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1. INTRODUCTION

Throughout the late 19th century and most of the

Managing wildfire events to achieve multiple management objectives involves a high degree
of decision complexity and uncertainty, increasing the likelihood that decisions will be in-
formed by experience-based heuristics triggered by available cues at the time of the decision.
The research reported here tests the prevalence of three risk-based biases among 206 indi-
viduals in the USDA Forest Service with authority to choose how to manage a wildfire event
(i.e., line officers and incident command personnel). The results indicate that the subjects
exhibited loss aversion, choosing the safe option more often when the consequences of the
choice were framed as potential gains, but this tendency was less pronounced among those
with risk seeking attitudes. The subjects also exhibited discounting, choosing to minimize
short-term over long-term risk due to a belief that future risk could be controlled, but this
tendency was less pronounced among those with more experience. Finally, the subjects, in
particular those with more experience, demonstrated a status quo bias, choosing suppression
more often when their reported status quo was suppression. The results of this study point
to a need to carefully construct the decision process to ensure that the uncertainty and con-
flicting objectives inherent in wildfire management do not result in the overuse of common
heuristics. Individual attitudes toward risk or an agency culture of risk aversion may coun-
terbalance such heuristics, whereas increased experience may lead to overconfident intuitive
judgments and a failure to incorporate new and relevant information into the decision.
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agencies to explore tactics other than suppression
to mitigate growing wildfire risks. Both the National
Park Service and the Forest Service introduced pre-

20th century, risks associated with wildfire were ad-
dressed by suppressing fires as quickly as possible.
However, research in the 1960s began to suggest that
fire exclusion has adverse effects on the forest as well
as contributes to larger and more damaging wildfires
in the future.() This led many federal management
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scribed burning into their fire policy in the 1970s as a
means to managing high fuel loads; however, severe
wildfires continued throughout the 1990s.(2) A mid-
1990s review of federal fire policy recognized fire as
a critical natural process and directed federal agen-
cies to integrate fire into resource management plans
on a landscape scale to reduce fuels and resulting
risks from catastrophic wildfire.®®) In addition to pre-
scribed burning, another way to integrate fire across
the landscape is through wildland fire use (WFU), a
practice that allows a wildfire to burn to achieve eco-
logical and fuel management objectives.?) Accord-
ing to federal fire policy, WFU is to be given equal
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consideration along with suppression. To encourage
this consideration, fire management plans are devel-
oped to prepare line officers (i.e., district rangers and
forest supervisors) to quickly evaluate the risks and
benefits associated with wildfire across temporal and
spatial scales to make an informed choice, with au-
thority then delegated to incident command person-
nel.® Ideally, the line officer should be able to con-
sider current conditions and choose between wild-
fire suppression for the protection of human life and
property, or WFU to achieve resource management
objectives as dictated by the plan.®) However, many
have argued that despite a recognized need to main-
tain fire on the landscape, line officers are reluctant
to accept the risks associated with fire (prescribed
or wild), and that restrictive policies and a lack of
qualified fire use personnel create pressure to sup-
press.®-®) Furthermore, annual funds spent on sup-
pression continue to increase, providing some evi-
dence for implementation failing to reflect the intent
of the policy.(”)

Managing wildfire events to achieve multiple
management objectives and balance short- versus
long-term risks across spatial scales involves a high
degree of decision complexity and uncertainty, in-
creasing the likelihood that fire management de-
cisions will be malleable® and informed by men-
tal short-cuts or experience-based heuristics that are
triggered by available cues at the time of the deci-
sion.(”) Research has documented a number of fac-
tors that influence the choice between suppression
and WFU (e.g., safety and accountability concerns,
public perceptions, resource availability, perceived
risk).(10-13) What is less certain is whether or not
management decisions are driven by a deliberative
analysis of these factors and the risks posed by each,
or a more intuitive, heuristic-based approach to deci-
sion making. Maguire and Albright(¥) suggest that
individual fire management decisions are often the
result of the overuse of risk-based heuristics, leading
to general risk aversion in the short term and a failure
to meet stated management objectives. For exam-
ple, the perceived risk associated with certain man-
agement techniques (e.g., WFU) may prevent such
techniques from being adequately considered dur-
ing the decision-making process compared to other
tactics perceived as less risky (e.g., suppression).()
In fact, between 2002 and 2004, only 25% of the
lightning-caused fires on USDA Forest Service des-
ignated wilderness occurred in areas approved for
WEFU, and only 40% of those events were actually
managed using WFU.(®) Recent studies provide ad-
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ditional evidence that decisions to suppress rather
than engage in WFU even when the fire management
plan allows it may be influenced by personal discom-
fort with uncertainty and a tendency to err on the
side of caution in predicting risk,1%17) perhaps lead-
ing managers to favor tactics (e.g., suppression) that
they perceive as less likely to result in negative out-
comes.13:19)

The specific heuristics and biases that may be
most relevant to managing wildfire events include
excessive aversion to losses;?” inordinate attention
to short-term risk, essentially discounting future or
long-term risk;?!) and a desire to maintain the sta-
tus quo.®? The majority of the evidence for these bi-
ases comes from laboratory experiments conducted
with the general population for relatively simple
decisions.>?> Although there is evidence of these
same biases being exhibited by individuals in do-
mains where they have a depth and breadth of ex-
perience (for an example, see extensive research on
medical decision making®*2), there is less evidence
of how these individuals with a high degree of ex-
pertise make decisions in contexts involving conse-
quences at multiple levels (individual to societal to
institutional) and strongly held expectations or pref-
erences across these same levels.(*%

The goal of the study reported here was to
test the prevalence of these biases in the context
of wildfire risk management among a population
of “experts” or individuals with both a depth and
breadth of experience in this decision context. We
also wanted to explore other factors that may en-
hance understanding of risk-based decision making
among these individuals, in particular their indi-
vidual risk attitudes, risk perceptions, and years of
experience in fire management. Our questions of in-
terest include: Are fire management personnel sub-
ject to the heuristics and biases often attributed as
the cause of their decision behavior? Are these er-
rors in judgment more pronounced among individ-
uals with greater experience? Are individual differ-
ences in risk perceptions and attitudes more powerful
at explaining choice behavior than common biases in
judgment?

2. METHODS

2.1. Subjects

Study participants were USDA Forest Service
personnel from two lines of authority including In-
cident Command (Incident Commander, Deputy In-
cident Commander, and Operations Chief) and Line
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Officer (Forest Supervisor and District Ranger).
These participants were selected because line
officers ultimately make the final go-no go decision
in line with fire management and response plans,
and then delegate the execution of that decision to
incident command.®) Both roles function coopera-
tively through the life of a fire event so both per-
spectives are essential in understanding Forest Ser-
vice fire management decisions.

All 645 individuals with these position titles in
the USDA Forest Service were recruited via email
to complete the online instrument developed in
Zoomerang.* A total of 613 were successfully con-
tacted, and 260 subjects agreed to participate for an
initial response rate of 42%. After removing incom-
plete responses, the final sample for data analysis was
206 (34 incident command personnel and 172 line of-
ficers) for a final adjusted response rate of 34% (37%
for incident personnel and 30% for line officers). An
additional 107 subjects were randomly selected from
the nonresponders and telephoned to participate in
an abbreviated survey (see Appendix). The nonre-
sponders exhibited no differences in terms of experi-
ence, position, or region. However, they did tend to
report more cautious risk attitudes, lean more toward
suppression for their status quo, and believe that fire
use consequences were less known. These results in-
dicate that our current sample may have been biased
toward those individuals interested in and willing to
support WFU. This is not particularly concerning as
we found evidence of risk-based biases even among
these perhaps less cautious individuals.

2.2. Experimental Design

Subjects participating in the study were ran-
domly assigned to one of four instruments contain-
ing three separate decision scenarios designed to
assess (1) an aversion to loss, (2) the tendency to dis-
count long-term risk, and (3) a desire to maintain the
status quo (see detailed sections later). In each sce-
nario, subjects were given information about a hypo-
thetical wildfire event and asked to make a choice
that best reflected how they would respond if pre-
sented with that scenario on the job.> Open-ended

4 The use of trade or firm names in this article is for reader infor-
mation only and does not imply endorsement by the U.S. Depart-
ment of Agriculture of any product or service.

5 Wiseman and Levin®® report that there is no difference in sub-
ject choice between scenarios involving real versus hypothetical
consequences. The use of scenarios is an accepted practice in the
study of risk-related decision making (see, e.g., Ref. 27). Further-
more, scenarios are now being used to train and guide decision-
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comments were solicited following each scenario so
that subjects could further explain the reasoning be-
hind their choice.

2.2.1. Scenario 1—Loss Aversion

The first scenario employed a 2 x 2 between-
subjects design in which each subject was told to
imagine that a wildfire had broken out placing 100
residences at risk. Half of the subjects were told that
their own home and community were at risk whereas
the other half were told that their own home and
community were not at risk (i.e., impersonal/personal
risk manipulation). Subjects were then given two
options that they were told were consistent with
their wildfire management plan, and asked to choose
between the two options. Option 1 was the cer-
tain option (i.e., sure to save 25 homes or lose 75
homes), whereas Option 2 represented a gamble with
the same expected value as the certain option (i.e.,
25%/75% chance of saving/losing 100 homes and a
75%1/25% chance of saving/losing no homes). Half of
the subjects were presented with the options framed
as homes saved whereas the other half were pre-
sented with homes lost (i.e., gain/loss frame manip-
ulation). Subjects were then asked to explain the rea-
son for their choice (see Appendix).

2.2.2. Scenario 2—Discounting

The second scenario employed a one-way
between-subjects design in which subjects were told
that a wildfire had broken out and they had nine man-
agement options available, each requiring a tradeoff
between short-term and long-term risk, more specif-
ically: the probability of a catastrophic fire occurring
within the next year or within the next 10 years. Sub-
jects were then presented with one of four manage-
ment objectives to consider (i.e., protecting ecosys-
tem health, property, endangered species, or public
safety), along with a figure demonstrating the short-
versus long-term tradeoff required by each option
(where Option 1 resulted in a 0.1 probability of catas-
trophic fire in the short term and a 0.9 probability of
catastrophic fire in the long term, Option 2 a 0.2 prob-
ability in the short term and a 0.8 probability in the
long term, and so on ending at Option 9 with a 0.9
probability of catastrophic fire in the short term and
a 0.1 probability of catastrophic fire in the long term).
They were then asked to choose the option that was

making in complex environments and to evaluate the quality of
decisions (see, e.g., Ref. 28).
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most appropriate, keeping in mind their specific ob-
jective of interest, and explain the reason for their
choice (see Appendix).

2.2.3. Scenario 3—Status Quo

The third scenario employed a between-subjects
design in which all of the subjects were first asked to
imagine that a fire breaks out in a Wilderness area,
and they have the flexibility to choose between sup-
pression and initiating WFU activities. They were
told that public safety and private property are not
at risk. Subjects were then asked to indicate how
they have responded to such a scenario in the past
by engaging in suppression or fire use (designed to
measure their status quo for that decision). They
were then given an opportunity to list the factors
that drove their decisions in the past. Next, subjects
were presented with one of two decision trees ei-
ther presenting both fire use and suppression as risky
choices, each with two possible outcomes, or present-
ing fire use as a risky choice but suppression as a cer-
tain choice with only one potential outcome. They
were reminded that public health and safety were
not at risk, but that the wildfire would have differ-
ing impacts on ecosystem health, agency resources,
and agency reputation, as represented in the decision
tree. Subjects were then asked to indicate which de-
cision they would recommend given the information
provided in the tree, and to explain the reason for
their choice (see Appendix).

2.3. Measures of Risk Attitudes, Perceived Risk,
and General Decision Factors

As potential covariates in the experimental anal-
yses, subjects were asked a series of questions aimed
at measuring their individual risk attitudes, risk per-
ceptions associated with suppression and fire use, the
importance of various factors in their “go-no go” de-
cision regarding whether to allow a wildfire to burn
or engage in suppression activities, and their num-
ber of years in fire management. Because no context-
specific measure of risk attitude was available, we
developed five statements aimed at measuring risk
attitude in the context of wildfire management. Sub-
jects rated five items on a scale from 1 to 7 (where
1 = extremely unlikely, 7 = extremely likely, and the
midpoint of 4 = unsure). These five statements were:
(1) take action that is perceived by many as risky; (2)
avoid action that is perceived by many as risky; (3)
use all resources at my disposal to minimize poten-
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tial negative outcomes; (4) behave cautiously when
managing wildland fires; and (5) accept risk of fire
escaping to protect ecosystem health.

The risk perception measures for suppression
and WFU were developed based on psychometric
paradigm research identifying the main factors char-
acterizing perceived risk.>>3% Specifically, subjects
were asked to separately rate to what extent fire sup-
pression and WFU are ecologically harmful or bene-
ficial (from 1 = extremely ecologically harmful to 7 =
extremely ecologically beneficial), to what extent the
consequences of each are unknown or known (from
1 = consequences largely unknown to 7 = conse-
quences largely known), to what extent they are un-
predictable or predictable (from 1 = completely un-
predictable to 7 = completely predictable), and to
what extent each is risky or safe (from 1 = extremely
risky to 7 = completely safe).

Factors in the “go-no go” decision were rated
on a scale from 1 to 7 (where 1 = extremely unim-
portant, 7 = extremely important, and 4 = neither
unimportant nor important). These factors, based
on those identified in past research,!") include For-
est Service mandates, efficient and effective use of
USDA FS personnel and equipment, minimizing
short-term risk, lack of scientific knowledge or un-
certainty within the agency, public perceptions of
agency decisions, lack of financial resources, man-
agement constraints in the wildland—urban interface,
timber or forest product standards, air quality stan-
dards, weather conditions, existence of culturally
or archaeologically protected features, existence of
threatened or endangered species, potential litiga-
tion, potential for fire escape or burn outside of the
prescribed area, past personal experience with fire,
minimizing long-term risk, lack of integration across
managing agencies, and constraints of the existing
fire management plan.

2.4. Hypotheses

For scenario 1, exploring loss aversion, we ex-
pected that the sure thing (as opposed to the gam-
ble) would be preferred by (i) individuals pre-
sented with the consequences in terms of gains,
(ii) individuals not experiencing risk to their own
homes, (iii) risk-averse individuals, and (iv) individ-
uals with fewer years of experience. For scenario
2, exploring discounting of long-term risk, we ex-
pected that minimizing short-term risk (as opposed
to minimizing long-term risk) would be preferred (i)
across each management objective, (ii) by risk-averse
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individuals, (iii) by individuals who rate minimiz-
ing short-term risk as important, and (iv) by in-
dividuals with fewer years of experience. For sce-
nario 3, exploring status quo bias and aversion to
loss, we expected that suppression (as opposed to
fire use) would be preferred by (i) individuals iden-
tifying suppression as their status quo, (ii) individu-
als in the risk-certain frame (as opposed to the risk-
risk frame), (iii) individuals indicating high perceived
risk associated with fire use, and (iv) individuals with
greater years of experience.

2.5. Analyses

Binary logistic regression was used to test the hy-
potheses in scenarios 1 and 3, and multinomial lo-
gistic regression was used to test the hypotheses in
scenario 2 (where the nine potential management
options were combined into a preference for min-
imizing short-term risk, a preference for balancing
short-term and long-term risk, and a preference for
minimizing long-term risk). Paired #-tests were used
to compare differences in perceived risk between
fire use and suppression. The open-ended comments
were coded according to concepts that emerged as
explanatory reasons for the choices, and a secondary
coder was used to assess reliability.

3. RESULTS
3.1. Subjects

Respondents were largely male (73%) and oper-
ating at the forest (as opposed to district or national)
level (87%). Years in their current position ranged
from 0 to 35 (with a mean of 7), whereas years in fire
management ranged from 0 to 46 (with a mean of 22).
A majority (71%) reported experiencing fire on the
job within the past 9 months, and the majority (88%)
was moderately or extremely confident in their abil-
ity to make informed fire management decisions.

Participation was broadly represented across the
USDA FS regions with between 10% and 18% of the
respondents coming from each region, with the ex-
ception of the Eastern region (6%) and the Alaskan
region (1%). Approximately 17% of the respondents
were in incident command (IC) positions, and 84%
of the respondents were line officers (of which 70%
were district rangers), which generally reflects the
composition of the original sample. IC personnel had
significantly more years of experience in fire manage-
ment (26 as opposed to 21 years, t = 2.888, p = 0.004),
more recent experience with fire (last 3-6 months as
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opposed to 6-9 months, t = 5.092, p = 0.000), and
were significantly more confident in their fire man-

agement decisions (extremely as opposed to moder-
ately confident, t = 6.655, p = 0.000).

3.2. Reliability and Coding Analyses

Cronbach’s « was used to measure reliability and
identify items representing the best measure of risk
attitude and perceived risk. Two of the original five
risk attitude items (i.e., taking action that is perceived
by many as risky, avoiding action that is perceived by
many as risky) were chosen for the final risk attitude
measure (Cronbach’s & = 0.76). None of the origi-
nal fire use or suppression risk perception items were
identified as reliable measures in combination (Cron-
bach’s @ < 0.70). As a result, the single item rating of
suppression and fire use on a scale from extremely
risky to completely safe was chosen for the final risk
perception measure.

The open-ended comments for each of the three
scenarios were coded for explanations of individual
decisions. A second coder recoded a randomly se-
lected 20% of the subject responses. Using Cohen’s «
as a measure of intercoder reliability, the two coders
achieved the recommended minimum level of relia-
bility (Cohen’s « = 0.86).

3.3. Descriptive Analyses

The risk attitude measure revealed that, on av-
erage, fire managers were risk neutral (X = 4.08,
SE = 0.10), with approximately 52% of managers re-
porting general risk aversion and 48% reporting gen-
eral risk seeking preferences. The tendency toward
risk aversion was stronger for the items more closely
linked to fire management (but not included in the
risk attitude measure), where the majority of man-
agers reported they were likely to use all resources
at their disposal to minimize risk (79%) and behave
cautiously when managing wildfires (79%). How-
ever, the majority also reported they were likely to
accept the risk of fire escaping to protect ecosystem
health (68%). Analyses of open-ended comments
about the choice between suppression and WFU in-
dicate that many managers believe fire is necessary
from an ecological perspective and that suppression
activities can always be initiated to control a fire that
escapes from prescription, perhaps explaining this
comfort with the risk of fire escaping.

The risk perception measures revealed that,
on average, fire managers believed fire use and
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suppression were neither risky nor safe ( X’Suppression =
3.89, SE = 0.12 and Xfreuse = 4.05, SE = 0.12, paired
t-test = —1.310, p = 0.19). Although only 5% actually
chose the neutral option for both management op-
tions, approximately 50% of managers believed each
was risky and 45% believed each was safe. For the
other risk perception items, managers believed that
the consequences of both suppression and fire use
were well known (Xguppression = 5.53, SE = 0.09 and
KXiireuse = 5.52, SE = 0.08, paired ¢-test = 0.05, p =
0.96). However, managers also believed that fire use
and suppression differed with regard to ecological
benefits and predictability. Specifically, fire use was
perceived as more ecologically beneficial than sup-
pression (Xsppression = 3.68, SE = 0.11 and Xfre yse =
6.12, SE = 0.06, paired t-test = —20.05, p = 0.00), and
suppression was perceived as more predictable than
fire use (Xsuppression = 5.28, SE = 0.07 and Xjre yse =
4.77, SE = 0.10, paired ¢-test = 4.98, p = 0.00).

The mean ratings for each general decision fac-
tor indicated that each was perceived as important
(greater than 4 on a bi-polar 7-point scale). In rank
order, the top five decision factors were weather
(X = 6.78, SE = 0.05), interface constraints (X =
6.66, SE = 0.06), efficient and effective use of re-
sources (X = 6.26, SE = 0.06), potential for fire to
escape (X = 6.16, SE = 0.07), and past personal ex-
perience (X = 6.14, SE = 0.07).

3.4. Experimental Analyses
3.4.1. Scenario 1—Loss Aversion

Initial analyses revealed that none of the cho-
sen predictors were correlated. Binary logistic regres-
sion analysis was then used to measure the effect of
the manipulated categorical predictors (i.e., gain/loss
frame and personal/impersonal risk) and continuous
covariate predictors (i.e., risk attitude and years of
experience) on the dependent variable of choice be-
tween the sure thing and the gamble. The model with
chosen predictors was significant (x> = 87.31, df =
5, p = 0.00), explaining 36-48% of the variance in
subject choice (Cox & Snell R? = 0.36 and Nagelk-
erke R? = 0.48). The outcome frame manipulation
(B=2091,SE =0.56, Wald =27.34,df =1, p = 0.00,
Exp(B) = 18.43) and individual differences in risk at-
titude (B = —0.294, SE = 0.14, Wald = 4.53, df =
1, p = 0.03, Exp(B) = 0.75) significantly contributed
to the predictive ability of the model, supporting hy-
potheses i and iii. More specifically, the odds of a
manager choosing the sure thing were approximately
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Table 1. Scenario 1 Binary Logistic Regression Results
Demonstrating the Main Effect of the Two Manipulated
Categorical Predictors, Interaction Effect of the Two
Manipulated Variables, and Main Effect of the Two Continuous
Covariates (Risk Attitudes and Years in Fire Management) on
the Choice Between the Sure Thing and the Gamble

B SE Wald df Sig. Exp(B)

Personal/impersonal 022 0.60 014 1 071 1.25
risk (cat)

Gain/loss frame (cat) 291 056 2734 1 0.00 1843

Interaction (frame x 027 077 012 1 0.73 1.30
risk)

Risk attitude (cont) —-029 014 453 1 0.03 0.75
Years in mgmt (cont) 0.01 0.02 023 1 0.63 1.01
Constant —-0.83 0.77 116 1 0.28 0.44

18 times higher for someone in the gain frame than
in the loss frame. In addition, the more risk seeking a
manager was, the less likely he or she was to choose
the sure thing (odds of choosing the sure thing de-
creased by a factor of 0.75 for every one unit increase
in risk seeking tendency). The personal/impersonal
risk manipulation, interaction effect, and years of ex-
perience were not significant predictors of choice,
failing to support hypotheses ii and iv (Table I,
p > 0.05).

The open-ended explanations for the decision
were coded into three categories: desire to avoid
risk, willingness to accept risk, and other factors in-
volved in the decision (largely firefighter and/or pub-
lic safety). For those individuals choosing the sure
thing, 76% attributed their choice to a desire to
avoid risk, whereas 2% attributed their choice to be-
ing willing to accept risk (16% cited other factors).
For those individuals choosing the gamble, 78% at-
tributed their choice to a willingness to accept risk,
whereas 1% attributed their choice to wanting to
avoid risk (19% cited other factors). These results
provide additional support for the framing manipu-
lation having an effect on subject choices.

3.4.2. Scenario 2—Discounting

An initial correlation analysis of the indepen-
dent factors and covariates identified a correlation
between risk attitude and the importance of short-
term risk, as well as years of experience and the
importance of long-term risk. Specifically, as risk
seeking increases, the importance of short-term risk
decreases (r = —0.148, p < 0.05), and as years of ex-
perience increases, the importance of long-term risk
increases (r = 0.155, p < 0.05). Given these results,
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the rated importance of short-term and long-term
risk as general decision factors were not included as
covariates in the regression analysis to include both
risk attitudes and years of experience.

Multinomial logistic regression analysis was used
to measure the effect of the manipulated inde-
pendent factor (i.e., type of objective) and covari-
ates (i.e., risk attitude and years in fire manage-
ment) on the dependent variable of choice: mini-
mizing short-term risk, balancing short- and long-
term risk, or minimizing long-term risk. The model
with chosen predictors was significant (x> = 24.65,
df = 10, p = 0.01), explaining 12-14% of the vari-
ance in subject choice (Cox & Snell R?> = 0.12 and
Nagelkerke R?> = 0.14). For the choice between
minimizing long- or short-term risk, years of expe-
rience (B = 0.05, SE = 0.02, Wald = 445, p =
0.04, Exp(B) = 1.05) and the management objec-
tive of ecosystem health (B = 2.15, SE = 0.67,
Wald = 1035, df = 1, p = 0.00, Exp(B) = 8.56)
were significant predictors, supporting hypothesis iv
and partially supporting hypothesis i. More specif-
ically, the odds of a manager choosing to mini-
mize long-term over short-term risk increases by
approximately 1 for every year of additional manage-
ment experience, and by approximately 9 if the ob-
jective is protecting public health and safety rather
than protecting ecosystem health. For the choice be-
tween balancing short-term and long-term risk or
minimizing short-term risk, the management objec-
tive of ecosystem health (B = 1.19, SE = 047,
Wald =6.37,df =1, p = 0.01, Exp(B) = 3.29) is a sig-
nificant predictor. Specifically, the odds of a manager
choosing to balance short-term and long-term risk as
opposed to minimizing short-term risk increases by
approximately 3 if the objective is protecting public
health and safety rather than protecting ecosystem
health. Risk attitude was not a significant predictor,
failing to support hypothesis ii (Table II, p > 0.05).

The open-ended explanations for the decision
were coded into four categories: a desire to balance
short-term and long-term risk, a desire to address
short-term risk, a desire to address long-term risk,
and other factors (largely firefighter safety, achiev-
ing species management objectives, cost, and buy-
ing time to plan for and prevent future fires). Of the
subjects who chose an option that guaranteed lower
risk in the short term, 80% cited minimizing short-
term risk as the reason for their choice. More specif-
ically, many cited the need to minimize short-term
over long-term risk because one can plan for and pre-
vent future fires (further demonstrating this tendency
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to discount long-term risk). Of subjects who chose
the option that gave equal weight to short-term and
long-term risk, 68% cited a need to balance risk as
the reason for their choice. Of subjects who chose an
option that guaranteed lower risk in the long term,
59% cited a need to minimize long-term risk as the
main reason for their choice. These results indicate
that a decision to minimize short-term risk may be
largely driven by just that, a desire to minimize short-
term risk above all else. However, other factors may
play increasing importance in the decision to mini-
mize long-term risk. This choice may be less about
simply wanting to minimize long-term risk, but also
about other factors, such as achieving species man-
agement objectives.

3.4.3. Scenario 3

An initial correlation analysis of the covariates
identified a correlation between risk attitude and the
status quo, as well as perceived risk of suppression
and WFU. Specifically, as risk seeking increases, the
tendency to have chosen suppression in the past de-
creases (r = —0.14, p < 0.05), and as the perceived
risk of suppression increases, so does the perceived
risk of WFU (r = 0.46, p < 0.01). Given these results,
risk attitude and perceived risk of suppression were
not included as covariates to include both the status
quo choice and perceived risk of fire use.

Binary logistic regression analysis was used to
predict the effect of the categorical (i.e., choice frame
and status quo) and continuous variables (i.e., years
of experience and perceived risk associated with
WFU) on the choice between fire use and suppres-
sion. The model was significant (x? = 31.52, df = 4,
p = 0.00), explaining 15-42% of the variance in sub-
ject choice (Cox & Snell R? = 0.15 and Nagelkerke
R? = 0.42). Individual differences in the status quo
(B = 3.56, SE = 0.80, Wald = 19.69, df = 1, p =
0.00, Exp(B) = 35.09) and years in fire management
(B =0.11, SE = 0.05, Wald = 5.10, df = 1, p = 0.02,
Exp(B) = 1.12) significantly contributed to the pre-
dictive ability of the model (Table III), supporting
hypotheses i and iv. More specifically, the odds of
a manager choosing suppression were approximately
(i) 35 times higher for those who indicated suppres-
sion was their status quo as opposed to WFU, and (ii)
one unit higher for every additional year of fire man-
agement experience. The choice frame manipulation
(p =0.91) and perceived risk of WFU (p = 0.12) were
not significant predictors, failing to support hypothe-
ses ii and iii.
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Table II. Scenario 2 Multinomial Logistic Regression Demonstrating the Effect of One Manipulated Independent Factor (Decision
Objective) and Two Covariates (Years in Fire Management, Risk Attitude) on Subject Choice Among Minimizing Short-Term Risk,
Balancing Short-Term and Long-Term Risk, and Minimizing Long-Term Risk

95% CI for

Exp(B)
Dependent Variable Predictors B SE Wald df Sig. Exp (B) Lower Upper
Minimize long-term risk? Intercept —4.23 1.00 18.09 1 0.00
Years in fire mgmt 0.05 0.02 4.45 1 0.04 1.05 1.00 1.09
Risk attitude 0.30 0.15 3.68 1 0.06 1.34 0.99 1.82
Ecosystem health® 2.15 0.67 10.35 1 0.00 8.56 231 31.65
Property® 1.05 0.69 2.33 1 0.13 2.87 0.74 11.07
T&E species® 1.20 0.66 3.30 1 0.07 3.32 0.91 12.13
Balance risk® Intercept —1.68 0.69 5.99 1 0.01
Years in fire mgmt 0.02 0.02 1.19 1 0.28 1.02 0.99 1.05
Risk attitude 0.17 0.12 1.99 1 0.16 1.19 0.94 1.51
Ecosystem health? 1.19 0.47 6.37 1 0.01 3.29 1.31 8.28
Property® 0.17 0.48 0.12 1 0.73 1.18 0.46 3.02
T&E species® 0.35 0.45 0.61 1 0.44 1.42 0.59 3.42

2The reference category is: Minimize short-term risk.
This reference category is: Protect public health and safety.

Table III. Scenario 3 Binary Logistic Regression Results
Demonstrating the Effect of the Manipulated Categorical
Predictor (Risk—Risk Versus Risk—Certain Choice Frame), One
Categorical Covariate (Status Quo), and Two Continuous
Covariates (Wildland Fire Use Risk Perception and Years in Fire
Management) on the Choice Between Suppression and Fire Use

B SE  Wald df Sig. Exp(B)
Status quo 356 080 19.69 1 0.00 35.09
Choice frame  —0.08  0.76 001 1 0.91 0.92
WEFU risk -036 023 240 1 0.12 0.70
perception
Years in fire 0.11  0.05 510 1 0.02 1.12
mgmt
Constant -543 176 9.48 1 0.00 0.00

The open-ended explanations for the decision in
scenario 3 were coded into seven categories largely
consistent with previous research:(!") logistical chal-
lenges (e.g., staffing, cost), benefits of fire on the land-
scape, agency issues (e.g., support, mandates), source
of the ignition (e.g., human vs. lightning), safety, pub-
lic involvement, and other factors. For both those
choosing fire use and those choosing suppression, ap-
proximately half of the subjects cited logistical chal-
lenges and safety as the main reasons for their choice.
For those choosing WFU, 39% cited the benefits of
fire as a reason (as opposed to only 18% of those
choosing suppression). For those choosing suppres-
sion, 36% cited agency issues and limitation as a rea-

son (as opposed to only 10% of those choosing fire
use). These findings are consistent with past research
showing that the decision to engage in WFU hinges
on personal commitment to returning fire to the land-
scape, whereas inhibitors to fire use include resource
availability, safety and agency support.(!!)

4. DISCUSSION

The research reported here was designed to ex-
plore the factors influencing decision making among
USDA Forest Service personnel with authority to
choose to manage wildfire events through suppres-
sion or WFU. In particular, the scenarios were de-
signed to test whether or not these individuals might
be subject to common heuristics and biases in deci-
sion making that lead to an aversion to loss, a ten-
dency to discount long-term risk, and a preference
for maintaining the status quo. There was evidence
that each of these biases may exist, although they
were often more or less pronounced depending on
individual differences in risk attitudes and years of
experience.(V)

With regard to loss aversion, individuals who
were presented information about the decision that
primed them to focus on the potential gain associated
with each option (i.e., homes saved) were more likely
to take the safe option, avoiding the risky choice,
despite the overall expected value of each option
being the same (Fig. 1). This tendency toward loss
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Fig. 1. Scenario 1 results showing the percentage of respondents
who chose the sure thing versus gamble or risky option in the gain
and loss frames. Subjects in the loss frame were more likely to
choose the gamble whereas subjects in the gain frame were more
likely to choose the sure thing.

aversion was less pronounced among managers who
were more likely to seek risk in their everyday
management decisions. These individuals were more
likely to choose the gamble or the risky option re-
gardless of how the decision relevant information
was framed. These findings point to a potential cumu-
lative effect in individual tendencies to seek or avoid
risk when responding to wildfire events, leading to
the potential for either overly cautious or overly risky
behavior depending on the combination of the in-
dividual’s risk attitude and the decision frame that
is adopted based on available information. Given
that fire managers must account for individual, soci-
etal, and organizational attitudes toward risk there is
likely to be a disconnect between individual or per-
sonal risk preferences and those imposed by society
or the agency. If the agency culture or mandate is to
err on the side of caution (which many respondents
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felt was the case), there will be those who further en-
hance this position, whereas there will be those who
counterbalance this position through their own per-
sonal preferences.

With regard to discounting, managers demon-
strated a tendency to prefer minimizing short-term
risk in their decision making, leading to general risk
aversion in the short term and discounting of long-
term risk (Fig. 2). One such explanation from a sub-
ject summed up the sentiments of many: “My im-
mediate priority is to protect life and property now.
Measures can be taken later to prevent the long term
risk.” Such sentiments indicate a perceived ability to
control future catastrophic events, or a belief that the
likelihood of such an event may shift, making it more
important to address the immediate threat. However,
this discounting was less pronounced among man-
agers with more experience. One potential expla-
nation is that with experience comes an increased
ability to use intuitive expertise to inform decision
making in a constructive way. Specifically, Kahne-
man and Klein®? suggest that skilled intuition re-
sults when the decision environment provides reli-
able cues and the individual has the opportunity to
learn those cues. With time, it would be expected that
fire managers would have an increased ability to rec-
ognize appropriate cues during the decision process,
whereas individuals with less experience would not
have the ability to recognize these cues.

Managers also appear to be subject to a status
quo bias, choosing suppression in response to a wild-
fire event more often when their typical choice was
suppression (Fig. 3). However, only 19 individuals
or 10% identified suppression as their status quo re-
sponse to a wildfire occurring in a wilderness area
with an approved WFU plan. This response seems

133_ = EZ Minimize Short-Term Risk
2 80+ EE Balance Risk
Fig. 2. Scenario 2 results showing the 2 704 : B3 Minimize Long-Term Risk
percentage of respondents who chose an e 604 .
option that resulted in a greater 8 507 .
reduction of short-term risk, a balance of ‘E 404 K
reducing short- and long-term risk, or a o 309
greater reduction of long-term risk across b 204
the four decision objectives. With the 104
exception of ecosystem health, 0-
respondents.chose to minimize . Ecosystem Property T&E Public
short-term risk more than long-term risk. health n =44 species safaty
n=52 n==52 n =50

Objective
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Fig. 3. Scenario 3 results showing the percentage of respondents
who chose fire use and suppression within each of two groups cre-
ated by their self-reported status quo.

contrary to current trends in agency decision mak-
ing, where approximately 60% of lightning caused
fires in approved WFU areas between 2002 and 2004
were suppressed.®) A potential explanation for this
inconsistency between actual and reported decision
making is twofold: (1) our sample may have been
slightly biased toward those who were more comfort-
able with fire use as indicated by our nonresponse
survey, and (2) many managers identified fire use
as their status quo but then explained that choosing
to engage in fire use does not preclude suppression.
Fire use is not perceived as a permanent decision but
rather an opportunity to achieve ecological benefits
while maintaining the ability to suppress the fire if
conditions or the probability of success changes. As a
result, there is the potential for fire use to be chosen
initially but abandoned for suppression given chang-
ing conditions.

Even so, the status quo bias was particularly pro-
nounced among managers with more years of experi-
ence. This finding is consistent with a recent study of
fire information users, which found that those with
longer tenure in their position were less likely to
rely on predictive information in making fire man-
agement decisions.(!) These individuals were also
less likely to take action based on that information
when compared to individuals with shorter tenure
in position, demonstrating an experience-based bias
that leads to a greater reliance on fuzzy and intu-
itive processing in decision making.*® This finding is
seemingly contradictory to the relationship between
experience and discounting, where additional expe-
rience reduced use of that particular heuristic. One
potential explanation is that, despite the tendency
to recognize the importance of long-term risk man-
agement with increasing experience and not exhibit
short-term risk aversion, this preference was only ex-
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hibited in the scenario where the specific manage-
ment technique was not specified. When the choice
was actually between fire use and suppression, indi-
viduals with more years in fire management may be
more influenced by traditional agency practices, and
more aware of the price paid by fire use gone wrong,
increasing their reliance on a status-quo-biased intu-
itive judgment. As one such subject stated, “I would
like to think I would select Fire Use if long-term fore-
casts and expected fire behavior/time remaining in
fire season looked favorable. The agency and respon-
sible officials will take a beating from our politicians
and media if the fire goes poorly. And that is why fire
use is so seldom selected. One aw-s**t, erases 10,000
atta-boys.” The availability of an informed choice
gone wrong is perhaps increased among those man-
agers with greater experience.

The results of this study point to the need to care-
fully construct the decision process to assist managers
in avoiding common heuristics and biases that result
from (1) biased framing of decision relevant infor-
mation, (2) an inability to address short- versus long-
term risk tradeoffs, and (3) an overreliance on past
experience, causing it to dominate rather than inform
future decisions. Although intuition resulting from
expertise can be very useful in some decision con-
texts, fire management is a context that does not fall
neatly into the model of skilled intuition proposed by
Kahneman and Klein.®? Our results provide support
for the idea that with experience individuals have the
ability to adequately learn the cues that lead to the
adaptive use of heuristics and intuitive judgments.
However, fire management is not a high-validity en-
vironment, or a static environment with predictable
outcomes and reliable feedback.®¥ In addition, man-
agers also have to make decisions that have impor-
tant temporal and spatial consequences, adding to
the complexity of the decision environment. As a re-
sult, fire managers cannot be expected to rely solely
on intuition and learned expertise when responding
to a wildfire event. Line officers are expected to guide
their decisions based on the existing fire management
plan, and from that decision delegate an approach to
incident command. They are also required to con-
tinue to monitor and weigh the results of that de-
cision and impacts on the ecosystem. In both cases
expertise and experience inform these processes, but
are never the sole source of information on which
these choices are based.

In an attempt to help managers make more in-
formed wildfire management decisions in this highly
dynamic environment, the U.S. Forest Service uses
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a decision-support process that incorporates situa-
tional assessment, analysis of hazards and risk, se-
lection of implementation actions, and documenta-
tion of decisions and rationale for those decisions.>
Tools are available to managers to support wild-
land fire decision making and steps in the deci-
sion process, for example, WFSA, or Wildland Fire
Situation Analysis, and more recently the WFDSS
(Wildland Fire Decision Support System; see Ref.
36). According to McDaniel,?% the WFDSS incor-
porates a stratified cost index that includes values at
risk, the probability of fire spread, and values threat-
ened, drawing from local public surveys and records.
However, these tools may not take into account the
need for information to be presented in a way that
balances consideration of potential gains and losses,
especially those that are short and long term. In addi-
tion, such tools may not be widely used given respon-
dent comments that indicated a tendency to rely on
experience, as well as individual, society, or agency
tolerance for risk. One respondent commented, “I
would not change my mind if I believed the condi-
tions were good no matter what a graph/tree would
show. Now my boss may change my mind, depending
on the amount of risk they would be willing to take or
not.” Another stated, “[your] decision matrix [was]
not that helpful, existing experience would indicate
that it was the right decision.” And finally: “The day
line officers rely on decision trees is the day they
should stop being a line officer.” Cohen!® reported
that the focus on suppression in the Wildland Urban
Interface to minimize risk to residences is the major
driver of exchanging short-term gains for longer term
losses. This suggests an agency norm that perpetuates
and aligns with the discounting principle, nested in a
complex social and political environment. The future
challenge will be for society and managing agencies
to respect the role of intuitive expertise where it is
appropriate, whereas individual managers must learn
to recognize potential flaws in their intuition and the
need to supplement decisions with additional train-
ing and support. Paired with that is the greater con-
textual challenge to address external pressures that
continue to drive the focus on shorter term risk.(!)
Although recent guidance for federal wildland fire
management suggests a consideration of longer term
benefits,®> concerns over risks to life and property
in the short term will remain considerable forces in
fire management decision making.

The findings presented here shed light on the
risk-based patterns of decision making by individu-
als with a breadth and depth of experience in a do-
main where the decision is both influenced by, and
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has an influence on, the individual decisionmaker, so-
ciety, and the managing organization. As expected,
these individuals often use the same heuristics and
are subject to the same biases exhibited by laypeo-
ple; however, these intuitive short-cuts may be both
enhanced or decreased by experience and individual
attitudes toward risk. Existing support tools should
be assessed for their ability to prevent excessive loss
aversion, and in particular loss aversion in the short
term. Such tools could present predicted impacts
from suppression or WFU in terms of both gains
and losses. In addition, they could include predic-
tions of short-term versus long-term risks and bene-
fits, and explicitly facilitate tradeoffs across this tem-
poral dimension to avoid heuristic processing of this
information.

In addition to improved support tools available
at the time of the decision, the individual risk atti-
tudes of managers could be assessed and tools and
training personalized to prevent overly cautious or
overly risky behavior. Tools could be evaluated for
willingness and likelihood of reliance on information,
along with an assessment of barriers to that reliance
(see, e.g., Ref. 16). Finally, the findings presented
here should be tested among other federal fire per-
sonnel (e.g., National Park Service, Bureau of Land
Management), as each agency operates under the
same federal fire policy, but different agency struc-
tures and cultures. The findings should also be tested
for confirmation in naturalistic settings. For exam-
ple, agencies could ensure the completion of decision
logs and might add debriefing interviews following
each wildfire event. Such consistent tracking mecha-
nisms, which are in line with the current policy, could
provide insight into the extent that these biases are
reflected outside of hypothetical scenarios, and the
degree to which personal experience predicts the out-
come or the presence of a particular bias. They may
also be helpful in understanding other factors implicit
in decisions that affect selection of actions during a
fire event. Pairing this with the work reported here
will improve our understanding of how science can
inform tools and application of tools to support and
enhance fire management decisions.
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APPENDIX

The following items were included in the follow-
up nonresponse phone survey. The original, full
survey instrument is available upon request at
wilson.1376@osu.edu.

(1) Considering the majority of your wildfire ex-
periences in the last 2 years, which designation
best fits your USDA FS fire management role?
Incident Commander, Deputy Incident Com-
mander, Operations Chief, Forest Supervisor,
District Ranger, None of the Above

(2) And, considering the location in which you
conduct the majority of your fire management
activities, would you say that it is at the na-
tional, regional, or forest level?

(3) How many years of experience do you have in
fire management?

(4) To what extent does the USDA FS share your
values about fire management? Does not share
at all, Mostly does not share, Does not share a
few, Neither, Shares a few, Shares most, Shares
all

(5) Imagine that a fire breaks out in a Wilderness
area, and you have to make a decision on how
to respond. Your fire management plan allows
you flexibility in choosing between suppression
and WFU depending on the specific risks in-
volved. In this case, the wildfire has occurred
in an area that does not place public safety or
private property at risk. When you have faced
similar situations in the past, what was your
typical response? Suppression or Fire Use

(6) How likely is it that you would behave cau-
tiously when managing wildland fires? Ex-
tremely Unlikely, Moderately Unlikely, Some-
what Unlikely, Unsure, Somewhat Likely, Mod-
erately Likely, Extremely Likely

(7) To what extent do you believe the con-
sequences of fire suppression are unknown
or known? Largely Unknown, Moderately
Unknown, Somewhat Unknown, Neither Un-
known nor Known, Somewhat Known, Moder-
ately Known, or Largely Known

(8) And, using that same scale ... to what extent
do you believe the consequences of fire use are
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unknown or known? Largely Unknown, Mod-
erately Unknown, Somewhat Unknown, Nei-
ther Unknown nor Known, Somewhat Known,
Moderately Known, or Largely Known

(9) Fire management decisions are obviously very
complex and prone to influence from many
different factors both within your control and
outside your control. Assuming a wildfire has
occurred, conditions specified in your fire use
plan are met, and you were given the choice,
how important are the following two factors in
your “go-no go” decision regarding whether to
allow the fire to burn to achieve resource ob-
jectives or engage in suppression activities? Ex-
tremely Unimportant, Moderately Unimportant,
Somewhat Unimportant, Neither Unimportant
nor Important, Somewhat Important, Moder-
ately Important, or Extremely Important

i. Lack of scientific knowledge or uncertainty
(within the agency)

ii. Interface constraints (e.g., presence of
homes, public safety)

(10) Please indicate how confident you feel in your
ability to make informed fire management
decisions: Extremely Unconfident, Moderately
Unconfident, Somewhat Unconfident, Neither
Unconfident nor Confident, Somewhat Confi-
dent, Moderately Confident, or Extremely Con-
fident

(11) And now, I’d like to ask the reason for your
non-response to the survey invitations sent
by Dr. Wilson and Dr. Winter (all possi-
ble reasons were noted): Lack of time, Lack
of interest in surveys, Too many surveys,
Problem with survey site, No official support or
direction to participate, Other

Scenario 1

Imagine that a wildfire breaks out placing 100
residences at-risk. Your own home and community
are (not) placed at-risk by the wildfire. You have two
options that are both consistent with your fire man-
agement plan. However, both options carry some
risk. (Subjects asked to pick one of the options below.)

Option 1: You are sure to save 25 (lose 75) homes

Option 2: You have a 25% (75%) chance of sav-
ing (losing) 100 homes and a 75% (25%) chance of
saving (losing) no homes
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Scenario 2

Now imagine that a wildfire breaks out and you
are considering your options for management. You
have nine different options (each representing some
combination of techniques) that are predicted to re-
sult in a certain amount of short-term and long-term
risk to your objective of interest. In this case, you
are primarily interested in minimizing risk to (sub-
jects provided with one of the following):

(1) ecosystem health because of the remote loca-
tion of the fire

(2) private property because of the proximity of
the fire to a resort town where the residents
have already been evacuated

(3) endangered species because of the immediate
risk to a particular species of interest

(4) human health and safety because of the prox-
imity of fire to an urban area

The risk posed by each management option re-
flects the probability that another wildfire event will
occur over the specific time period and that the con-
sequences of that fire will be catastrophic to your ob-
jective of interest. For example, management option
1 poses low short-term risk, or a 10% chance of fire
within the next year with catastrophic consequences
for X. However, management option 1 does pose
high long-term risk, or a 90% chance of fire within
the next 10 years with catastrophic consequences for
X.

Please select the option that is most acceptable to
you based on the trade off between short and long-
term risk. Remember that you are primarily con-
cerned in this context about minimizing risk to X.
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Scenario 3

For this scenario, imagine that a fire breaks out in
a Wilderness area, and you have to make a decision
on how to respond. Your fire management plan al-
lows you flexibility in choosing between suppression
and WFU depending on the specific risks involved.
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In this case, the wildfire has occurred in an area that
does not place public safety or private property at
risk. When you have faced similar scenarios in the
past, what was your typical response? (Subjects asked
to choose suppression or fire use.)

Now consider in making the previous choice that
you had the following decision tree to assist you.
In the scenario described previously recall that this
wildfire will have no impacts on public health or
safety but it will have differing impacts on ecosys-
tem health, agency resources, and agency reputa-
tion. Positive signs indicate a positive outcome given
the particular decision (i.e., ecosystem health im-
proved, resources used efficiently). Negative signs in-
dicate a negative outcome (i.e., ecosystem health de-
creased, inefficient use of resources, decreased trust
in agency), whereas a double negative indicates even
greater negative consequences.

(Subjects provided with one of the two following
figures and then asked choose fire use or suppression
given the information in the decision tree.)

Agency
H; t 4
abdtal Resources Reputation
Burns within
__prosciption + + ]
Suppression
5 - 0
Agency
Hab#tat Resources Ropulation
Burmns within
cription + & o
Fire: Use
Burns outside
Mo wikdiire within
0
Suppression
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