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Abstract

We estimate whether federal hazardous-fuel treatments prevent wildfire disasters at
the wildland-urban interface (WUI). We combine U.S. Forest Service fuel-treatment poly-
gons with fire perimeters, ignition points, WUI polygons, and LANDFIRE topography.
A nearest-point difference-in-differences imputation design compares WUI polygons
threatened by the same fire and lying in the same ignition direction, using distance
from ignition to order treated and untreated observations. In 92,720 fire-WUI obser-
vations from 601 fires, polygons whose nearest path to ignition intersects a completed
prior-five-year treatment are 11.61 percentage points less likely to burn. Adding wind,
elevation, PRISM climate, road, fuel, slope, and aspect controls gives an estimate of 9.56
percentage points. Secondary outcomes show lower WUI burn share, fewer burned
acres, and fewer housing units in burned polygons. Effects are largest in intermix WUI,
while interface effects are weaker and the burned-acres interface effect is less stable. The
treatment-type split shows stronger protection from prescribed-fire-based treatment
paths than mechanical treatment paths across outcomes, with both directions negative.
All evidence indicates that federal hazardous-fuel treatments alter fire behavior and
reduce realized wildfire disasters in the WUI when a wildfire threat is realized.
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1 Introduction

A central question in public economics is whether governments invest enough in prevention.
Efficient adaptation requires comparing the cost of reducing risk with the damages avoided
by that investment, but both objects are difficult to observe when protection is targeted to
danger. Governments build levees where floods are likely, harden infrastructure where
storms are costly, and reduce forest fuels where wildfire losses are salient. A simple
comparison of protected and unprotected places therefore confounds the effect of prevention
with the counterfactual risk that led public agencies to invest. A successful prevention
program can look weak, or even harmful, if evaluated without reconstructing the losses it

was selected to avoid.

We study this problem in federal wildfire policy. Wildfire becomes an economic disaster
when fire reaches people, housing, local public budgets, suppression systems, and insurance
markets. The wildland-urban interface (WUI) is the central exposure margin because it is
where flammable vegetation meets residential capital. WUI growth has increased contact
between fire and housing, wildfire risk is capitalized into housing markets, and realized
fires affect suppression spending, insurance markets, fiscal transfers, and household losses
(Radeloff et al. 2018; McCoy and Walsh 2018; Kousky 2014; Baylis and Boomhower 2023;
Boomhower et al. 2024). Federal land managers invest in hazardous-fuel treatments before
fires occur, but the economic question is not only whether those treatments alter fire behavior
in forests. It is whether they prevent threatened WUI land from burning when a wildfire

arrives.

Hazardous-fuel treatments are public investments in risk reduction. They remove, rearrange,
or burn vegetation before a wildfire arrives. Mechanical treatments thin, cut, pile, or
masticate fuels; prescribed fire treatments consume surface and ladder fuels under planned
conditions. Their economic return depends on avoided damages, not simply treated acres.
A treatment installed on federal land can affect nearby households, local tax bases, insurers,

and suppression systems if it changes whether a future fire reaches exposed WUI land.



The mechanism is spatial. Fuel treatments can reduce flame length, lower spread intensity,
create breaks in fuel continuity, or improve suppression opportunities. None of these
channels requires the entire fire to stop. They require treatment to matter along the route
by which a realized fire approaches exposed assets. For this reason, the empirical treatment
measure is not annual treated acres in a county or forest. It is whether a completed treatment

lies on the nearest observed ignition-to-WUI path in the measurement geometry.

We ask whether completed federal hazardous-fuel treatments reduce the probability that
threatened WUI polygons burn. We build a national fire-WUI panel from U.S. Forest Service
Activity Tracking System (FACTS) hazardous-fuel treatment polygons, fire perimeters and
ignition points, WUI polygons, and LANDFIRE topography. The outcome equals one
when a WUI polygon intersects the burn perimeter of a fire that threatens it. The outcome
follows the disaster-geography logic in Wilner et al. (2025), who define wildfire disaster
exposure through burn geography and affected communities. All regression estimates use

tire geometry and WUI polygons directly.

Our design adapts the within-fire spatial logic of Strabo, Bryan, and Reimer (2026) to a
different economic object. They study whether fuel treatments alter fire behavior after fires
encounter treatment. We study whether fuel treatments reduce burning of exposed WUI
land. This distinction matters for public finance. A treatment can have high social value
without extinguishing an entire fire if it prevents the fire from crossing into places where

people and capital are exposed.

For each fire-WUI observation, we draw the nearest path from the WUI polygon to the fire
ignition point and assign the observation to one of 24 direction cells around the ignition.
Treatment equals one if that nearest path intersects a completed federal fuel-reduction
treatment from one to five years before the fire. The comparison is therefore not between
treated and untreated landscapes in general. It is between WUI polygons threatened by
the same fire and ignition direction, where some nearest paths intersect recent completed

treatment and others do not.



We estimate treatment effects with the imputation estimator of Borusyak, Jaravel, and Spiess
(2024). In this application, distance from ignition plays the role normally played by event
time. Within a fire-direction cell, observations before the first recent treatment crossing and
observations with no treatment crossing form the untreated comparison set. The baseline
absorbs fire-by-nearest-direction fixed effects; the second specification adds wind, elevation,
PRISM climate, road, fuel, slope, and aspect controls. We refer to this design as nearest-point

DiD-imputation below.

The main observation set contains 92,720 fire-WUI observations from 601 fires, including
16,997 treated observations and 75,723 untreated observations. The baseline estimate is
-11.61 percentage points, with a standard error of 0.73 and a 95 percent confidence interval of
[-13.04, -10.19] percentage points. Adding wind, elevation, PRISM climate, road, fuel, slope,
and aspect controls gives an estimate of -9.56 percentage points. Within the realized fire-
threat observation set, the baseline estimate implies about 116 fewer burned WUI polygons

per 1,000 treated fire-WUI observations; the controlled estimate implies about 96 fewer.

Secondary outcomes point in the same direction. Treated observations have lower burned
WUI share, fewer burned WUI acres, and fewer housing units in burned polygons. Effects
are heterogeneous by WUI type, with stronger evidence of protection in intermix WUI than
in interface areas. These estimates are not a complete welfare calculation. They identify
the first object needed for one: whether public prevention reduces realized WUI exposure

when a wildfire threat occurs.

Fire-science and forest-management research has established that fuel treatments can change
fuels, severity, and spread (Agee and Skinner 2005; Prichard et al. 2020; Strabo, Bryan, and
Reimer 2026). For example, Prichard et al. (2020) review 89 western U.S. studies and report
that combined mechanical and prescribed-fire treatments can reduce flame length by 40
to 60 percent and sharply lower crown-fire occurrence inside treated stands. A related
home-ignition literature emphasizes that WUI losses also depend on fuels and construction

conditions very close to structures: Cohen (2000) points to the home-ignition zone, roughly



the first 100 meters around a structure, as a central margin. Our object is the economic margin
between these literatures: whether fuel work that changes the physical environment also
lowers realized burning of exposed WUI land. That is the margin closest to the public losses
that motivate federal spending. It also places wildfire treatment in a broader adaptation
problem. Prevention is targeted to risk, so its value cannot be learned from comparing

places that agencies chose to protect with places they did not.

The rest of the paper proceeds as follows. Section 2 constructs the fire-WUI data and
measurement objects. Section 3 presents the nearest-point DiD-imputation design. Section
4 reports the main estimates, event studies, heterogeneity, and policy implications. Section

5 discusses limitations and concludes.

2 Data and Measurement

The data combine spatial sources for the conterminous United States from 2000 to 2024.
FACTS hazardous-fuel treatment polygons identify completed federal prevention work.
Fire perimeters and ignition points define realized wildfire threats. WUI polygons define
exposed WUI land. The control layer adds ignition-date wind, PRISM annual climate, road
access, LANDFIRE fuels, elevation, slope, and aspect at the nearest-point location. The unit
of observation is a fire-WUI observation: one WUI polygon part threatened by one realized

fire.

The treatment data come from the FACTS spatial activity layer. We keep completed treat-
ment polygons with positive mapped acres and exclude records that represent wildfire
non-treatment rather than planned prevention. Completion timing comes first from the
recorded completion date and then, when that date is missing, from fiscal-year information.
In the main specification, a treatment can affect a fire-WUI observation only if it was com-
pleted before the fire and within the prior five years. This timing rule prevents same-year

and post-fire activity from being counted as predetermined prevention.



The fire layer provides wildfire perimeters and fire-origin points. The perimeter determines
whether WUI land burns. The origin point anchors the nearest-path geometry, direction
cell, and distance from ignition. The WUI layer comes from the conterminous U.S. WUI
block database. We use the most recent pre-fire WUI vintage available for each fire period,
keep interface and intermix classes, and split multi-part WUI land into single polygons
before assigning treatment and outcomes. That choice keeps the spatial unit of analysis

close to the object that can burn.

These data choices leave three measurement limits. First, FACTS measures federal fuel
treatments, not all state, tribal, private, or household mitigation. Second, fire perimeters
measure whether a WUI polygon is inside the burned area, not the intensity of burning at
every point. Third, the nearest path is a transparent proxy for approach from ignition to
WUI exposure; it is not a reconstructed daily spread path. We therefore estimate effects for

this observable approach geometry rather than for unobserved fire-front history.

Figure 1 maps fires in the CONUS using the 5 km threat buffer around fire perimeters and
shows four categories: fire with WUI and treatment within 5 km, fire with WUI without

treatment within 5 km, fire without WUI within 5 km, and other fires.



Figure 1: FIRES AND WUI THREAT MAP BY 5 KM TREATMENT STATUS

I Fire with WUI and treatment within 5 km
Fire with WUI without treatment within 5 km
Fire without WUI within 5 km
Other fires

Notes: Fires are classified using a 5-km buffer around each fire perimeter. Category 1 includes
fires with WUI and treatment within 5 km; category 2 includes fires with WUI without treatment
within 5 km; category 3 includes fires without WUI within 5 km; category 4 includes other fires.

2.1 Data

A WUI polygon enters the estimation observation set when its single-part geometry is in
the 5 km threat buffer around a fire perimeter and the fire contributes usable nearest-point
treatment and untreated comparison observations. WUI vintage is matched to fire year:
2000 WUI for 2000-2009 fires, 2010 WUI for 2010-2019 fires, and 2020 WUI for 2020-2024
fires. We keep interface and intermix classes and split multi-part WUI land into single
polygon parts, so treatment and outcomes are attached to the spatial unit that can burn.
Table 1 reports the resulting observation set: 92,720 fire-WUI observations, 601 fires, and
67,810 WUI single polygons. Treated observations are the 16,997 observations whose nearest

path to ignition intersects a recent completed treatment. The remaining 75,723 observations
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form the untreated comparison set.

Table 1—ESTIMATION OBSERVATION SET

MEASURE VALUE DEFINITION

Fire-WUI observations 92,720 Observations in the estimation observation
set

Fires 601 Distinct realized fires

WUI single polygons 67,810 Distinct WUI polygon parts

Treated observations 16,997 Prior-five-year treatment intersects nearest
path

Before first treatment 3,626 Untreated observations before the first
treatment in the same direction

No path treatment 72,097 No prior-five-year treatment intersects the
nearest path

Untreated observations 75,723 Observations used to impute untreated
outcomes

Notes: A treated observation has a completed prior-five-year federal fuel-reduction treat-
ment intersecting the nearest path from the WUI polygon to the fire ignition point. The
remaining observations are untreated at their distance from ignition. They either lie before
the first recent treatment in the same fire-direction path or have no direct-path treatment.

2.2 Treatment

Treatment is spatial and predetermined. For each fire-WUI observation, we draw the
shortest line from the WUI polygon to the fire ignition point. The treatment indicator equals
one if that line intersects at least one completed federal fuel-reduction treatment polygon
completed one to five years before the fire. Same-year and post-fire treatments are excluded,

so projects completed in response to a fire do not enter the treatment measure.

This definition is intentionally conservative. A WUI polygon is not treated merely because a
project occurred nearby. Treatment must lie on the nearest ignition-to-WUI path according
to the measurement geometry. The measure is therefore more demanding than a buffer
exposure and closer to the economic mechanism: pre-positioned public investment can
reduce realized exposure only if it is relevant for the route by which fire reaches exposed

WUI land.

Figure 2 shows the measurement geometry in a fire example. It overlays the fire perimeter,
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WUI polygons, fuel-treatment geometry, and the nearest-path classification used to define
treated and untreated observations. A treatment is relevant for this estimand only when it

is linked to the path connecting ignition and threatened WUI land.

Figure 2: NEAREST-POINT TREATMENT DEFINITION AND WUI FIRE-THREAT EXAM-
PLE

I Treated WUI polygon -+-+ 5 km WUI risk buffer

[ Yet-to-be-treated WUI polygon WUI nearest-point link

[ Control WUI polygon e  First treatment intersection

1 Greenwood Fire perimeter I Prescribed-fire treatment
® Ignition point I Mechanical treatment

Notes: The figure shows the fire perimeter, ignition point, WUI polygons in the fire-threat
observation set, completed fuel-treatment polygons, and nearest WUI-to-ignition links used
to classify treated and untreated observations.



Table 2—VARIABLE DEFINITIONS

OBJECT DEFINITION

Risk set WUI polygon observations threatened by a fire in the
nearest-point observation set

Treatment Completed prior-five-year federal fuel-reduction treatment
intersects the nearest WUI-to-ignition path

Primary outcome Indicator equal to one if the WUI polygon intersects the fire
perimeter

Secondary outcomes WUI burn share, WUI burned acres, and housing units in
burned polygons

Spatial event time 0.5 km distance bin from ignition to the WUI nearest point

Fire FE Controls for realized fire

Direction FE Controls for the nearest-direction cell from ignition

Additional controls =~ Wind, elevation, PRISM climate, roads, fuels, slope, and
aspect controls

Notes: The treatment and outcome are defined at the fire-WUI observation level. Fire
perimeters determine whether WUI polygons burn; FACTS polygons determine completed
federal fuel-treatment exposure.

2.3 Outcomes and Controls

The primary outcome equals one if the WUI polygon intersects the fire perimeter. This binary
variable captures WUI disaster exposure conditional on realized fire threat. Secondary
outcomes measure the intensity and exposure consequences of burning: the share of WUI

area burned, burned WUI acres, and housing units in burned polygons.

The second specification adds wind, elevation, PRISM climate, road, fuel, slope, and aspect
controls at the fire or nearest-point level. Wind is measured on the ignition date; PRISM
climate is annual temperature and precipitation; road controls measure distance to USFS
roads and primary highways; fuels use LANDFIRE fuel measures. Aspect enters as sine

and cosine terms plus an indicator for flat aspect cells.

2.4 Summary Statistics

Table 3 reports summary statistics for the nearest-point analytic observation set, splitting

fire-WUI observations by whether the completed prior-five-year treatment indicator (T_{if})

9



equals one or zero. Treated observations have slightly lower raw burn outcomes than
untreated observations, but they also differ in distance, WUI class, housing exposure, and
terrain. The empirical strategy therefore uses within-fire and within-direction comparisons

rather than interpreting these raw differences as treatment effects.

Table 3—SUMMARY STATISTICS

Treated observations Untreated observations

Variable Mean SD Mean SD
Panel A: Outcomes

Any WUI polygon burned (%) 8.02 2717  8.50 27.89
WUI burn share (%) 4.76 20.05 5.24 21.01
WUI burned acres 4.73 55.25 6.43 76.56
Housing units in burned polygon 2.01 14.77  2.69 18.07
Panel B: Treatment exposure

Nearest-path treatment indicator 1.00 0.00 0.00 0.00
Assigned path treatment acres 684.37 4577.13  0.00 0.00
Assigned treatment polygons 14.66 44.27  0.00 0.00
Panel C: WUI exposure and geography

Distance to ignition (km) 12.46 9.59 10.34 7.62
WUI area (acres) 74.71 252.55 66.63 243.59
WUI housing units 25.41 43.65 29.64 49.45
Intermix WUI (%) 40.14 49.02 29.52 45.61
WUI density rank 1.94 072 2.09 0.75
Panel D: Topography

Slope (degrees) 5.55 5.84 4.61 5.23
Flat aspect (%) 39.09 48.80 46.04 49.84
Aspect sine -0.00 0.54 -0.02 0.51
Aspect cosine -0.03 0.56 -0.07 0.53
Observations 16,997 75,723

Unique WUI single polygons 15,087 57,698

Notes: The observation set is the nearest-point analytic observation set of fire-WUI observations
used in the main regressions. Treatment equals one when a completed prior-five-year federal
fuel-reduction treatment intersects the nearest path from the WUI polygon to the fire ignition
point. Assigned treatment acres and assigned treatment polygons are set to zero for untreated
observations. Any burn and burn share are reported in percentage points. WUI housing units
measure residential exposure in the WUI polygon; housing units in burned polygon equals this
exposure multiplied by the burn indicator. Slope and aspect are measured from LANDFIRE at
the nearest-point location.
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3 Empirical Strategy

Fuel treatments are not randomly assigned. Agencies place them before ignition in locations
where fuels, access, suppression priorities, and exposed assets make expected losses high.
A comparison of treated and untreated landscapes would therefore mix treatment effects
with the risk that led treatment to be assigned. We instead condition on realized fires and
compare WUI polygons within the same fire and nearest-direction cell. The nearest-point
geometry gives each threatened WUI polygon a distance from ignition. That distance
ordering determines which observations are already behind a recent treatment crossing and

which untreated observations form the local counterfactual.

Let Y, ., denote a WUI disaster outcome for WUI polygon ¢ in fire f, nearest-direction cell
r, and 0.5 km distance bin s from ignition. Let G, s, be the distance bin at which the nearest
WUI-to-ignition path first intersects a completed federal fuel-reduction treatment from

the prior five years. The treatment indicator D), ¢, , equals one when that recent treatment

ifrs
crossing lies between ignition and the WUI polygon. Observations closer to ignition than
the first treatment Crossing, and observations whose path never crosses a recent treatment,

are untreated comparison observations. We use those untreated observations to identify

untreated potential outcomes:

szfrs«)) - afxr + F}/Xifrs + 5ifrsv

where o ;. is a fire-by-nearest-direction fixed effect. This fixed effect holds constant the
realized fire and broad approach direction. It absorbs fire-level shocks and direction-specific
conditions shared by WUI polygons in the same directional cell, including fire size, ignition
conditions, incident environment, and broad suppression context. The baseline leaves X ;.

empty. The controlled specification adds wind, elevation, PRISM climate, road, fuel, slope,

and aspect controls.

Following the within-fire spatial design in Strabo, Bryan, and Reimer (2026), we estimate
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the untreated-outcome model using the DiD-imputation estimator introduced by Borusyak,

Jaravel, and Spiess (2024). We fit this model on untreated observations, impute Y; ;... (0) for

treated observations, and average the differences:

ATT =E Y'frs _Y'frs<0) | Dz'frs =1

7 7

Standard errors are clustered by fire. The identifying comparison is local to the realized
wildfire threat. Treated WUI observations are compared to untreated WUI observations that
face the same fire and nearest-direction shock but are not behind a recent treatment crossing
at their distance from ignition. The untreated comparison set includes WUI observations
closer to ignition than the first recent treatment in the same direction and WUI observations

whose nearest path does not intersect recent treatment.

This estimand is conditional on realized threat. It is not the effect of treatment on ignition,
total fire size, smoke, carbon, or the probability that a fire enters the WUI threat set. If
treatment prevents fires from ever approaching WUI land, those avoided-threat cases are
outside the observation set. The design therefore asks a narrower question: among WUI
polygons threatened by the same realized fire, does recent treatment on the nearest ignition

path reduce the probability that the polygon burns?

The identifying assumption is that, conditional on fire-by-nearest-direction fixed effects
and controls, untreated observations recover the untreated potential outcomes for treated
observations. This assumption allows treatment to be targeted across fires and broad
directions, but it rules out residual within-cell selection in which unobserved fuels, access,
defensibility, or suppression choices both determine treatment placement and lower WUI
burning. The controlled specification addresses observable weather, climate, access, fuel,
and terrain differences, and the event-study figure below checks whether treated paths differ
before the first treatment crossing. The design is credible only for this local comparison. It

does not require treatment placement to be as good as random across the full landscape.
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4 Results

4.1 Main Results and Event Study

Table 4 reports the main estimates and the mean of each dependent variable in the es-
timation observation set. The first row is the paper’s primary outcome. In the baseline
specification, completed prior-five-year treatment on the nearest WUI-to-ignition path low-
ers the probability that a threatened WUI polygon burns by 11.61 percentage points. With
wind, elevation, PRISM climate, road, fuel, slope, and aspect controls, the estimate is 9.56

percentage points. The estimate remains large after adding controls.

The coefficient should be read as a local effect for treated nearest-path observations, not as a
percentage change relative to the unconditional observation-set mean. Treated observations
burn in 8.02 percent of cases, while the imputed untreated burn probability for those same
observations is 19.64 percent in the baseline specification and 17.58 percent with controls.
The magnitude is therefore a statement about the counterfactual risk of treated observations
within the realized fire-direction comparison, not a claim that treatment changes an average

WUI polygon with the observation set’s unconditional burn probability.
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Table 4—MAIN RESULTS: NEAREST-POINT DID-IMPUTATION ESTIMATES

Any burn Burn share Burned acres Housing exposed

(1) () 3) (4) (5) (6) (7) (8)
Treatment -11.61*** -9.56*** -8.74*** -7.35"* -11.86™** -9.61*** -4.58*** -3.67***

(0.73) (0.72) (0.44) (0.44) (0.75) (0.95) (0.35) (0.36)

Fire FE Yes Yes Yes Yes Yes Yes Yes Yes
Direction FE Yes Yes Yes Yes Yes Yes Yes Yes
Controls No Yes No Yes No Yes No Yes
Mean dep. var. 8.41 5.15 6.12 2.57
Observations 92,720 92,720 92,720 92,720
Fires 601 601 601 601
Treated observations 16,997 16,997 16,997 16,997
Untreated observations 75,723 75,723 75,723 75,723

Notes: Dependent variables are column groups. All columns include fire and nearest-direction fixed
effects. Columns with Yes in the controls row also add ignition-date wind, LANDFIRE elevation,
PRISM annual climate, road access, LANDFIRE fuel, slope, and aspect controls. Treatment is
completed prior-five-year fuel reduction on the nearest WUI-to-ignition path. Standard errors,
clustered by fire, are in parentheses. Three, two, and one stars denote p < 0.01, p < 0.05, and p <
0.10. Means are unconditional observation set means. Any burn and burn share are in percentage
points; burned acres is in acres; housing exposure is in housing units.

The secondary outcomes measure the same protection margin in different units. Treated
observations have lower burned WUI share, fewer burned WUI acres, and fewer housing
units in burned polygons. The acreage outcome measures the amount of WUI land inside
the burn perimeter; the housing outcome links burn geography to exposed residential
capital. These estimates do not imply that fuel treatments eliminate wildfires. Within the
identified comparison set, recent completed treatment lowers realized WUI burning along

the measured ignition-to-WUI margin.

This interpretation is consistent with, but distinct from, the stand-level evidence in fire
ecology. The physical literature studies whether treatments change fire intensity and spread
where the fire meets treated fuels. Our estimates ask whether those changes are large
enough, and spatially relevant enough, to alter the disaster outcome measured at threatened
WUI polygons. The public-finance object is not flame length inside a stand. It is avoided

exposure of people and housing when a realized fire threatens the WUL

Figure 3 plots the nearest-point event-study evidence for the baseline any-burn outcome.
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Distance from the first treatment crossing is on the horizontal axis. This specification uses
fire and nearest-direction fixed effects without additional controls. Pre-crossing estimates
are useful because the pre-crossing estimates show whether treated paths already differ
before the measured treatment crossing. We use the figure as a check on the maintained

comparison, not as a separate headline estimand.

Figure 3: NEAREST-POINT DID-IMPUTATION EVENT STUDY, ANY BURN
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Notes: The panel shows the nearest-point any-burn event-study path using the fire and nearest-
direction fixed effects specification with no controls. Points report dynamic effects by distance
from the first treatment crossing normalized to the reference distance bin. Error bars are 95 percent
confidence intervals.

Supplementary breakdowns for the secondary outcomes are reported in Appendix A-1 to

A-3 and are event-study figures estimated with fixed effects only.
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4.2 Heterogeneity

4.2.1 By WUI Type

Table 5 shows that heterogeneity by WUI type is concentrated in intermix WUI. The intermix
estimates are large across all four outcomes, especially for any burn, burn share, and housing
exposure. Interface WUI estimates are generally smaller, and the acreage estimate is not
uniformly negative. The pattern is consistent with a spatial mechanism: fuel treatment
has the largest measured disaster-prevention effect where the treated path is most directly
connected to the flammable vegetation surrounding exposed structures. Most of the reported
effects are statistically significant at conventional levels, with only a few coefficients lacking
conventional precision (for example, housing exposure in overall interface and several
medium-density interface rows). A cautious reading is that the overall Interface WUI
burned-acres estimate (Panel B) is positive and significant, which is consistent with positive
responses outside the sparsely treated interface fringe and thus does not necessarily imply
net burned-area reductions for the full interface observation set. Low-density interface WUI
also shows a relatively large positive effect on burn share, reinforcing that interface-area

heterogeneity is not uniformly protective.
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Table 5—HETEROGENEITY BY WUI TYPE

Any burn Burn share Burned acres  Housing exposed

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A: Intermix WUI

Overall -16.63*** -15.80"** -10.95"** -10.42*** -25.75*** -23.94*** -6.95"** _6.54"**
(1.01) (1.01) (0.73) (0.72) (1.46) (1.52) (0.53) (0.53)

Low density -16.87** -16.36™** -11.12*** -10.77"** -45.64*** -44.37*** -7.40*** -7.14***
(1.24) (1.20) (0.96) (0.93) (1.93) (1.96) (0.55) (0.52)

Medium density -18.30"** -17.39*** -14.27*** -13.76"** -8.10"** -7.31™** -8.35™* -7.81*"**
(0.59) (0.60) (0.41) (0.44) (0.43) (0.47) (0.63) (0.64)

High density - - - - - - - -

Panel B: Interface WUI
Overall -2.05%  -2.12% -1.527F -1.54™* +0.18"* +0.17**  -0.05 -0.09
(0.39) (0.38) (0.19) (0.20)  (0.04) (0.05)  (0.09)  (0.08)
Low density -5.38"*  -5.84™* +1.56™* +1.45™* -0.98"* -1.61"* -0.62*** -0.72"*
(<0.01) (020) (<0.01) (0.15) (<0.01) (0.38) (< 0.01) (0.04)
Medium density -3.93"** -3.77* -2.73*** -2.60"*  -0.09 -0.05  +0.04  +0.16
(0.54) (0.54) (0.32) (0.32) (0.07) (0.07) (0.14) (0.15)
High density -0.39"* -0.48** -0.31"* -0.35"* -0.01""* -0.01"** -0.11"** -0.20™**
(0.14)  (0.13)  (0.03) (0.04) (< 0.01) (< 0.01) (0.04) (0.05)

Fire FE Yes Yes Yes Yes Yes Yes Yes Yes
Direction FE Yes Yes Yes Yes Yes Yes Yes Yes
Controls No Yes No Yes No Yes No Yes

Notes: This table reports nearest-point DID-imputation estimates by WUI type. Rows split the
estimation observation set into intermix and interface WUI then into density classes within each
type. Dependent variables are column groups. All columns include fire and nearest-direction fixed
effects; even-numbered columns add controls. Standard errors, clustered by fire, are in parentheses.
Any burn and burn share are in percentage points; burned acres is in acres; housing exposure is in
housing units. High-density intermix has 177 observations and too little support for the estimator to
return stable subgroup estimates. Three, two, and one stars denote p < 0.01, p < 0.05, and p < 0.10.

Figure 4 shows the same pattern for the burn outcomes: all reported effects are negative
and statistically significant across the displayed WUI-type comparisons. The preferred
main estimate lies in the middle of the intermix-interface range: it is clearly stronger than
the interface average but materially smaller than the largest intermix estimates, which is
consistent with interface-area attenuation. Appendix A-1 to A-3 report fixed-effects-only
event-study diagnostics for the three secondary outcomes. Appendix A-4 to A-6 report

analogous WUI-type coefficient plots for the same outcomes.
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Figure 4: ANY BURN COEFFICIENTS BY WUI TYPE
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Notes: The figure reports treatment-effect estimates for the any-burn outcome by WUI type. Esti-
mates use the nearest-point treatment definition and the corresponding fixed-effect specification.
Horizontal bars report 95 percent confidence intervals.

4.2.2 By Fuel Treatment Type

Table 6 separates the nearest-path treatment definition by treatment modality. Prescribed
fire and mechanical treatments are defined as type-specific first crossings within five years
before the fire. Treatments tagged as both prescribed fire and mechanical enter both type-
specific definitions, so the estimates should not be read as a mutually exclusive ranking
of treatment technologies. The prescribed-fire estimates are larger than the mechanical-

treatment estimates across all four outcomes.
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Table 6—HETEROGENEITY BY TREATMENT TYPE

Any burn Burn share Burned acres  Housing exposed

(1) (2) (3) (4) (5) (6) (7) (8)

Panel A. Prescribed fire

Treatment -14.28*** -13.61"** -10.12*** -9.73*** -11.40"** -10.36™** -2.98"** -2.64***
(0.84) (0.87) (0.39) (0.40) (0.84) (0.86) (0.43) (0.44)
Observations 92,720 92,720 92,720 92,720
Fires 601 601 601 601
Treated observations 8,647 8,647 8,647 8,647
Untreated observations 84,073 84,073 84,073 84,073
Treated fires 304 304 304 304
Panel B. Mechanical treatment
Treatment -6.74"  -6.40"*  -4.31%"F 4117 -3.90"* -3.34*** -1.54"* -1.35"**
(0.66) (0.67) (0.46) (0.46) (0.67) (0.71)  (0.31) (0.30)
Observations 92,720 92,720 92,720 92,720
Fires 601 601 601 601
Treated observations 13,594 13,594 13,594 13,594
Untreated observations 79,126 79,126 79,126 79,126
Treated fires 326 326 326 326
Fire FE Yes Yes Yes Yes Yes Yes Yes Yes
Direction FE Yes Yes Yes Yes Yes Yes Yes Yes
Controls No Yes No Yes No Yes No Yes

Notes: Dependent variables are column groups. The unit is a nearest-path fire-WUI observation.
Panel A defines treatment as the first prescribed-fire crossing on the nearest WUI-to-ignition path
within five years before the fire. Panel B analogously defines treatment using mechanical treatment
crossings. Treatments classified as both prescribed fire and mechanical enter both panels. All
columns include fire and nearest-direction fixed effects. Columns with Yes in the controls row also
add ignition-date wind, LANDFIRE elevation, PRISM annual climate, road access, LANDFIRE fuel,
slope, and aspect controls. Standard errors, clustered by fire, are in parentheses. Three, two, and
one stars denote p < 0.01, p < 0.05, and p < 0.10.

The treatment-type split is a mechanism check, not a ranking of technologies. Prescribed
fire and mechanical work are assigned to different places and often appear together. The
larger prescribed-fire estimates are consistent with a pathway in which removing surface
and ladder fuels near the ignition-to-WUI path changes whether fire reaches residential
land. The mechanical estimates point in the same protective direction but are smaller, which
is consistent with heterogeneous siting, implementation intensity, and complementarities

between treatment types.
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4.3 Policy Implications

The estimates inform federal adaptation spending by measuring the outcome closest to the
prevention objective: realized WUI exposure. For disaster policy, the relevant question is
not only whether treatment changes total fire behavior. It is whether treatment reduces the
probability that fire reaches exposed people and capital after a wildfire threat materializes. A
10 to 12 percentage-point reduction in WUI burning is therefore a first input to a benefit-cost

calculation, not a benefit-cost calculation itself.

A welfare calculation requires three additional objects. Avoided WUI burning must be
translated into avoided structures, mortality risk, smoke exposure, suppression costs, fiscal
transfers, insurance losses, and ecological effects. Those benefits must then be compared
with treatment costs and the opportunity cost of alternative public investments. The cal-
culation must also account for spatial spillovers: one treatment can protect multiple WUI
polygons, and one WUI polygon can face multiple fires over time. The housing outcome
moves toward this calculation by linking burn geography to residential exposure, but it

does not value losses directly.

The central policy implication is about targeting. Treated acres are an input, not the object
society values. The return to fuel treatment depends on where projects are placed relative to
exposed WUI land and whether those projects are relevant for the routes by which realized
fires reach people and structures. Treatments far from exposed assets may have ecological
or operational value, but the disaster-prevention return comes from changing whether

exposed WUI land burns.

5 Conclusion

Federal fuel-reduction treatments are targeted investments in wildfire adaptation. We
evaluate whether those investments prevent WUI wildfire disasters using a nearest-point

DiD-imputation design. In the main observation set, recent completed treatment on the
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nearest ignition path lowers WUI burn probability by about 11 percentage points in the
baseline specification and remains similar after adding wind, elevation, PRISM climate,

road, fuel, slope, and aspect controls.

The estimates have three limitations. First, these estimates are conditional on realized WUI
fire threat. These estimates do not measure how fuel treatment changes ignition, total fire
size, smoke, carbon, suppression costs, or fire probability across the full landscape. These
estimates measure a narrower but economically central margin: whether threatened WUI

polygons burn when a realized fire occurs.

Second, local selection may remain within a fire-direction cell. If managers place treatments
on the highest-risk paths, selection biases the estimate toward zero or apparent harm. If they
place treatments where suppression access, terrain, or defensibility already make burning
less likely, selection can bias the estimate toward protection. The design removes fire-level
and broad directional shocks, but it cannot remove all unobserved fine-scale differences
along the path to WUI land. Third, the coefficient may combine treatment effects with the
suppression environment that uses pre-positioned fuel work, and the nearest path is an

approximation to approach rather than an observed daily spread path.

These concerns define the scope of the estimates. We estimate a local protection effect
for threatened WUI polygons in fires with usable untreated observations. The estimate
should not be read as an average effect of all fuel-treatment acres, a ranking of treatment
technologies, or a program-wide benefit-cost ratio. It should be read as evidence that,
conditional on a realized fire threat and within the same fire-direction environment, recent

completed treatment on the nearest ignition path reduces WUI burning.

The result helps connect two policy margins that are often kept separate. Stand-level studies
establish that treatments can change the behavior of fire in treated fuels; WUI ignition
research shows that losses depend on conditions near homes. Our design evaluates the
link between those mechanisms and a disaster outcome: whether exposed WUI land burns.

The evidence does not imply that every treated acre has high economic value. It implies
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that treatment placement matters for translating physical fuel changes into avoided WUI

exposure.

The broader lesson is about targeted prevention. Public adaptation can look least effective
where planners deploy it most intensively because those places have high counterfactual risk.
Evaluation therefore has to reconstruct the risk that policy was selected to confront. Within
realized fires, the nearest-path design provides one such comparison. In that comparison,
completed federal fuel treatments reduce realized WUI burning when treatment is linked to
the nearest ignition path. The result does not settle the full welfare question, but it identifies

the first link in that calculation: avoided exposure of WUI land to wildfire.

A Appendix

Figure A-1: BURN SHARE EVENT STUDY (FIXED-EFFECTS SPECIFICATION)

o

[e)] 1

%’ 10 { Fire x nearest-direction FE 3

g 3

G !

U] 51 i

£ 1

g ;

g 0 - . .?\

3 § \ ./.\
§ -5 i .\0/ )
— . :

g \. 3

o —10 A \ :

2 ¢ 3

7] H

£ —-151 i

3 1

Qo H

2 20

c T T T T T T T T T T T
° -25 -20 -15 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
é Distance from first treatment interaction (km)

Notes: The figure reports the nearest-point event-study path for burned-WUI
share by distance from the first treatment crossing. Fixed effects include fire
and nearest-direction; controls are not added.
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Figure A-2: BURNED ACRES EVENT STUDY (FIXED-EFFECTS SPECIFICATION)
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Notes: The figure reports the nearest-point event-study path for burned WUI
acres by distance from the first treatment crossing. Fixed effects include fire
and nearest-direction; controls are not added.

Figure A-3: HOUSING EXPOSED EVENT STUDY (FIXED-EFFECTS SPECIFICATION)
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Notes: The figure reports the nearest-point event-study path for housing units
in burned WUI by distance from the first treatment crossing. Fixed effects
include fire and nearest-direction; controls are not added.
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Figure A-4: BURN SHARE COEFFICIENTS BY WUI TYPE
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Notes: The figure reports treatment-effect estimates for WUI burn share by
WUI type from fire and nearest-direction fixed-effects specifications only.
Horizontal bars report 95 percent confidence intervals.
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Figure A-5: BURNED ACRES COEFFICIENTS BY WUI TYPE
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Notes: The figure reports treatment-effect estimates for burned WUI acres
by WUI type from fire and nearest-direction fixed-effects specifications only.
Horizontal bars report 95 percent confidence intervals.
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Figure A-6: HOUSING EXPOSED COEFFICIENTS BY WUI TYPE

Main result

——
. ——e—
Intermix overall =
. . _—
Intermix low density =
Intermix medium density =
Intermix high density
Interface overall '-.-:_._'
. L]
Interface low density =
Interface medium density ——
. . |
Interface high density HH
r T T T T T 1
-10 -8 -6 -4 -2 0 2

Effect on housing units in burned WUI polygons
l® FEs only W FEs+controls

Notes: The figure reports treatment-effect estimates for housing units exposed
in burned WUI polygons by WUI type from fire and nearest-direction fixed-
effects specifications only. Horizontal bars report 95 percent confidence inter-
vals.
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