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Abstract. We describe how two important tools of wildfire management, wildfire prevention education and prescribed
fire for fuels management, can be coordinated to minimise the combination of management costs and expected societal
losses resulting from wildland fire. We present a long-run model that accounts for the dynamics of wildfire, the effects of
fuels management on wildfire ignition risk and area burned, and the effects of wildfire prevention education on the ignition
risk of human-caused, unintentional wildfires. Based on wildfire management activities in Florida from 2002 to 2007, we
find that although wildfire prevention education and prescribed fire have different effects on timing and types of fires, the
optimal solution is to increase both interventions. Prescribed fire affects whole landscapes and therefore reduces losses
from all wildfire types (including lightning), whereas wildfire prevention education reduces only human-caused ignitions.
However, prescribed fire offers a longer-term solution with little short-term flexibility. Wildfire prevention education
programs, by comparison, are more flexible, both in time and space, and can respond to unexpected outbreaks, but with
limited mitigation longevity. Only when used together in a coordinated effort do we find the costs and losses from
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unintentional wildfires are minimised.

Additional keywords: fire economics, hazard mitigation, wildland—urban interface, wildland fire.

Introduction

Wildfires are produced on a landscape from a combination of
purchased and free inputs. Free (i.e. non-market) inputs to
wildfire include natural fuels (vegetation), weather conditions,
and lightning ignitions and those caused by humans. Purchased
inputs include anything employed by fire managers to affect fire
occurrence, extent, and intensity. Wildfire managers operate ina
world of constraints to their actions to affect wildfire processes,
so the decisions made are typically choices among competing
means of intervening in wildfire processes.

Economic theory (e.g. Rideout and Omi 1990) provides a
framework for understanding the effects of decisions and
quantifying the trade-offs among alternative actions: under risk
neutrality, minimising the sum of management costs incurred
and the expected losses experienced by society from wildfires
that occur. In economics, at the optimum, the cost of the last unit
of each purchased input reduces the expected losses by the
identical amount. Because inputs and wildfires themselves have
both short- and long-run impacts on costs and losses, this
economic expression of optimality —and hence purchased input
trade-offs — is inherently long-run (e.g. Mercer et al. 2007).

A challenge in empirical wildfire economics is obtaining the
information needed to quantify the marginal contributions among
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alternative fire management actions, enabling better decision-
making. This article describes how two important purchased
inputs of wildfire management, wildfire prevention education
and prescribed fire, can be used in combination to achieve the
economic objective of minimising the sum of long-run manage-
ment costs and expected societal losses. We describe a long-run
model that accounts for: (1) the dynamics of wildfire, which
provides fuel reduction as a free input in subsequent fire seasons;
(2) the short- and long-run effects of fuels management on fire
extent and occurrence; and (3) the short- and long-run effects of
wildfire prevention education on the occurrence and extent of
targeted unintentional wildfires (i.e. human-caused, unintentional
ignitions targeted by prevention education activities).

This paper makes the following contributions to the litera-
ture. First, we outline a model that incorporates both fire
ignitions and prescribed fire in an economic model of wildfire
management. Second, we describe the trade-off between wild-
fire prevention and prescribed fire in the pursuit of an optimal
policy. Prescribed fire operates over whole landscapes and
therefore affects the losses associated with all fire types,
whereas fire prevention only operates directly on a subset of
potential fire starts. Previous research has focussed on indivi-
dually optimising either fuels management activities (e.g. Yoder
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2004; Mercer et al. 2007; Wei et al. 2008; Kim et al. 2009) or
suppression resources (MacLellan and Martell 1996; Donovan
and Rideout 2003; Donovan 2006; Haight and Fried 2007), so as
to minimise the expected losses of wildfire. Joint optimisations
have been explored, but these have focussed on optimising
between a preoperational and an operational phase (Minciardi
et al. 2009), such as optimising effort between fuels manage-
ment (preoperational phase) and suppression (operational
phase) (e.g. Drucker et al. 2008; Mercer et al. 2008). We,
instead, optimise over two preoperational wildfire management
strategies while holding suppression effort constant. Third, we
show that the quantities of free inputs (that is, inputs provided by
nature or society that are not intended to manage wildfire) affect
trade-offs and optimal amounts of purchased inputs in wildfire
management, implying that the optimal combinations of pur-
chased inputs should vary, along with the variation in free
inputs, both over time and across space.

The organisation of the rest of the manuscript is as follows: the
second section presents our theoretical model of wildfire manage-
ment economics; the third section describes the study site and the
two wildfire management variables of interest (wildfire preven-
tion education and prescribed fire treatments); the fourth section
introduces the empirical model of wildfire ignition risk and the
fifth section describes the optimisation methodology; the sixth
and seventh sections present the empirical and optimisation
results; and the eighth section provides the conclusion.

Theoretical model

The expected cost-plus-loss of wildfire is the sum of expected
ignitions multiplied by the expected fire size and the loss value
per hectare, and the sum of all the intervention costs. Let 7/, be the
count of ignitions of targeted unintentional fire types in location i
(i=1toJ)inperiod?(t=1to T); I}, be the count of other ignitions
(i.e. other non-targeted unintentional, intentional, and naturally
occurring wildfire ignitions) in i and ¢ x{ be a vector of an
unspecified number of lags of wildfire prevention actions in
period #; xX be a vector of an unspecified number of lags of other
actions (e.g. prescribed fire); z; be an unspecified number of lags
of free inputs to wildfire production in period z. Thus, targeted
unintentional and other ignitions can be represented as

Ift :f(xfyxfali)
and
I :f(xf’zi)
The size of wildfires, 4;,, is a function of lagged values of
prescribed fire and free inputs, as prevention inputs do not

directly influence fire size,” and can be represented by:

A = AF 7))
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Let w” be an index of the price of wildfire prevention actions,
x?, the quantity of those actions in period #, w" be an index of the
price of other actions, and xf, the quantity of those other actions
in period ¢, so that the costs of intervention C; , are:

Ci,t :\’Vprt"_WRxft

The fire management problem is:

l’l’lll’lM ZZ +7) {C11+SPE[IPI‘A A+ SLEAL LY
(1)

where M is the expected cost-plus-loss of wildfire, S7, and
S, are the loss per hectare of targeted unintentional and non-
targeted wildfire, £ is the expectations operator, and r is the
discount rate. As written, fire prevention efforts directly affect
only %, whereas the other inputs to the fire production process
(prescribed fire and free inputs) affect all ignitions as well as the
expected fire sizes of both types of fires.

The optimal allocation of wildfire prevention education
(x’7 ) across space and time and the analogous allocation of
prescribed fire (x;, 2") would yield a long-run minimum of the
objective function (minimising cost-plus-loss) at M*. At the
optimum, the partial derivative of M* with respect to xp : should
equal the unit prlce of those efforts, or IM*/Ox)F = wP; simi-
larly, OM*/ 6xR wR. Depending on the spemﬁcatlon of the
ignition process, free inputs may affect optimal levels of
purchased inputs (i.e. a non-linear in parameters functional
form). For example, a Poisson specification of the ignition
process implies that inputs are non-separable and thus optimal
input quantities are jointly determined.

Wildfire interventions

Wildfire prevention education (WPE), defined here as the
avoidance of targeted unintentional human-caused wildfires
through education,® includes activities such as radio, television
and newspaper public service announcements (PSAs); home
visitations (Visits); presentations (Presentations); flyers and
brochures distributed (Brochures); and community wildland
hazard assessments (a systematic, community-wide wildfire risk
analysis) (Assessments). We also explored the effect of pre-
scribed fire fuel treatments, those specifically targeted towards
reducing wildfire hazards, on targeted unintentional ignitions.
WPE and prescribed fire offer land managers different
mechanisms to minimise the impact of future wildfire.

We explored the effect of these two interventions across the
four wildfire management regions in Florida (see Fig. 1). Region 1
includes 16 counties in the panhandle of Florida, as well as the
cities of Tallahassee and Pensacola and, along with Region 2,
represents the primary timber-growing region of the state. The 18
counties in Region 2 are home to both the city of Jacksonville and

APrevention success may affect fuels, and thereby, indirectly affect wildfire size. We address this negative feedback below.

BThese include debris fire escapes, campfire escapes, and fires caused by discarded cigarettes and by children. We ignore other kinds of unintentional fire starts

(such as equipment and railroad fires) because they are not the focus of wildfire prevention education, and we ignore arson because its occurrence is affected by

a different combination of managerial (and law enforcement) actions (e.g. Prestemon and Butry 2005).
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the extreme southern part of the Okefenokee Swamp. Region 3
includes 15 counties in central Florida, including the cities of
Orlando, Daytona, and Tampa. The southernmost region, Region
4, in its 18 counties includes Lake Okeechobee, the Everglades,
the city of Miami and the Keys.

Over the study period (2002 to 2007), Florida experienced
6338 targeted unintentional ignitions accounting for 39 186 ha
burned. The number of targeted unintentional wildfire ignitions
varied between 20 per month in Region 3 to 37 per month in
Region 2 (see Table 1). The number of hectares burned varied

., Region 1

Region 2

Region 3

Region 4

Fig. 1. Fire management regions in Florida.
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between 103 hamonth™' in Region 1 to 335hamonth™' in
Region 2. Region 2 experienced more than twice the amount
of burned hectares than the next fire-prone region (Region 4).
Although targeted unintentional ignitions made up 37% of all
wildfire ignitions reported over this period, targeted uninten-
tional wildfires remained small. They comprised only 7% of the
total burned hectares. In the past (i.e. before the study period),
targeted unintentional wildfires have accounted for larger areas
burned (natural fires may burn larger areas owing to changes in
climate and weather). However, because targeted unintentional
ignitions are caused by humans, these wildfires tend to occur in
places close to values at risk (e.g. Bradshaw 1988; Butry et al.
2002).

Over the study period, more than 0.6 million hectares burned
from wildfire. Another 1.5 million hectares were authorised
for burning by silvicultural-based prescribed fire treatments
targeting hazardous fuels. The number of prescribed fire permits
issued varied from as low as 28 per month in Region 4 to as
high as 149 per month in Region 1, on average (see Table 1).
Region 1 also averaged the most requested number hectares
for treatment, at 9314 hamonth™', compared with Region 2
with 2625 hamonth ™. On average, monthly prescribed fire fuel
treatments involve 8 to 90 times more hectares than do wildfires.

The intensity and mix of WPE activities varied by wildfire
management region (see Table 2). Distributing Brochures was
the most common activity across regions (176452 were dis-
tributed in all). PSAs were also very common (30 931). Overall,
television PSAs (12 504) were most widely used, followed by
newspaper (11 020) and radio (7407) spots. Also used were 7314
Visits, 890 Presentations, and 156 Assessments.

Timing is important when developing mitigation strategies.
Fig. 2 presents the average seasonality of targeted unintentional
and non-targeted wildfire ignitions (e.g. arson and lightning),
authorised prescribed fire hectares and WPE activities over the

Table 1. Monthly number of targeted unintentionally ignited wildfires and hectares burned, and prescribed fire (for hazard reduction) permits
issued and hectares treated in Florida from 2002 to 2007, by regions

Average Minimum Maximum Observations

Region 1

Targeted unintentional wildfire ignitions 27 1 128 58

Targeted unintentional wildfire hectares 103 0 1008 58

Prescribed fire permits 149 2 836 58

Prescribed fire hectares 9314 1.2 51750 58
Region 2

Targeted unintentional wildfire ignitions 37 2 139 57

Targeted unintentional wildfire hectares 335 0.2 14423 57

Prescribed fire permits 85 1 420 57

Prescribed fire hectares 2625 1.2 13156 57
Region 3

Targeted unintentional wildfire ignitions 20 1 78 60

Targeted unintentional wildfire hectares 105 0 1614 60

Prescribed fire permits 41 0 160 60

Prescribed fire hectares 3662 0 14398 60
Region 4

Targeted unintentional wildfire ignitions 26 0 97 57

Targeted unintentional wildfire hectares 136 0 1277 57

Prescribed fire permits 28 0 98 57

Prescribed fire hectares 3696 0 15240 57
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Table 2. Monthly wildfire prevention education activities recorded by wildfire mitigation specialists in Florida
2002 to 2007, by regions
PSAs, public service announcements
Monthly
Average Minimum Maximum Observations
Region 1
Radio PSAs 44 2 143 58
TV PSAs 5 0 48 58
Newspaper PSAs 5 0 39 58
Visits 96 0 1923 58
Presentations 0.3 0 1 58
Brochures 162 0 1935 58
Assessments 0.2 0 1 58
Region 2
Radio PSAs 38 0 704 57
TV PSAs 59 0 911 57
Newspaper PSAs 75 0 1181 57
Visits 9 0 210 57
Presentations 2 0 23 57
Brochures 904 0 3400 57
Assessments 0.8 0 13 57
Region 3
Radio PSAs 7 0 42 60
TV PSAs 23 0 147 60
Newspaper PSAs 14 0 83 60
Visits 4 0 115 60
Presentations 6 0 37 60
Brochures 275 0 1897 60
Assessments 0.6 0 6 60
Region 4
Radio PSAs 41 0 283 57
TV PSAs 131 10 1630 57
Newspaper PSAs 99 0 2031 57
Visits 16 0 500 57
Presentations 6 0 109 57
Brochures 1737 0 24500 57
Assessments 1 0 9 57

2002 to 2007 study period. Shown is the monthly count of each
data series compared with its 12-month average value. Targeted
unintentional wildfire ignitions peaked in the late winter and
early spring (i.e. the dry season), as did authorised prescribed
fire treatments, Brochures (including flyers and CDs) distrib-
uted, and Presentations. Media PSAs and Homes Visits peaked
prominently in late spring and early summer. Assessments did
not show any strong seasonal trend. Interestingly, Media PSAs
and Homes Visits peaked after the peak of targeted unintentional
ignitions. Non-targeted ignitions peaked during this period,
providing an indication that climatological and fuel conditions
in the summer improve wildfire ignition success. Likely this
explains why prescribed fire authorisations also were fewer
during this fire-prone period (i.e. higher likelihood of escaped
prescribed fires).

Casually, it appears wildfire mitigation effort reduced tar-
geted unintentional ignitions, as periods of high effort were
followed by periods of lower targeted unintentional ignitions. Of
course, it also looks as if high periods of effort were accom-
panied by high periods of ignitions, so there is likely to be some
simultaneous determination occurring. Our statistical model,

presented in the next section, untangles the complicated rela-
tionships between wildfire and prevention by accounting for
endogeneity and other factors related to the ignition generation
process (e.g. weather, fire history, and socioeconomic charac-
teristics of the spatial units of inference).

Empirical model

The statistical model estimates the effect of free inputs
(including the weather, vegetation and climate) and purchased
inputs (WPE and prescribed fire) on the monthly occurrence of
targeted unintentional wildfires across the four fire management
regions. We assume the occurrence of reported targeted unin-
tentional wildfire follows a Poisson distribution:

[lPI — ea’Z:.nLﬁ/Xi.r—kvLEi.r (2)

where £, is the number of targeted unintentional wildfires for
location i in time ¢, z are the free inputs to wildfire production, x are
the M interventions occurring over the current and k previous
months, o and S are the parameters associated with the inputs and
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Fig. 2. Trends of percentage deviation from average monthly count of media public service announcements

(PSAs); visits; presentations; brochures; assessments given, prescribed fire fuel treatments (for hazard reduc-
tion); targeted unintentional ignitions, and non-targeted ignitions.

interventions respectively and ¢ is an error term. Because of
simultaneity between the number of targeted unintentional wild-
fires and interventions, the inputs to wildfire production are
correlated with the error term, E[e,,,; JX,,.;,] # 0. Thus, we augment
Eqn 2 with a set of auxiliary equations, called ‘control functions’ to
construct a set of variables to control for the unobserved hetero-
geneity creating bias in Eqn 2 (see Hausman 1978):

3)

where h is a set of instruments and ¢ is a normally distributed
error term. Procedurally, the controls are obtained by regressing
intervention effort on the set of instruments and estimating the
residuals, so that:

/
Xm,it = ymhnz,i,t + Cm,it

~ ~!
Cmiit = Xm,it — 'ymhm,i‘t (4)
Eqn 2 is augmented to become:
P 2B X 0+
If, = utrt, (5
where £ is a normally distributed error term, and by construction
it is not correlated with the inputs to wildfire production (i.e.

E[&pislXmis> Emis] = 0). We used maximum likelihood estima-
tion to maximise the log-likelihood function based on Eqn 5:

1 T
InL = E E _e“,Z[.I“Fﬂ,xL/—k‘Fa/Ei.tJ"éi.l
i=1 t=1

+ (Oflzi,z + ﬁ/xi,sz + (S/ci,l)]l{)t - ln(]z{)t!) (6)

The intervention variables, X;,, include WPE variables
for current and k=6 lagged months (a vector that includes
the individual sums of the WPE variables over the previous
6 months) and the area of prescribed fire permits issued in the
previous 1, 2, and 3 years (e.g. Mercer et al. 2007). The WPE
variables include the number of media public service announce-
ments (TV, radio, and print ads) (PSAs), homes visited (Visits),
presentations given (Presentations), brochures and flyers dis-
tributed (Brochures), and community wildfire hazard assess-
ments (Assessments) provided in current month ¢ and over the
last 6 months (Florida Division of Forestry, fire prevention
activities by wildfire mitigation specialist by month, paper
and electronic records, 1999-2007, pers. comm., 23 April
2008). Although several other WPE measures (fairs, billboards,
movie-theatre public service announcements) were undertaken
by wildfire prevention specialists, the occurrence of such
measures was too infrequent to allow for identification. All
included WPE variables were normalised by population, but
population was included as an additional explanatory variable in
the statistical models to account for the changes in the levels of
the integer Poisson process. The other intervention variables
include the annual area authorised for hazard removal (as
opposed to for ecological or wildlife reasons) by prescribed
burning (Florida Division of Forestry, prescribed fire permits
issued, electronic records, 1989-2007, pers. comm., 22 August
2008) lagged up to 3 years to account for treatment longevity
(Outcalt and Wade 2004).

The vector of free inputs, z;,, includes measures of fire
weather (relative humidity (RH, current month and 12-month
lag), Keetch-Byram Drought Index (KBDI, current month and
12-month lag) (Keetch and Byram 1968), Fire Weather Index
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(FWI, current month and 12-month lag) (Fosberg 1978), Mod-
ified Fire Weather Index (MFWI, current month and 12-month
lag, precipitation) (Goodrick 2002, S. L. Goodrick, pers. comm.,
3 July 2008), climate (the March to September monthly average
and the October to February monthly average of the Nifio-3 sea-
surface temperature anomaly in degrees centigrade) (National
Oceanic and Atmospheric Administration 2008), the annual
area burned (in hectares) by wildfire lagged up to 6 years
(Florida Division of Forestry, wildfire activity, electronic
records, 1980-2007, pers. comm., 13 June 2008), county popu-
lation estimates (US Bureau of the Census 2008), the number of
sworn full-time equivalent police officers per capita (Florida
Department of Law Enforcement, sworn police officer data,
19892007, pers. comm., 14 February 2008), and dummy
variables for region (Region 1 is included in the intercept),
season (fall is included in the intercept), and year (2002 is
included in the intercept)). Finally, we include a trend variable to
account for the net effects of unspecified steady changes not
captured by other variables.

The vector of instruments included all of the variables used in
the prevention models except current WPE activities (in this
model the dependent variable), and also included wildfire
ignitions of targeted unintentional causes (lagged 2 to 5 years)
and the 1-year lagged value of sales tax revenues (Sales Tax)
(Florida Department of Revenue 2008). These variables were
chosen as instruments based on our assumption that they are
correlated with WPEs but not with current wildfire behaviour,
except through their effect on WPE. For instance, prior wildfire
behaviour could influence future WPE strategies, and sales tax
revenues could influence future WPE by affecting WPE bud-
gets. Descriptive statistics of the variables used in estimation of
the empirical models are shown in Table 3.

Optimal mitigation

We assumed that a prevented fire reduced the number of tar-
geted unintentional fires in the same location and the same
month and year of the average size as the targeted unintentional
fires that occurred in that month and location, and this is
independent of intervention type (i.e. WPE or prescribed fire).
Interventions affect wildfire hectares burned through two
methods: (1) the effect of prevention on targeted unintentional
ignitions (current model); and (2) the effect of prescribed fire on
area burned for fires that occur (Mercer et al. 2007 model).
We simulated the effects of changes in prevention efforts and
prescribed fire (X) on targeted unintentional ignitions (/) and
area burned (4). In the long run, the change in area burned (4*)
equals the sum of the change in the long-run area burned ignited
by non-targeted sources (4*") and the change in the long-run
area burned ignited by targeted unintentional sources (4*"):

AL = AL*" 1 AL? (7)
This has been found to be equal to a proportion of the short-

run change in area of targeted unintentional wildfire due to
prevention change (47) (Mercer et al. 2007):

D. T. Butry et al.

AA4* = (1 —0.633) x Ad? (8)

Mercer et al. (2007) demonstrated that for each hectare
prevented from wildfire, 0.633 additional wildfire hectares (of
all wildfire types) occur in the future owing to a fuel accumula-
tion effect. (Thus, only 36.7% of the total prevented wildfire
hectares are eliminated in the long run, on average.) The short-
run change in area of targeted unintentional wildfire due to a
prevention change (A4%)) is:

P

or, _
ALY, = L X A; 9
it 6)(i,f St ( )

where 0I7,/0X;, is determined via estimation of Egn 5
(0IF,/0X;, = B) and A;, is the average size of the targeted
unintentional fires that occurred in the same month, year, and
fire management region.

We explored three scenarios: (1) minimise cost-plus-loss by
altering WPE, holding prescribed fire constant; (2) minimise
cost-plus-loss by altering prescribed fires, holding WPE con-
stant; and (3) minimise cost-plus-loss by altering both WPE and
prescribed fires. Losses from wildfire were set at US$3131ha "
burned (per Mercer et al. 2007; adjusted to 2005 US dollars,
US Department of Commerce 2008).¢

Florida’s annual wildfire prevention education budget
over the estimation period was US$0.47 million. The annual
budget allocation across wildfire management regions is not
known with precision; however, it is believed the allocation is
roughly the same for each of the four regions (equal allocation)
(R. Rhea, Florida Division of Forestry, pers. comm., 24 October
2008). We explored the sensitivity of this assumption by
examining the change when the spending was allocated propor-
tionally based on historical targeted unintentional wildfire
hectares burned (proportional allocation). The allocation to
regions under the equal and proportional allocations is shown
in Table 4.

The annual cost of prescribed fire fuel treatments is ~US$3.2
million per year and these costs are largely borne by both private
landowners and government. We assume a unit price of
US$62ha™" (based on an approximation from Cleaves et al.
2000) for evaluating changes in WPE alone, but allow the unit
price to vary with increases in demand for evaluating changes
in prescribed fire and for evaluating changes in both interven-
tions. Mercer et al. (2007) found that the elasticity of the
prescribed fire service supply with respect to price was 0.54 in
Florida, and that the short-run wildfire area elasticity with
respect to prescribed fire area was —0.73.

Statistical results

The empirical control function models (Eqn 5) are significant
and the covariates explain as much as 25 to 52% of the variation
in the WPE variables (see Table 5). The constructed control
function variables were used as additional model regressors in
the targeted unintentional wildfire ignition model. They have
significant positive correlations (at the 10% level) with targeted

CThis figure assumes a constant cost plus loss per hectare of wildfire. An alternative assumption, allowing costs plus losses to have a fixed cost per fire and a

variable cost per hectare burned, was not testable with the available data.
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Table 3. Descriptive statistics of variables used in the empirical models
PSAs, public service announcements; Rx Fire, prescribed fire

Variable Mean s.d. Minimum Maximum
Dependent
Targeted unintentional ignitions 27.32 26.93 0.000 139.0
Intervention
PSAs: current month 41x107° 1.0x107* 0.000 0.001
Visits: current month 20x107° 9.5x107° 0.000 0.001
Presentations: current month 7.8% 1077 14x10°° 0.000 13%x107°
Brochures: current month 21x107* 40x107* 0.000 0.003
Assessments: current month 1.9%x 1077 55%x1077 0.000 6.3 x10°°
PSAs: 1-6 months prior 1.9x107* 2.1x107* 33x10°¢ 0.002
Visits: 1-6 months prior 8.1x107° 14x107* 0.000 53x107*
Presentations: 1-6 months prior 45%x10°° 44x10°° 0.000 23%x107°
Brochures: 1-6 months prior 0.001 0.001 83x10°° 0.006
Assessments: 1-6 months prior 1.1x107° 15%10°° 0.000 98x10°¢
Rx Fire: 1-year lag 52 % 10* 32 %10 1.1x 10* 1.7 % 10°
Rx Fire: 2-year lag 43 % 10* 2.6 x 10* 5172 1.3x10°
Rx Fire: 3-year lag 3.8 % 10* 2.4 %10 3375 12x10°
Free inputs
FWI 7.276 2.164 3.181 13.98
RH 51.29 6.098 35.96 63.16
KBDI 246.0 140.5 4.707 559.7
MFWI 6.090 2.524 1.916 16.43
Nifo3: March —0.168 —0.645 0.844 1.000
Nifno3: October 0.462 0.665 —0.454 1.342
Precipitation 4.536 3.193 0.070 16.55
Fire: 1-year lag 1.9 x 10* 2.8 x 10* 858.3 23x10°
Fire: 2-year lag 2.0 x 10* 3.0 x 10* 858.3 1.7x10°
Fire: 3-year lag 2.7 % 10* 3.6x10* 1083 1.7 x 10°
Fire: 4-year lag 3.1x10* 43 x10* 1083 1.7 % 10°
Fire: 5-year lag 4.5 % 10* 52x10* 1732 1.7 % 10°
Fire: 6-year lag 45 % 10* 5.1 % 10* 1900 1.7 % 10°
Region 2 0.246 0.431 0.000 1.000
Region 3 0.259 0.439 0.000 1.000
Region 4 0.246 0.431 0.000 1.000
Spring 0.259 0.439 0.000 1.000
Summer 0.233 0.424 0.000 1.000
Winter 0.259 0.439 0.000 1.000
Population 4.4x10° 2.8 % 10° 1.3 % 10° 8.3 % 10°
Police per capita 0.003 0.001 0.002 0.005
2003 0.207 0.406 0.000 1.000
2004 0.207 0.406 0.000 1.000
2005 0.207 0.406 0.000 1.000
2006 0.207 0.406 0.000 1.000
2007 0.103 0.305 0.000 1.000
Trend 29.51 16.80 1.000 60.00
Instruments
Ignitions: 2-year lag 813.3 297.7 273.0 1765
Ignitions: 3-year lag 1033 456.4 273.0 2074
Ignitions: 4-year lag 1156 486.8 273.0 2074
Ignitions: 5-year lag 1339 418.6 450.0 2185
MFWTI: 12-month lag 6.005 2.308 1.916 15.02
FWI: 12-month lag 7.289 2.047 3.181 13.90
RH: 12-month lag 52.11 5916 37.66 63.16
KBDI: 12-month lag 237.7 133.2 4.707 578.4
Sales tax: 1-year lag 4.1x%10° 2.9 % 10° 8.9 x 10° 9.1 x 10°
Controls
Control variable: PSAs -2.1x10°" ~7.1x107° 31x10* 77%10°*
Control variable: Visits 6.1x 107" ~7.5%x107° 1.9x 107" 93x107*
Control variable: Presentations 1.8x 107" —12x107¢ 2.7%107° 1.1x107°
Control variable: Brochures -38x107" 3.0x107* -57x107* 0.002
Control variable: Assessments —2.1x107" —7.1x107° 3.1x107* 7.7x107*
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Table 4. Initial allocation of spending under equal or proportional
assumptions

Region Equal (%) Proportion (%)

1 25 15

2 25 49

3 25 16

4 25 20

unintentional ignitions, meaning endogeneity exists between
WPE and targeted unintentional ignition rates (see Table 6). The
positive correlations imply that a standard Poisson regression
estimation would produce a downward bias of the treatment
effects on the WPE variables. The empirical ignition model
(Eqn 6) is significant and, based on the calculated pseudo R?,
explains 72% of the variation in targeted unintentional ignition
counts.

PSAs, Presentations, Brochures, and Assessments are sig-
nificant (at the 10% level) and negatively related to targeted
unintentional wildfire ignition occurring in the same month,
after accounting for endogeneity. Visits are only weakly corre-
lated (13% level). Lagged levels (activity within the last
6 months) of PSAs, Presentations, and Brochures are also
significant (10% level) and negatively related to ignitions. The
implication is that PSAs, Presentations, and Brochures have
both immediate and short-term mitigation effects, whereas
Assessments have an immediate effect, but no lasting impact.
Authorised prescribed fire hectares have longer-term effects,
compared with WPE. Prescribed fire had a beneficial statistical
effect (10% level) on targeted unintentional ignitions 2 and 3
years after treatment; however, prescribed fire performed within
the last year did not have an impact on targeted unintentional
ignitions. (This does not rule out treatment effects on other types
of ignitions; this was not explored.) Other estimated relation-
ships produced expected signs and significance. Weather, cli-
mate, seasonality, historical fire patterns, and socioeconomic
variables are correlated with targeted unintentional ignitions, as
are differences across regions and years.

The elasticity associated with PSAs (normalised by popula-
tion) over the last 6 months (—0.26) is the same as the elasticity
associated with prescribed fire treatments performed 2 years
prior (—0.26). Thus, a 20% increase in PSAs and prescribed
fire would have each decreased ignitions by 5.2%, or on average
1.5 ignitions. This 20% increase would have required either an
additional 118 PSAs or 2140 ha treated by prescribed fire. The
non-linearity of the Poisson model also assumes that WPE
and fuel treatments are interdependent; thus the amount of fuel
treatment applied impacts the effect WPE had on ignition
success (and vice versa).

Optimal mitigation results
Optimal change in WPE spending (only)

The optimal change in state-wide WPE spending, holding pre-
scribed fire constant, is a 225% increase (Fig. 3). This figure
shows that large increases in WPE would be needed in all four
regions to minimise cost-plus-loss under the two assumptions of
initial equal or initial proportional spending allocation.
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Regions 1 and 3 have larger percentage increases in spending
under the proportional allocation than the equal allocation in
part owing to the low initial allocation under proportional
compared with equal allocation. Thus, these regions produce
the greatest return on WPE investment when the initial alloca-
tion is proportional, and hence the substantial need for increased
funding. The return on WPE also looks more favourable for
Region 4 under the proportional allocation. Expansion of WPE
in Regions 1, 3 and 4 comes at the expense of Region 2, which
begins with a high initial allocation level under the proportional
allocation, and quickly experiences larger diminishing returns.

Optimal change in prescribed fire (only)

The optimal change in prescribed fire area, holding WPE
spending constant, is a 79% increase, state-wide (Fig. 4). Results
are similar regardless of the prescribed fire unit cost price
assumption. Optimality results in a 17% decrease for Region 1, a
28% increase for Region 3, a 122% increase for Region 2, and a
180% increase for Region 4. On average, Region 1 performed
substantially more prescribed fire treatments (9314 hamonth ')
over the observed study period than any of the other regions —
nearly 2.5 times the amount of the next largest region (see
Table 1). Whereas on average Region 4 treated the second
most hectares (3696) and performed the highest number of
WPE activities (individually and as a whole) per month, it also
experienced far more wildfire (by any cause). Prescribed fire
affects wildfire regardless of ignition. So, this explains the
substantial increase in prescribed fire in the region. Over
the study period, Region 4 experienced an average fire size of
61.3 ha; Region 2 was second with an average size of 10.9 ha,
followed by Region 3 (average of 7.4 ha) and Region 1 (average
of 6.0 ha). Looking at the historical annual number of hectares
burned, this ordering is preserved: Region 4 — 51 873 hayear ';
Region 2 — 23 148hayear '; Region 3 — 9255hayear ';
and Region 1 — 5259 hayear '. With less wildfire, from all
causes, Regions 1 and 3 have less need to increase prescribed
fire.

Optimal change in wildfire interventions (both)

Previously, we explored the optimal change in one prevention
strategy while holding the other constant. Those solutions are
useful when one strategy can be varied (i.e. additional funding)
whereas the other faces the status quo. The optimal solution will
result when both strategies (prescribed fire and WPE) can adjust.
As we show below, however, the optimal solution does not
always lead to an expansion of both strategies. Given the func-
tional form of ignition processes and the feedbacks that wildfires
have on aggregate fuels levels, the optimal levels of both sets of
inputs (WPE and prescribed fire) are determined jointly.

The optimal change in WPE spending and prescribed fire
area, assuming equal allocation of initial WPE spending and
price-responsive prescribed fire services, is a 168% increase in
WPE and 74% increase in prescribed fire, state-wide (Fig. 5).
Region 1 faces the most extreme changes: a 304% increase in
WPE and a 29% decrease in prescribed fire. Region 3 faces a
251% increase in WPE and a 22% increase in prescribed fire.
Regions 2 and 4 fall in between, both requiring roughly a
doubling of WPE and prescribed fire effort.
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Table 5. Control function equation estimates for five prevention education variables
MFWI, modified fire weather index; FWI, fire weather index; RH, relative humidity; KBDI, Keetch—-Byram Drought Index; Rx Fire, prescribed fire;
PSAs, public service announcements. *** ** * denote significances at the 0.01, 0.05, 0.10 levels respectively

PSAs Visits Presentation Brochures Assessments
coefficient coefficient coefficient coefficient coefficient
Ignitions: 2-year lag 13%x1077 1.6x 107 7* —92x%x1071° —88x10°8 —9.0x 10"
Ignitions: 3-year lag 12x1077 7.4x107% -30x107" —34x1078 —47%x1071°
Ignitions: 4-year lag 1.7 x 10 7%* 9.7x107° 12x107° 271077 —6.4x107"°
Ignitions: 5-year lag 1.1x 1077 —64x1078 92x 1071 —3.1x1077 —43%x1071°
MFWTI: 12-month lag —54x%x10°° —2.7x10°°¢ —13x1077 —12x1073 —5.0%x1078
FWI: 12-month lag 8.8x 1077 6.6 %1077 12x1077 —2.1x107° 3.6x10°%
RH: 12-month lag 1.7x107° —33 %10 % —54%x107° —53x%x107° —14x10°8
KBDI: 12-month lag 1.0x 1077 1.1x1077 8.4x 1071 23 %1077 1.8x1071°
Sales tax: 1-year lag 29%x 1071 —51x107" 5.6x1071° —6.9x 1071 —3.6x1071¢
FWI: current —22x 107 2.0x107° 33%x1077 24x%x107° 14x1077
RH: current 2.1x107° 8.5x 1077 51x1078 32x10°¢ 8.7x107°
KBDI: current —1.6x1077 2.8 x 107 7%* 24x%107° 72%1077 1.0x107°
MFWI: current 3.1 x 1077 —1.5%x107° —3.0x1077 —45%x10°¢ —1.5x1077
Nifio 3: March—September 1.8x10°° —14x%x10°° 1.7x1077 —35%x107° —13x10°8
Nifio 3: October—February —78x107¢ —52%x107° 2.1%x1077 44%107° 3.0x10°8
Precipitation —1.6x107° —2.1%x1077 —6.1x1078 —7.8x107° —1.0x1078
Rx Fire: 1-year lag 1.6x10°1° 9.0x 10710 —22x10" 49x107° —73%x10° "2
Rx Fire: 2-year lag —33%x107"° 2.0 x 107 %k —87%x107"? 54x107"° —6.7x 1072
Rx Fire: 3-year lag 39%x10°1° —37x10° " —LIx10" —3.9%x107° —2.7x10° "2
Fire: 1-year lag 26%x1071° —26x1071° 72 %1071 22%x1071° 22x10712
Fire: 2-year lag —1.8x 107 —2.5 % 107 7% 1.7x107" —7.1x107%* —3.6x107"2
Fire: 3-year lag —1.1x107% —87x10°1° 92x 107" —73%x 107" 9.6x 1071
Fire: 4-year lag —8.0x 10 10* —34x10" 3.0x 10712 3.7 % 107%* —1.7x10° "
Fire: 5-year lag —80x107"° —1.1x 107 7.7 %1071 -30x107"° —37x107 "1
Fire: 6-year lag —54x107"° —9.1 x 10710 5.0x 10" —7.1x107"° 1L.1x107"
Region 2 0.006** —0.002 —13x107° 0.002 62x107°
Region 3 0.008*** 3.1x107* —13%x107° 0.003 1.1x10°°
Region 4 0.008 %% 0.001 —15%107° 0.004 13%x10°°
Spring 5.6 x 1077 —32x%x107° 7.0%x 1077 7.8%107° 1.0x 1077
Summer 24%x107° 46%x107° 47%x1077 54x107° 2.1x1077
Winter —2.1x10°° —1.0x10°° 40x1077 12x107* —1.6x1077
Population —5.7 x 107 10%x -39x%x107 " —59%x107" —34x%x107"° —9.1x107"
Police per capita 1.752%%* —0.656 —0.004 0.076 0.002
2003 —32x107° 3.1x107° —94x1077 —41x10°° —15%x1077
2004 37%x107° 55%x107° —1.5%10°¢ 32x107* —55%x1078
2005 40%107° 78x107° —1.7%x107° 0.001 %% —3.1x1077
2006 6.8x107° 8.7x107° —6.1x1077 0.001%* —1.6x1077
2007 7.6x107° 1.7x107* —3.1x1077 0.001%* 37x1077
Trend 1.3 x 10 7%* —1.8x10°° 7.1x10°% —34x107° 6.6x107°
PSA: 1-6 months prior —0.255%** —0.009 —6.6x107* 0.513%* —7.6 x 107**
Home visits: 1-6 months prior —0.206 0.452%*% 62x107* 1.089* 47x107*
Presentations: 1-6 months prior —4.145% —3.607 —0.042 2.589 —58x%x107*
Brochures: 1-6 months prior —0.002 0.002 34x107° —0.139%** —9.8x 107
Assessments: 1-6 months prior 41.35%%* —10.46 —0.044 25.48 —0.054
Intercept —0.009%* 0.003 1.6x107° 62x107* —34x%x10°°
P>F 0.0000 0.0000 0.0671 0.0000 0.0000
R? 0.5155 0.3742 0.2471 0.4367 0.3973

The optimal overall state-wide change in WPE spending and
prescribed fire area, assuming proportional allocation of initial
WPE spending and price-responsive prescribed fire services, is also
a 168% increase in WPE and a 74% increase in prescribed fire area.
The initial allocation assumption does not affect the optimal level
of prescribed fire state-wide or for individual regions. Assuming
proportional allocation, WPE expenditures are expanded over the

case with an equal allocation assumption for Regions 1, 2 and 4.
These expansions come at the expense of Region 2 where the
optimal increase is reduced from 162 to 136%.

Trade-off analysis

Comparing the optimal change in wildfire interventions in both
strategies (Figs 5, 6) with the optimal change in a single strategy
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Table 6. Poisson model estimate of the count of targeted unintentional wildfires, 2002 to 2007, and associated elasticities, calculated at the mean

of the data

FWI, fire weather index; RH, relative humidity; KBDI, Keetch-Byram Drought Index; MFWI, modified fire weather index; Rx Fire, prescribed fire;

PSAs, public service announcements

Coefficient s.e. z-score P>z Elasticity

FWI 0.146 0.061 2.390 0.017 1.060
RH —0.033 0.009 —3.800 0.000 —1.700
KBDI 0.002 57x107* 2.900 0.004 0.410
MFWI —0.052 0.060 —0.880 0.379 —0.320
Nifio 3: March 0.030 0.058 0.510 0.609 —0.010
Nifio 3: October 0.044 0.055 0.800 0.422 0.020
Precipitation —0.121 0.013 —9.130 0.000 —0.550
Rx Fire: 1-year lag —35%107° 35%107° —1.010 0311 —0.180
Rx Fire: 2-year lag —6.0x10° 3.6x10°° —1.700 0.089 —0.260
Rx Fire: 3-year lag —9.0x107° 25%10°° —3.670 0.000 —0.340
Fire: 1-year lag 6.4x10°° 1.9%x10°° 3.300 0.001 0.120
Fire: 2-year lag —1.7%x107° 3.4x%10°° —5.150 0.000 —0.350
Fire: 3-year lag —54x10°° 21x10°° —2.590 0.010 —0.140
Fire: 4-year lag 3.5%x1077 22x10°° 0.160 0.875 0.010
Fire: 5-year lag —47%x10°° 1.7x10°° —2.800 0.005 —0.210
Fire: 6-year lag —40%x107° 1.1x10°° —3.690 0.000 —0.180
Region 2 28.54 10.29 2.770 0.006 7.010
Region 3 46.18 14.23 3.250 0.001 11.94
Region 4 53.36 15.84 3.370 0.001 13.11
Spring 0.924 0.137 6.760 0.000 0.240
Summer 0.659 0.118 5.600 0.000 0.150
Winter 0.509 0.110 4.610 0.000 0.130
Population —45%x10°° 12x10°° —3.780 0.000 —19.95
Police per capita 8118 3209 2.530 0.011 22.17
2003 0.671 0.156 4290 0.000 0.140
2004 2.179 0.194 11.25 0.000 0.450
2005 3.307 0.337 9.810 0.000 0.680
2006 4.807 0.373 12.87 0.000 0.990
2007 6.264 0.453 13.84 0.000 0.650
Trend —0.043 0.019 —2.280 0.023 —1.260
PSAs: 1-6 months prior —1344 587.0 —2.290 0.022 —0.260
Visits: 1-6 months prior 449.9 701.7 0.640 0.521 0.040
Presentations: 1-6 months prior —49x10* 8690 —5.630 0.000 —0.220
Brochures: 1-6 months prior —215.0 46.58 —4.620 0.000 —0.240
Assessments: 1—6 months prior 6.5 % 10* 5.0 % 10* 1.300 0.194 0.070
Control variable: PSAs 3589 1350 2.660 0.008 0.000
Control variable: Visits 1434 845.4 1.700 0.090 0.000
Control variable: Presentations 3.1%10° 1.1x10° 2.960 0.003 0.000
Control variable: Brochures 526.4 307.5 1.710 0.087 0.000
Control variable: Assessments 6.6 x 10° 3.0x 10° 2.200 0.028 0.000
PSAs: current month —4123 1339 —3.080 0.002 —0.170
Visits: current month —1290 841.4 —1.530 0.125 —0.030
Presentations: current month -3.0x%10° 1.1x10° —2.820 0.005 —0.230
Brochures: current month —661.8 303.1 —2.180 0.029 —0.140
Assessments: current month —63x10° 3.0 % 10° —2.110 0.035 —0.120
Intercept —29.66 14.61 —2.030 0.042

Log-likelihood —890.5587

P>y 0.0000

Pseudo R? 0.7193

(holding the other input fixed) (Figs 3, 4) shows that the optimal unintentional ignitions, whereas prescribed fire targets all
increases in state-wide WPE and prescribed fire are less than wildfire types, regardless of the ignition source. This indis-
that required when one of the inputs is held fixed. Also, we criminate targeting of prescribed fire mitigates the loss of the
find that a trade-off between WPE and prescribed fire “fuel treatment effect’ of wildfire caused by ignition prevention
exists. Although WPE is effective, it targets only a subset of  because prescribed fire still impacts the burn area of those
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Fig. 5. Optimal change in wildfire mitigation effort: wildfire prevention
education (assuming equal allocation across regions) and prescribed fire
(Rx) fuel treatments.

wildfires that do occur. Joint optimisation is preferred to single
optimisation as it produces an expected cost-plus-loss lower
than any produced through single estimation (Table 7).

Based on a state-wide allocation strategy (i.e. increasing
WPE and prescribed fire equally across regions), the expected
cost-plus-loss is US$301 million, a savings of US$24 million
(Table 7). This scale of increase results in a non-marginal
benefit—cost ratio of 1.61. Whereas the optimal state-wide
expansion of WPE and prescribed fire is independent of the
assumed allocation strategy, the optimal regional distribution of
WPE is not. This allocation assumption affects the estimated
cost-plus-loss of mitigation, although the results are similar.
Based on a regional allocation strategy (i.e. varying the increase
of WPE and prescribed fire across regions), the expected cost-
plus-loss is further reduced to US$287 million, a savings of
US$38 million (Table 7). These savings are net saving and
already account for (or offset) increased program costs. This
regional allocation strategy produces a non-marginal benefit—
cost ratio of 1.63.

Conclusion

We examined the effect of WPE and prescribed fire, two alter-
native prefire intervention strategies, on targeted unintentional
ignitions in Florida from 2002 to 2007. These targeted unin-
tentional ignitions included those occurring from escaped
debris fires, escaped campfires, and fires caused by discarded
cigarettes and by children. During the study period, targeted
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unintentional ignitions accounted for 37% of all wildfire igni-
tions, but only 7% of hectares burned. Leveraging the measured
effect of WPE and prescribed fire on targeted unintentional
ignitions and on the observed sizes of wildfires based on pre-
vious studies, we simulated changes in the intervention levels to
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Fig. 6. Optimal change in wildfire mitigation effort: wildfire prevention
education (assuming proportional allocation across regions) and prescribed
fire (Rx) fuel treatments.
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identify their optimal levels and the corresponding expected
cost-plus-loss due to wildfire damage. Expected cost-plus-loss
was minimised with an increase in WPE of 168% and prescribed
fire hectares treated of 74%.

Although these levels may be optimal, they may not be
feasible. In fact, the State may not have the ability to dramati-
cally alter the scale of prescribed fire programs, unlike WPE, in
Florida owing to land ownership limitations. Only a portion of
at-risk forests are under State (or other governmental) control,
and these were where prescribed fire could most easily be
expanded by government policy.” Constraints on prescribed
fire, related to weather or smoke, may also limit its expansion
to levels less than 74%. Related, prescribed fires usually occur
early in the calendar year, and although our results suggest
benefits last for several years, they also require a year to take
effect (at least statistically). At-risk areas must be identified well
ahead of the threat.

In contrast, the State of Florida may find it easier to expand
WPE efforts, as these are conducted by the government.
Although the effect of WPE that we found in our modelling is
shorter-lived than prescribed fire (we only found a 6-month
maximum lagged effect), there is evidence that WPE could be
used successfully to respond to outbreaks of targeted uninten-
tional ignitions. PSAs, Presentations, Brochures, and Assess-
ments were found to reduce the number of targeted unintentional
ignitions in the same month that they were performed. A 10%
increase in WPE was shown to have a 1.2 to 2.3% decrease in
targeted unintentional ignitions of the same month. Longer-term
(up to 6 months) effects were shown to occur for PSAs,
Presentations, and Brochures. In addition to the 1.4 to 2.3%
real-time decrease in targeted unintentional ignitions from a
10% increase in these education strategies, another 2.2 to 2.6%
decrease in targeted unintentional ignitions would be expected
over the next 6 months. A 10% increase in PSAs, for example, is
expected to result in a 4.9% reduction in targeted unintentional
ignitions over a 7-month period. This marginal effect is on the
order of magnitude of prescribed fire. In sum, prescribed fire
offers a longer-term solution at the expense of short-term

Table 7. Cost-plus-loss totals under alternative assumptions and state variables
Rx Fire, prescribed fire

Regional allocations cost+  State-wide allocations cost +

loss (US$ million) loss (US$ million)

Current (base case) 325 325
Change prevention spending alone, Proportional allocation 318 318
Change Rx Fire amount alone, Proportional allocation, Price-responsive Rx Fire 292 306
Change prevention spending alone, Equal allocation 318 318
Change Rx Fire amount alone, Equal allocation, Price-responsive Rx Fire 292 306
Change prevention spending with Rx Fire, Proportional allocation, Price-responsive Rx Fire 287 301
Change prevention spending with Rx Fire, Equal allocation, Price-responsive Rx Fire 287 301
Change prevention spending alone, Equal allocation, No budget change 323

Change prevention spending alone, Proportional allocation, No budget change 324

DA program focussing on private lands would require a prescribed fire incentive program, which we did not evaluate in this study.
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flexibility, whereas wildfire prevention education programs
offer the flexibility, both in time and space, to respond to
outbreaks. When used together in a coordinated effort, the
program costs and wildfire damages from targeted unintention-
ally set fires are minimised.

Previous research suggests that ignition prevention leads
to larger average wildfires in the future (Mercer et al. 2007),
although the ignition effect dominates the size effect, and
society is economically better off because (i) the total number
of hectares burned are fewer (all else equal), and (ii) the future
increases in wildfire resulting from today’s fire reduction
successes are discounted to the present when evaluating eco-
nomic success. However, the negative feedback underscores
the rationale for coordinating fuels management with WPE — to
offset the fuels accumulation from ignition prevention — thereby
reducing both frequency and size of wildfire.

Refinements of our analyses could be pursued. We chose a
simple analysis that asked how much more or less effort should
be expended to minimise the sum of costs and expected losses
from wildfire in Florida. But a time-varying optimisation
analysis could also have been explored: how much should
WPE or prescribed fire efforts be changed over each of the units
of time of our analysis to minimise cost-plus-loss? Further, we
chose to change all WPE activities simultaneously, assuming
that absolute levels of each may vary only together, not
independently. However, given that each WPE type has a
different observed effect on targeted unintentional ignitions, a
land manager may prefer to allocate efforts across types to
achieve optimal fire management outcomes. In addition, our
analysis was backward-looking. A forward-looking analysis
might simulate future quantities of free inputs and identify
optimal stationary quantities of WPE and prescribed fire that
would achieve minimum long-run discounted costs-plus-losses,
along the lines of Mercer et al. (2007). Given that absolute
amounts of free inputs vary across space in Florida, that analysis
would identify differential amounts and paths of future expected
fire across fire regions in the state.

Care should be given in applying the results to other loca-
tions, either across the USA or abroad. The statistical models
demonstrated that targeted unintentional wildfire ignitions
are sensitive to variations in weather, climate, recent wildfire
activity, fuels management and community factors, including
population size and law enforcement. These factors may not be
present in other areas, or their relationship with ignitions may or
may not hold. Further, the size of prevented wildfires, and the
negative (fuel accumulation) feedback caused by preventing
wildfires are likely influenced by suppression effort and success,
as well forest composition. Finally, the ways in which popula-
tions respond to prevention messages may vary across locations
and time. For instance, prevention messages may be influenced
by recent wildfire activity (e.g. populations may better receive
prevention messages after recent large wildfire incidents).
Taken together, this suggests prevention messages may be more
or less economical in other places; however, this research does
make clear that in some forested ecosystems, wildfire preven-
tion education can be coordinated with other wildfire manage-
ment techniques to more effectively, and economically, limit the
damages from wildfire.
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