires 
act. in spite of the relatively short 
period of organized effort. 
Knowledge stemming from any 
research projects. plus the experi
ence gained from the control of 
thousands of fires. provide a good 
foundation for a general under
standing of the complex subject. 

The main purpose of this publica
tion is to summarize the most 
important aspects of fire behavior 
as we now know them. The 
author recognizes that there are 
still many unknowns in the 
behavior of forest and range fires. 
These unknowns will be the tar
gets of future research. In the 
meantime it is important that the 
best available information on fire 
behavior be placed in the hands 
of the men who must carry on 
the vital task of fire control . . .  

Knowledge of  fire behavior is  an 
essential requirement for fire
fighters. Successful fire control 
operations depend. first of all. 
upon the ability of the protection 

'From Barrows (1951) handbook Fire Behavior in 
Northem Rocky Mountain Forests, 

forces to judge where and when 
fires will start and how they will 
behave once ignition takes place. 
Every member of the firefighting 
team from ranger to smokechaser 
must be able to make reliable esti
mates of the behavior of fires burn
ing under a wide variety of condi
tions. These estimates must be 
good enough to provide the basis 
for decisions which will lead to fast. 
efficient. and safe firefighting. 

Fire Behavior and 
Suppression Methods 
The character and difficulty of the 
suppression job on every fire 
depends largely upon the behavior 
of the fire. The speed. strength. and 
type of attack are governed by the 
location of the fire and its reaction 
to the surrounding environment. 
Each change in environment may 
change fire behavior and in turn 
call for some adjustment in fire
fighting strategy and techniques. 
The ability of the man handling the 
suppression job to evaluate the 
behavior pattern largely determines 
the efficiency and economy of the 
entire firefighting operation. 

A primary purpose of evaluating the 
behavior of every fire is to reduce 
or prevent unexpected "blowups 
and runs." A careful check on 
everything that will affect the 
behavior of a fire reduces the 
chances for the "unexpected." 
When a skilled size-up has been 

made in advance. the unexpected 
may become expected and a poten
tial blow or run may often be antic
ipated soon enough to be prevent
ed. Effective fire control requires 
that suppression plans and action 
be carried out in accordance with 
continuing estimates and forecasts 
of what the fire is going to do. 
Analysis of fire behavior is a basic 
requirement in firefighting applica
ble equally to the one-man smoke
chaser or the big fire where hun
dreds of men are in action. 

Fire Behavior and 
Safety 
An important reason for under
standing fire behavior is to provide 
safety for the firefighters. Every fire 
behavior situation calls for specific 
safety measures. Experience gained 
from fighting thousands of fires has 
shown that the suppression job 
may be accomplished with a rea
sonable degree of safety. To achieve 
safety it is highly important that all 
firefighters have a general knowl
edge and the leaders of the fire
fighting forces have a high degree 
of knowledge of fire behavior. 

The most dangerous individual in a 
suppression organization is usually 
the man who is afraid of fire. Fear is 
largely a result of ignorance. Many 
risks can be eliminated from fire
fighting if each man knows what to 
expect the fire to do. The average 
firefighter need not be an expert on 
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all phases of fire behavior. but he 
should have a working knowledge of 
ignition. combustion. and rate of 
spread of fires burning in forest 
fuels. Equipped with such basic fire 
behavior "know-how" the individual 
firefighter can approach his job 
without fear and with confidence 
that he can perform required duties 
in a safe and efficient manner. 

Fire Behavior and the 
Forest Manager 
In the northern Rocky Mountains 
fires influence many phases of the 
forest management job. The behav
ior of fires is an important factor in 
the growth. harvesting, and regen
eration of forest crops. How often 
fires occur and how hot they bum 
affect both the quality and quantity 
of products harvested from the for
est. The forest manager may influ
ence fire behavior by the nature of 
his operations, especially in timber 
cutting. When a forest is opened up 
by thinning or harvesting opera
tions, lower humidities, high tem
peratures, and higher wind veloci
ties are created within the stands. 
Fire behavior is thereby affected. 
Sometimes the debris remaining 
after logging constitutes a fuel con
dition which greatly increases the 
chance for fires to ignite and bum 
intensely. For these reasons it is 
important for forest managers to 
know fire behavior and to be able to 
evaluate the influence of forest 
management operations on it. 
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Judging Fire Behavior 
Many complex factors influence the 
ignition, rate of spread, and general 
behavior of fires. Some of these fac
tors can be measured more or less 
precisely with instruments. Others 
do not lend themselves to exact 
measurements and therefore must 
be evaluated in general terms. The 
combined effects of all factors, 
whether measured precisely or not, 
determine the behavior of a fire. No 
single factor, such as wind, steep
ness of slope. or kind of fuel, will 
provide the answer to questions of 
when and where fires will start and 
how fast they will spread. Likewise. 
no single instrument or meter will 
answer these fundamental ques
tions. Therefore it is necessary for 
the fire control man to develop a 
system aided by instruments and 
other gUides where available, which 
will help him evaluate the com
bined effects of all significant fac
tors influencing fire behavior. 

Keen observation is a fundamental 
requirement for judging fire behav
ior. Many visible signs are present 
in the forest to assist the fire con
trol man in arriving at reliable 
decisions. These include such 
things as the color of the grass and 
other annual vegetation. the posi
tion of a fire on a slope, the time of 
day, and the amount of sunshine 
filtering through the forest canopy. 
One of the purposes of this hand
book is to analyze the importance 

and the meaning of the most sig
nificant of the many factors that 
may be observed and to present a 
method of evaluating their com
bined effects. 

Fire Safety Measures 
A thorough understanding of fire 
behavior is essential to the pro
motion of safety in firefighting 
operations. Accidents often occur 
when so-called "unexpected fire 
behavior" develops. To avoid 
these "unexpected events," the 
first and most important safety 
measure on every fire, regardless 
of size, is to make the estimate of 
the fire behavior situation . . .. 
Fires behave according to certain 
laws. Runaway fires do not just 
happen. When keen observations 
and evaluations are made of 
weather, topography, and fuels, 
there are very slim chances for 
firefighters to be surprised sud
denly by an unexpected blowup. 

Every fire behavior situation calls 
for special safety measures. In 
most cases the best safety meas
ure is aggressive and intelligent 
fire fighting aimed at abating the 
danger spot. 

Keen observation and interpreta
tion of weather, topography, and 
fuels lead to a good understand
ing of fire behavior and to safe, 
efficient firefighting. 
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fighters). Underpredictions can also 
render chosen operational strategy 
and tactics useless (Cheney 1981). 

In addition to evaluating the out
come of a forecast. it is wise to look 
at the fire behavior prediction 
process itself. Russo and 
Schoemaker ( 1989) examine com
mon pitfalls for decisionmakers 
that are equally valid for FBANs 
and others making fire behavior 
predictions or forecasts. Decision 
trap 10 (see the sidebar) is a failure 
to audit the decisionmaking 
process-a failure to understand 
that one's decisionmaking leaves 
one constantly open to the other 
nine decision traps. 

Other Related Articles 
and Information 
It's worth noting that Fire Man
agement Today and its predeces
sors have also published a variety of 
other fire behavior and fire behav
ior-related articles in the past 67 
years (Bunton 2000a. 2000b). Many 

are shown in the list of additional 
references beginning on page 10. 

Because copies of many of these 
articles are difficult to obtain. even 
through library sources. they are 
being scanned and will be made 
available through the World Wide 
Web. Many are now available for 
downloading from the Fire Man
agement Today Website 
( <http://www.fs.fed.uslfire/fmt!index 
. html». The same Website has an 
author index posted for volumes 
1-59 of Fire Management Today 
and its predecessors. 
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The Ten Most Dangerous 
Decision Traps * 
1. Plunging in: BeginniI')g to 

gather information and reach 
conclusions without first tak
ing a few minutes to think 
about the crux of the issue 
you're facing or to think 
through how you believe deci
sions like this one should be 
made. 

2. Frame blindness: Setting out 
to solve the wrong problem 
because. with little thought. 
you have created a mental 
framework for your decision 
that causes you to overlook 
the best options or lose sight 
of important objectives. 

3. Lack of frame control: 
Failing to conSciously define 
the problem in more ways 
than one or being unduly 
influenced by the frames of 
others. 

4. Overconfidence in your judg
ment: Failing to collect key 
factual information because 
you are too sure of your 
assumptions and opinions. 

5. Shortsighted shortcuts: 
Relying inappropriately on 
"rules of thumb." such as 
implicitly trusting the most 
readily available information 
or anchoring too much on 
convenient facts. 

• Based on Russo and Schoemaker (1989). 

6. Shooting from the hip: 
Believing you can keep 
straight in your head all the 
information you've discovered. 
and therefore "winging it" 
rather than following a sys
tematic procedure when mak
ing the final choice. 

7. Group failure: Assuming that 
with many smart people 
involved. good choices will 
follow automatically. and 
therefore failing to manage 
the group decisionmaking 
process. 

8. Fooling yourself about feed
back: Failing to interpret the 
evidence from past outcomes 
for what it really says. either 
because you are protecting 
your ego or because you are 
tricked by hindsight. 

9. Not keeping track: Assuming 
that experience will make its 
lessons available automatical
ly. and therefore failing to 
keep systematic records to 
track the results of your deci
sions and failing to analyze 
these results in ways that 
reveal their key lessons. 

10. Failure to audit your decision 
process: Failing to create an 
organized approach to under
standing your own decision
making. so that you remain 
constantly exposed to all the 
above mistakes . 

Russo and Schoemaker (1989) examine common 
pitfalls for decisionmakers that are equally valid for 

FBANs and others making fire behavior 
predictions or forecasts. 
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