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Military Context

» Within the military, no reliable
wildfire data exists. Fire data
collected by installations varies in
completeness, quality, and variables
tracked.

» Wildfires impact installation
infrastructure, training resources,
natural and cultural resources, and
neighboring communities. Impacts
sometimes lead to lost training time
and/or capability.

» National fire statistics for the
military are lacking making data-
driven decision about the distribution
of limited fire management resources
difficult.
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Purpose

Help fill the data gap.

Provide information to regional and national level fire managers with which to
inform decisions about funding and resourcing installation wildland fire
programs.

» Triage installations, both within each military branch and across all of DoD,
based on their exposure to historical wildfires.

Intended as one factor within a larger decision-making framework.

» This study is not a ‘risk’ assessment, it does not account for the values that
could potentially be impacted by a fire.
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General Approach

» Use 11 years of Landsat differenced normalized burn ratio (dNBR) to identify wildland fires at Air
Force, Army, Navy, and Marine Corps installations.

» Analyzed 145 installations chosen based on perceived fire exposure and discussion with military
branch representatives.

Number of installations included in the analysis from each DoD Service Branch

40 54 37 14 145

» Defined a study area including the installation and a 5-mile buffer around it to account for the
potential for off-installation fires to impact the installation.

» Use a decision tree approach to separate prescribed fires from wildfires with >80% accuracy.
Prescribed fires were removed from the analysis.

» Utilize a set of 10 metrics to establish the characteristics of fires occurring at each installation.
» Use normalized measures of these metrics to compare installations and triage them within each
military branch, as well as across all four branches.
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Landsat Fire Detection

» dNBR is routinely used to delineate wildland fires. We largely followed the
methods of the national Monitoring Trends in Burn Severity (MTBS) program
with two key differences.

» We did not restrict our fire detection to reported fires as the MTBS program does.

» We did not restrict our fire detection to the acreage limits of the MTBS program.

» Automated a process to carry out initial detection and perimeter delineation
of fires. A Remote Sensing Analyst reviewed these and edited, added, or
deleted perimeters as necessary.

» Fires were attributed with their detection date, whether they were inside,
outside, or crossed the installation boundary, and the fire type (prescribed or
wildfire).
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Landsat Detection Limitations

» Small fires, low severity fires, and fires under dense canopy can go
undetected.

» Cloud cover can mask fires if it is present for multiple satellite passes (once
every 16 days).

» Our data is therefore effectively a sample of fires at each installation with a
known bias towards larger and more severe fires. The intent was not to
detect every fire, or even most fires, but to create a consistent and
comparable sample set of data across all installations representative of fire
activity.
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Fire Detections

Detected 20,912 fires, of which 5,291 were determined to be wildfires.

1,046 were entirely outside the installation boundary, but at least partially
within the 5-mile buffer.

113 fires were transboundary.

» 4,132 fires were detected that were entirely within installation boundaries.

» Again, the purpose was not to detect all fires, but to create a sample of fires
that is consistent and comparable across installations.
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Hazard Metrics

We defined 10 metrics used to characterize wildfire activity at each installation.

» Total count of all wildfires inside
the installation.

» Median count per year of wildfires
inside the analysis area

» Total count of large wildfires inside
the installation

» Proportion of all wildfires inside
the installation that are large

» Total count of wildfires inside the
installation close to the boundary
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Total count of transboundary
wildfires

Median fire size across the analysis
area

90th percentile fire size across the
analysis area

Total wildfire acreage within the
installation boundary

Overall proportion of installation
area burned by wildfire




Analysis

» ldentified outliers for each metric in each dataset independently (each of the
service branches and DoD-wide) to avoid skewing the results, which are dependent
on proportionate relationships. Outliers were assessed subjectively.

» Metrics for the remaining installations were normalized on a scale of 0-1.

» Within each dataset, the maximum installation value observed was assigned the value of
1 with all others proportionately tiered off of that value.

» The intent is to compare installations relative to one another on a proportionate scale.

» Normalizing the data also allows us to compare metrics with different units.

» Some metrics could be sensitive to installation size. A linear correlation analysis
was used to test this and no metrics were found to be strongly correlated with
installation size, though there was moderate correlation in several cases.
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Relative 90th Percentile Fire Size Across the
Analysis Area

Relative Total Count of Large Wildfires
Inside the Installation
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Analysis

Used K-means clustering to group installations by metric similarity.

Used Kruskal-Wallis and Dunn’s post hoc tests to determine the statistical
validity of each metric for separation among clusters.

» Each group was then assigned a low, moderate, or high hazard classification
based on the metric values of the group.

» Installations where no fires were detected anywhere in the study area were
assigned to a negligible category as were installations with fires inside the 5-
mile buffer but completely outside the installation boundary.

» Reviewed each installation against their group’s classification and subjectively
refined the classifications. Outlier installations were assessed in a similar
manner.
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Results - Example K-Means Clusters for
Two Metrics
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Air Force
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Wildland fire hazard data source:

The Center for Environmental Management of Military Lands (CEMML). Colorado State University.
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Cross-Branch High Hazard Installations

Avon Park AFR » These represent installations from the Air
Force, Army, and Marine Corps, with the bulk

Camp Pendleton from the Army.

Eglin AFB/Hurlburt AFB » These installations had some of the highest

individual metric values in the study as well

Fort Benning as humerous metrics that were high or

Fort Bliss moderate.
Fort Bragg » These installations were the most likely to
experience:

Fort Campbell » Numerous wildfires

Fort Hood » Large wildfires
Fort Polk » Transboundary wildfires
Fort Sill » Some combination thereof

Fort Wainwright
Saylor Creek BR

Yakima Training Center
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Cross-Branch Moderate Hazard
Installations

Aberdeen Proving Ground
Barry Goldwater AFR
Camp Lejeune

Camp Parks

Dare County BR
Dugway Proving Ground
Ellsworth AFB

Fort AP Hill

Fort Carson

Fort Drum

Fort Gordon

Fort Huachuca

Fort Hunter Liggett
Fort Jackson

Fort Riley
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These represent installations from every branch.

Elevated values for multiple metrics




Wildfire Hazard Classification

Cross-Branch

@
Juniper Butte Bomhing Range (USAF)

Hill AFB UTTR (USAF)
Rock Island Arsenal (ARMY) Carlisle Barracks (ARMY‘»

Fort Garson (ARMY)

Barry Goldwater
. @AFR (USAF) White Sands Missile Range (ARMY)

Morena
@Holloman AFB [USAF)

ﬁ AP:\B (USAF) Rabins ARB 124,J8 Charleston (USAF) 4
Barksdale AFB(USAF)  Fort Benning (ARMY) @ (USAF) 1
MCRD Parris Island (USMC) 1

Q
2
A - L Gyoint Base Lewis-McChord (ARMY
Hazard Classification g & !
i .\’aklma Training Center (ARMY)
L4 ngh Grand Forks AFB (USAF) i
NWSTF Boardman (NAVY) o
Moderate 7
® Low .
7
. ]
Negligible / 1\ i Q8 Boston S (USAP)
NAJVSUPPIDET Mountain Home AFB (USAF) Ellsworth AFB (USAF) Fort McGoy (ARMY ) Fort Devens A.RMy) fatick (ARMY)
Mont Cent Beh @ Saylor Creek Bombing Range (USAF) @ (/estoveyARBILSA WB Cape Cod (USAF)
(NAVY )
Detroit Arsenal (ARMY) West Point(ARMY)

Picatinny Arsenal (ARMY:) @ "k n'/HVMlnn{ARMV
NWS Earle (NAVY)

NAVSUPPDET  geale AFB (USAF) JIAVSLIZEDET Mont Magna Utah (NAUY)
Mont D\xon Fac @ JBMDL (USAF)
(NAW) ONAS Fallon (NAVY) 1y gy Proving Ground (ARMY) l an Detrick (ARW) Aberdéen Proving Ground (ARMY)
Camp Parks (ARMT e MWIC|Bridgepont (USMC) Wright Patterson AFB (USAF) AL
.Sharpe Army Depot (ARMY ) ® MCB Quanllco (U MC) tRR‘MyE‘E °
NAVSUPPDET .
orosidin of 1 ey QMo USAF Acadery (USAF) Fort Riley (ARMY) £ Ot LeavenwortN(ARNMY) sacrane vy, NIOCSlgar Grm-e \‘—SN A, oun
residio of Monterey ( 1@ (nAvY) NTTR (USAF) Cheyenne Mtn AFS (USAF)

’ (NAVY)
NAW)
A !Fﬂﬂ KQOX (ARMY,} NAS QOceana
Fort Leonarg Wood (ARNY) = Lang‘eyﬁ;m AR
(] Bare County Bombing Range (USAF)
J

n\l of Marsh Target Area (USMC)

NAWS
X
Fort Hunter Liggett (ARMY) C?"\:‘:VL?;‘Q Pinon Canyon Maneuver Site (ARMY)
Vandenberg AFB (USAF) Fort Iwin (ARMY)) Fort Gampbell (ARMY) RS G
= erry
NWS Seal Point (| USMC)
Beach MCAGCC Twentynine Palms (USMC MCOLF Atlantic (USMC
Santa Cruz Island (NAVY)® NAVY) @ p \ Arncld AFB (USAE] oo ic ( )
San Nicolas Island (NAVY) A_hosc Nll CURERIATD (V) LICUZRENCS 2R e A ARV ) {Camp Lejeune (USMC)
e n Iy {,”W e Little ROCKAEB (USAF) Fort Jackson (ARMY)) »
San Clemente (NAVY) @ USMC) Fort Sill (ARMY) @ _PECR (USAF)
glelmseAFR (USAR) P Redsthne Arsenal (ARMY) Fort'Gordon “@
®  (ARMY) NUJS Charleston (NAVY)
Columbus AFB (USAF) 'Dobbins

. NAS Jacksonville (NAVY)

Fort Meyer MeNair (ARMY)
Furt Belvoir (ARMY)
| (ARM:

MCAS Be%l(chrl (USMC \)V
NAS Whiting Field (NA)
OLF Whitehouse (NAVY)

Fort Buchanan (ARMY )
—a e

£ e

| ot

CEMML 2021

(NAVY)
Gn\dwater Rng |\J|
Wast (USMCY Fort Huachuca (ARMY) @Fort Bliss (ARMY) NAS Merigian (NAVY) 2, Stewart (ARMY) \
! 15
;—Pumar Proviga Ground (ARMY) Fort Rucker (ARMY) 054y ARB GBWR (USAF)
Rt Muguitii Fort Hood (ARMY NOLF Biewton NSB Kings Ba:
NWS Seal Bé a:h De' Fallbrook (NAVY ) ort Hood ( ) —EgIiAAER Hurlburt gs Bay
: S roneow iy @ LTy P T
6. U.S. Army Laboratory (ARMY ) NCEC Gulfport (NAVY, NAS NOLF @y nafi Rgn:\c&fﬂa’)
JB San Antnio (USAF) Pensacola CPOCtaw AFE (USAF 5 e G R
Fort Wainwright (ARMY) (] (NAVY) (NAVY) p )
> . NCTaRiRacilc Macdill AFB (USAF)  Avon Park AFR (USAF)
Fort Greeley (ARMY)| »# (NAVY) 1 .vom arl [ )
JB Elmendori-Richdrdson (USAF) | 2} Dide Tarcc{REnT ST
~ Q £ MCB Hawail Kaneone:E{'a;/(%lgMC) NALF Orange NAVY)® NAS Corpus Christi (NAVY)
NAS Kingsville (NAVY ) T e
USAG Hawaii PTRYARMY)
1. Pearl Harbor (NAVY) iC HimeStead ARB (USAF)
earl Harbor . .
2. USAG Hawail Schofield BarracksTARMY)|  Wildiand fire hazard data source:
The Center for Environmental Management of Military Lands (CEMML), Colorado State University.




Cross-Branch Comparisons

Army Air Force Navy Marine Corps
Proportion of All
Installations 0.37 0.28 0.26 0.10
High 0.69 0.23 0.00 0.08
Cross-Branch Moderate 0.55 0.26 0.13 0.06
Proportion Low 0.23 0.30 0.38 0.10
Negligible 0.31 0.28 0.30 0.11

» All else being equal, the proportion of each branch’s installations in each
category should equal the proportion of the branch’s installations in the
entire analysis.

» Deviations indicate a disproportionate level of wildfire hazard.
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Conclusions

» The Army contains a disproportionate number of installations categorized as
high or moderate hazard.

» Navy installations were disproportionately categorized as low or negligible.

» In every analysis in this study, more installations fell into the negligible
category than into any other category - from 35% to 46%.

» At every installation in the low through high categories, at least one fire had
burned on the installation, representing a realized fire hazard. At least a
minor wildfire hazard exists at all of these installations.

» Installations in the same category may be categorized as such for very
different reasons - e.g. many small to moderate size fires versus large but
rare fires. The mitigation measures necessary, their effectiveness, and their
cost are likely to vary as well.
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Additional Context

» This study presents a starting point for additional investigation into those
installations in the high and moderate categories. This initial ranking, allows a
data-driven focus on those installations that are likely most deserving of additional
attention.

» Installations in the low and negligible categories may not require additional fire
mitigation measures, but may also be in these categories because of existing
successful fire mitigation programs.

» Mitigating the hazards at moderate rated installations without major disruptions to
the mission may be more straightforward, and possibly more cost-effective, than
mitigation at high-hazard installations where interrupting the connection between
the mission and fires may require extensive intervention.

» There are elements beyond wildfire hazard to consider when determining the level
of wildland fire support an installation may require, particularly prescribed fire
ngeds that may reduce the hazard, but are often implemented to support INRMP
objectives.
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The Big Picture

Wildfire mitigation resources and funding are finite.

» Wildfire is inherent in the military mission.

Protecting the military mission requires applying those limited resources as
efficiently as we can.

» These results are intended to be utilized as one component in decisions
regarding the distribution of those resources.
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