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EXECUTIVE SUMMARY

Executive Order (EO) 14008, “Tackling the Climate Crisis at Home and Abroad” (January 27, 2021), Sec. 211.
Climate Action Plans and Data and Information Products to Improve Adaptation and Increase Resilience requires
the Department of Defense (DoD) and other federal agencies to submit a draft action plan to the National Climate
Task Force and the Federal Chief Sustainability Officer within 120 days that describes steps the agency can take
with regard to its facilities and operations to bolster adaptation and increase resilience to the impacts of climate
change. A key requirement of this task is a description of each agency’s climate vulnerabilities, particularly in the
area of installation, building and facility energy, and water efficiency. This report, and the data development effort
it represents, supports DoD’s response to this EO through the analysis of installation exposure to climate change
hazards at home and abroad.

EO 14008, Section 103 also requires the DoD to produce a Climate Risk Analysis (CRA) of the security
implications of climate change for incorporation into modeling, simulation, war-gaming, and other analyses. The
CRA isto be submitted to the President within 120 days. Information in this report, combined with other DoD
data and analytical results, will be used to support that Climate Risk Analysis.

Climate change has been identified by the DoD as a critical national security threat and a threat multiplier.
Improvements to master planning and to infrastructure planning and design are recognized as vital for reducing
current and future vulnerability to climate hazards to installations, missions, and operations worldwide.
Understanding installation exposure to climate hazards—individually as well as across the installation portfolio—
is the critical first step in the assessment of vulnerability.

In mid-Fiscal Year (FY) 2019, Office of the Deputy Assistant Secretary of Defense, Environment and Energy
Resilience chose to proceed with the development of the DoD Climate Assessment Tool (DCAT), a Department-
wide, screening-level climate hazard assessment tool based on an existing geospatial tool developed by the U.S.
Army Corps of Engineers (USACE) for the Department of Army (Office of the Assistant Secretary for the Army
for Installations, Energy, and Environment). The DCAT is consistent with the language of Section 326 of the FY
2020 National Defense Authorization Act (NDAA), “Development of Extreme Weather Vulnerability Assessment
and Tool,” produced after initiation of DCAT.

The DCAT relies on the best available data and model outputs already produced and processed into forms
amenable for producing actionable assessments of future climate exposure to eight hazards: coastal flooding,
riverine flooding, heat, drought, energy demand, land degradation, wildfire, and historical extreme weather
events. It includes customizable reports that can be used to prioritize installations for further, more detailed study
of exposure, sensitivity, and adaptive capacity (ESAC); support effective and efficient planning; and identify
climate resilience measures.

This report includes high-level information on resilience measures installations can deploy to reduce their
vulnerability to changes in both chronic and extreme climate hazards (Appendix 3). It recommends implementing
a “multiple lines of defense” approach that can include a mix of management, temporary, structural, nature-based,
and nonstructural measures in order to deliver performance and resilience over the intended project lifecycle [e.g.,
Naval Facilities Engineering Command 2017, USACE 2015]. This approach also provides redundancy and
robustness to multiple and compound hazards.

Pagei



DOD INSTALLATION EXPOSURE TO CLIMATE CHANGE AT HOME AND ABROAD

The DCAT assesses climate hazard exposure for two scenarios—lower future warming and higher future
warming—and two future epochs: 2035-2064 (reported at 2050) and 2070-2099 (reported at 2085). The DCAT
provides a consistent framework allowing for the addition of more installations, additional indicators, and new
hazard categories at a later time. Thus, the user is able to both expand and refine the knowledge available to them
as further data become available. Analysis of the data in the screening-level DCAT shows that:

1. Climate hazard exposure across all installations increases through time for scenarios of both lower and
higher warming.

2. Climate hazard exposure is more pronounced for the later epoch (2085) and the scenarios of higher

warming.

For most hazards, there is close similarity in values between the 2085 lower and 2050 higher conditions.

4. Differences in the degree of exposure to hazards are similar across both scenarios until mid-century, when
they diverge.

5. Hazards more directly tied to temperature change (e.g., heat, drought, wildfire) show larger increases in
exposure under the 2085 higher scenario than other hazards.

6. Slower increases in exposure with time are evident for other hazards (e.qg., coastal flooding, energy
demand, land degradation).

7. Drought is the dominant indicator across all epoch-scenarios for DoD and for the individual Departments.

8. There is no epoch-scenario combination under which installation exposure to climate hazards is projected
to decrease.

w

Exposure to climate hazards is broadly similar across the Departments within CONUS, Alaska (AK), and Hawaii
(HI). The Air Force installations are often located in areas where long-term aridity or recurring short-term drought
are anticipated to increase, driving more wildfire risk. Army installations have a similar pattern of exposure but
are more frequently located in areas where exposure to heat, drought, and riverine flooding increase with time.
The Navy has a significant exposure to coastal and riverine flooding, but there is great variability: some
installations are highly exposed, and some are not. Like other Departments, the Navy’s drought exposure
increases stepwise based on the time and scenario.

Across the rest of the world (ROW) installations, the dominant hazard across all the Departments is also drought,
and heat is also acommon concern. Navy and Air Force ROW installations have large exposure to coastal and
riverine flooding, and to land degradation. Army ROW installations in the DCAT, however, are predominantly
located in inland urban environments where coastal erosion, coastal inundation, and riverine flood exposure is
low.

This assessment helps identify the climate hazards to which DoD installations are most exposed, which is the first
step in addressing the potential physical harm, security impacts, and degradation in readiness resulting from
global climate change. Assessing the sensitivity of an installation to its climate hazard exposure is the next step,
followed by identifying measures to reduce exposure and sensitivity.
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DOD INSTALLATION EXPOSURE TO
CLIMATE CHANGE AT HOME AND
ABROAD

DEVELOPED FOR THE OFFICE OF THE DEPUTY ASSISTANT SECRETARY
OF DEFENSE, ENVIRONMENT AND ENERGY RESILIENCE

INTRODUCTION

BACKGROUND

Executive Order (EO) 14008, “Tackling the Climate Crisis at Home and Abroad” (January 27, 2021), Sec. 211.
Climate Action Plans and Data and Information Products to Improve Adaptation and Increase Resilience requires
the Department of Defense (DoD) and other federal agencies to submit a draft action plan to the National Climate
Task Force and the Federal Chief Sustainability Officer within 120 days that describes steps the agency can take
with regard to its facilities and operations to bolster adaptation and increase resilience to the impacts of climate
change. A key requirement of this task is a description of each agency’s climate vulnerabilities, particularly in the
area of installation, building and facility energy, and water efficiency. This report, and the data development effort
it represents, supports DoD’s response to this EO through the analysis of installation exposure to climate change
hazards at home and abroad.

EO 14008, Section 103 also requires the DoD to produce a Climate Risk Analysis (CRA) of the security
implications of climate change for incorporation into modeling, simulation, war-gaming, and other analyses. The
CRA isto be submitted to the President within 120 days. Information in this report, combined with other DoD
data and analytical results, will be used to support that Climate Risk Analysis.

Climate change has been identified by the DoD as a critical national security threat and threat multiplier. Asa
result, DoD has undertaken several actions to assess the impacts of changing climate and severe weather to
missions and operations. These include assessments of the capability of military locations to prepare effectively to
reduce disruption though improved master planning and infrastructure planning and design, considering the
weather and natural resources most relevant to them [DoD, 2014a, 2014b, 2018, 2020a].

In 2018, the military Departments contributed high-level assessments of selected installations based on
operational roles to five climate- and weather-related hazards. These were included in the DoD January 2019
submittal to Congress, “Report on the Effects of a Changing Climate to the Department of Defense” [DoD, 2019]
per Section 335 of the Fiscal Year (FY) 2018 National Defense Authorization Act [NDAA, 2018]. Following
these assessments, the DoD recognized the need to produce a consistent assessment of climate hazards across
Departments, both within the contiguous U.S. (CONUS) and outside the CONUS (OCONUS), using best
available science to support prioritization for further action.
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In mid-FY 2019, the Office of the Deputy Assistant Secretary of Defense, Environment and Energy Resilience
chose to expand an existing geospatial tool that had been developed by the U.S. Army Corps of Engineers
(USACE) at the request of the Department of Army (Office of the Assistant Secretary for the Army for
Installations, Energy, and Environment) to meet the requirements of Section 335 of NDAA 2018. This existing
geospatial tool provides a screening-level assessment of the exposure of 113 Army locations to six climate
hazards (coastal flooding, riverine flooding, desertification, wildfire, thawing permafrost, drought).

The DoD Climate Assessment Tool (DCAT) relies on the best available information already produced concerning
historical and projected future hydro-climate conditions derived from a number of sources including the U.S.
Geological Survey, the National Oceanic and Atmospheric Administration, the U.S. Department of Agriculture,
the U.S. Global Change Research Program, the National Science Foundation’s National Center for Atmospheric
Research, and the National Aeronautics and Space Administration.

No single source can supply all necessary historical or projected future hydro-climate information for all
installation locations evaluated here. Installations in the CONUS have common sources of information;
installations in Alaska (AK) have common sources; installations in Hawaii (HI) have common sources; and
installations in the rest of the world (ROW) have common sources. In each case, the most useful sources of
information already created were employed for evaluation with the DCAT; no new hydro-climate input
information was created. Using those common sources means that comparisons of evaluation endpoints are
legitimate within the geospatial regions identified here but should be viewed as merely suggestive of actual
differences when comparing across those geospatial regions. This high-level exposure screening assessment can
be used to identify locations in each geospatial subdomain where additional, local information could help refine
questions related to hydro-climate exposures and responses but cannot support comparisons across specific
locations in different geospatial regions.

Methods for evaluating climate exposure and development of resilience measures are based on existing
engineering best practices, including previous USACE assessments. DCAT is consistent with the language of
Section 326 of the FY 2020 NDAA, “Development of Extreme Weather VVulnerability Assessment and Tool,”
written after initiation of DCAT. DoD will provide a response to Congress on the implementation of Section 326,
including the results of an evaluation of the DCAT by a Federally Funded Research and Development Center.

USACE recently completed a report that presents an overview of the DCAT, and provides an analysis of the
results for 157 installations in CONUS, AK, and HI (White et al., 2021). The report contains tables of potential
climate resilience measures, along with rough order of magnitude costs. In addition, the report includes a notional
installation having characteristics of the most vulnerable military installations based on their exposure to climate
hazards. A high-level assessment of the exposure, sensitivity, and adaptive capacity (ESAC) of installation assets
to climate hazards is provided. The notional installation includes a geospatial depiction of current exposure to
climate hazards and exposure for lower and higher future climate change scenarios. Potential resilience measures
are applied to the notional installation, along with information on the parametric cost of appropriate resilience
efforts.

This report expands the assessment of DoD installation exposure to climate change hazards to 1055 installations
in CONUS, AK, and HI, as well as 336 ROW installations. It provides an assessment of exposure across all
Departments and also examines hazard exposure for each Department. A more detailed assessment of exposure to
changes in heat stress and energy demand is also provided, along with deeper dives into wildfire and coastal and
riverine flood resilience. These examples show the power of the DCAT in leveraging nationally consistent,
authoritative data to provide robust, screening-level assessments of exposure across the DoD installation portfolio.

Page 2



DOD INSTALLATION EXPOSURE TO CLIMATE CHANGE AT HOME AND ABROAD

The results of the DCAT assessments support prioritizing installations for further, more detailed study to enable
focused attention on installation climate exposure that affects readiness in the face of climate hazards. DCAT and
the notional installation example also support effective and efficient planning and implementation of climate
preparedness and resilience measures where necessary.

This report includes an example assessment of a notional installation having characteristics of the most vulnerable
military installations based on their exposure to climate hazards (Appendix 2). A high-level assessment of the
exposure, sensitivity and adaptive capacity of installation assets to climate hazards is provided. The notional
installation includes a geospatial depiction of current exposure to climate hazards and exposure for lower and
higher future climate change scenarios. Potential resilience measures are applied to the notional installation, along
with information on the parametric cost of appropriate resilience efforts.

CLIMATE VULNERABILITY = CLIMATE EXPOSURE,
SENSITIVITY, AND ADAPTIVE CAPACITY

Although many definitions exist for climate vulnerability, three common factors that contribute to vulnerability
are the exposure of the asset or activity to one or more climate hazards, the sensitivity of the asset or activity to
the hazards, and the degree of adaptive capacity to reduce this exposure and sensitivity [e.g., Smit and Wandel,
2006; Fussel, 2010; Naval Facilities Engineering Command, 2017]. Though other frameworks exist, the exposure,
sensitivity, and adaptive capacity (ESAC) framing supports simple to complex assessments of vulnerability at
multiple scales as needed by DoD with its local, regional, national, and global scope.

Climate exposure occurs at nested spatial scales, as shown in Figure 1. While large-scale trends such as warming
global average temperatures and changing sea level are evident at a global scale, the specific hazards of interest to
installations are more apparent at finer scales (regional to local) where interaction with topography, land cover,
and human activities plays an important role in the magnitude of the hazard. These regional-to-local scale hazards
can affect soil moisture, local precipitation and temperature effects, and local relative sea-level rise, which in turn
impact installation missions and operations, ecosystems, and social systems important to the functioning of
installations.
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Figure 1. Spatial scales over which vulnerability assessments can occur. This report addressed DoD-scale decision making (blue rectangle), while
the output developed here (blue rectangle) can be combined with other information for Department and installation-level-decision making (spatial
nesting after Berg, 2012].

For the purpose of identifying resilience measures in this report, estimates of the sensitivity of installation mission
or operational requirements to climate hazards are performed at local-to-regional scales because many of the most
important factors contributing to sensitivity exert their influence at this scale. Adaptive capacity—the ability of
installations to adjust to climate disruptions, take advantage of opportunities, or to respond to consequences—is
influenced largely by site-specific local factors [Adger and Vincent, 2005, Engle 2011]. Additional complexities
arise where combined or correlated events occur, particularly when they have the potential to synergistically
increase exposure and sensitivity [Zscheischler et al., 2018].

The information gained from simple conceptual-level vulnerability analyses (Figure 1) can help to orient decision
makers to the primary hazard exposure, reflect level of vulnerability (Figure 2, top), determine the level of effort
for further study (Figure 2, bottom), and guide investments in future more detailed analyses. To a certain degree,
this depiction of scales plays arole in the range of strategic to tactical responses (Figure 3).

The utility of the exposure-sensitivity-adaptive capacity (ESAC) framing in estimating vulnerability through
ESAC isshown in Figure 2a. An asset may be exposed to climate hazards, but if its sensitivity is low, its
vulnerability may also be low and there may be little need to implement resilience measures. If the same asset is
sensitive to the hazard but adaptive capacity is high, measures can be implemented to ameliorate the effects,
thereby decreasing vulnerability. On the other hand, if the asset is exposed, sensitive, and the adaptive capacity is
low, the adaptive measures may be limited, expensive, or difficult to implement, making it more difficult to
implement measures that reduce vulnerability.
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Where resources are constrained, it is especially important to focus on efforts with high value proposition [Ford et
al., 2018] and leverage existing knowledge. For example, a wide suite of standardized adaptation measures may
be applicable for installations with high adaptive capacity (e.g., skilled technical staff, financial resources,
sufficient land, or facilities for relocation). Those with low adaptive capacity (e.g., constrained financial
resources, socially vulnerable populations, deteriorated critical infrastructure, and threatened ecosystems) may
require tailored evaluations and solutions that entail a much larger level of effort to plan and implement solutions
that improve resilience and reduce vulnerability.

ADAPTIVE
EXPOSURE SENSITIVITY CAPACITY VULNERABILITY
HIGH HIGH LoOwW HIGH

Installation 1

Installation2 -- .
Installation 3 c

Installation 4 —

Installation 5 --

Figure 2. (top) Qualitative assessment of exposure, sensitivity, and adaptive capacity (ESAC) evaluation can aid in assessing vulnerability. (bottom)
Level of effortcan vary: (a) Assets or activities with greater exposure and sensitivity require more detailed study to determine adaptive capacity.
(b) Assets or activities with greater sensitivity and lower adaptive capacity require more detailed study to determine climate risk reduction

measures. () Implementation is more complex for activities with higher combinations of exposure and sensitivity and lower adaptive capacity.
[After Veatch and White, 2019].
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Figure 3. Global scale assessments are often strategic, while local assessments are often tactical. [After Berg, 2012]. This report deals with strategic
DoD-scale decision making (blue rectangle), while the outputdeveloped here can support strategic-to-tactical Department-level decisions and

tactical installation-level decision making.
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DOD CLIMATE ASSESSMENT

As noted above, understanding exposure at a large scale supports an iterative process to extend understanding
exposure-sensitivity-adaptive capacity at progressively finer scales where regional-to-local information becomes
important in decision making. The DCAT considers two 30-year epochs of projected climate, centered at 2050
and 2085. These ensure consistency with other national and international analyses while representing a near-term
and long-term planning horizon (30- and 65-year time horizons). This high-level screening assessment provides
exposure information at the installation level (Figure 4). This will help Departments to identify where additional
investments may be needed to determine sensitivity and adaptive capacity to help installations plan for climate
resilience [e.g., Department of the Navy, 2017; Pinson et al., 2020; Department of the Air Force, 2020; DA,

2020].

The DCAT provides a consistent screening-level assessment of exposure to projected current and future climate
hazards across 1391 selected DoD installations: 1055 in CONUS, AK, and HI, and 336 in the ROW. ROW
locations are located in Asia, Africa, Pacific Islands, Europe, the Caribbean, and Greenland (Figure 5). The
climate hazards considered are drought, coastal flooding related to changing sea level, riverine flooding, heat,
energy, land degradation, wildland fires and wildfires, and historic extremes (e.g., hurricanes, tornadoes, ice
storms, ice jams, drought).

Figure 4. Climate exposure cases: current (buff) and future (gray) climate scenarios indicating (top row 1) no exposure currently or in the future,
(middle row 2) no current exposure but projected futureexposure, and (bottom row 3) current exposure and projected exposure. Exposurein rows
2 and 3would receive higher priority for further action than row 1. [After EU-CIRCLE, 2016].
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Figure 5. Map and pie charts showing the location of installations in the DCAT. Top: Map showing the three geospatial regions included in the
DCAT: CONUS, AK, and HI in the current DCAT, as depicted by the red dotted lineand the ROW. Middle: Pie charts showing the counts of
installations by Department in the DCAT by geospatial region. Bottom: Pie charts showing counts of installations by ROW subregion for each
Department in the DCAT.
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DATA

Not all climate hazard exposure data are available for all geographies. Different model outputs were used in the
three geospatial regions report—CONUS, AK and HI, and ROW—Dbecause this project was designed to answer
high-level screening questions only, not closely resolved questions about either historical climate or projected
future possible climate. Different model outputs were also used because this project was not designed to create
any new hydro-climate outputs. Therefore, this assessment uses consistent simulation sets within each region.

The tool aggregates exposure assessments across the eight hazard areas listed above. For all but Historical
Extreme Conditions, the tool provides information on how these hazards are projected to change over the 21st
Century. Assessments are averaged for three epochs: base (1950-2005), 2050 (2035-2064), and 2085 (2070-
2099). An exception is the historical extreme conditions hazard, which refers to known, significant, and current
hydroclimate threats. In many cases, these threats are infeasible to model (with any certainty) for future scenarios
or, as in the case of drought, with any comparability using only climate model datasets. Consequently, this climate
hazard is a static (constant) indicator of current risk.

The hazards (except historical extremes) are further grouped into “lower” and “higher” scenarios based on the rate
and magnitude of change of the underlying emissions scenarios. Hydroclimate indicators computed for
Representative Concentration Pathway (RCP) 8.5 represent the higher future scenario, and those computed for
RCP 4.5 represent the lower future scenario. For the changing sea level, the highest scenario from the DoD
Regional Sea-Level (DRSL) Database [Hall et al., 2016] represents the higher future scenario, and the lowest
DRSL scenario represents the lower future scenario. The term “epoch-scenario” is used to indicate a particular
combination of epoch and scenario (e.g., 2050 higher epoch-scenario). Climate hazard indicators are described in
more detail in Appendix 1 and summarized in Table 1.

Table 1. Climate hazards and indicators.

CONUS Climate Supporting Indicators
Hazard

Drought Flash droughtfrequency, droughtyear frequency, aridity, consecutive dry days, mean
annual runoff3

Coastal Flooding Coastal flood extent, coastal erosion?

Riverine Flooding Riverine flood extent, flood magnification factor! ®, maximum 1-day precipitation,
maximum 5-day precipitation, extreme precipitation days

Heat Daysabove 95°F, 5-day maximum temperature, high heatdays, frostdays, high Heat
Index days®

Energy Demand Heating degree days, cooling degree days, 5-day minimum temperature, 5-day
maximum temperature

Land Degradation Fire season length, aridity, soil loss* 3, coastal erosion, permafrosthazard

Wildfire Fuelabundance® 2, ignition rate’ ®, fire season length, flash drought frequency

Historical Extreme Tornado frequency® 3, hurricanewind >50 knots®, hurricane maximum precipitation,

Conditions hurricanefrequency, ice storms?, historic drought frequency?, ice jams?, wildland

urban interface®

* Computed differently for Alaska and Hawaii.

2 Computed differently for ROW locations. Preliminary ROW flood extent data used in this report pending completion of ROW floodplain
modeling efforts in Fall 2021.

% Not able to compute for ROW locations due to lack of available consistent data.
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As described in Appendix 1, the best available data were used for CONUS, AK, and HI. In order to enable
comparison of climate exposure across the ROW, it was necessary to use global datasets. Thus, while high quality
European, Japanese, and other datasets exist, the more limited data for Africa, Central Asia, the Middle East, the
Caribbean, and Pacific Islands necessitated the use of a best-available global dataset.

Hydroclimatology outputs in the three geospatial regions delineated for this project (CONUS; AK and HI; ROW)
were derived from slightly different sets of underlying observations and model outputs, though all General
Circulation Models (GCM) outputs were ultimately sourced from the World Meteorological Organization (WMO)
Coupled Model Intercomparison Project Phase 5 (CMIP-5) set of results. In each case, these are the most
complete and consistent model outputs at the finest horizontal grid spacing available when this project began in
2019. For these reasons, comparison of precise vulnerability scores for specific sites across the regions in this
high-level screening assessment is not recommended.

In the DCAT, CONUS climate and stream flow (hydro-climate) indicators are derived from the temperature and
precipitation datasets used in the Fourth National Climate Assessment [United States Global Change Research
Program, 2017]. The AK and HI hydroclimate indicators were produced for USACE in collaboration with the
National Science Foundation’s National Center for Atmospheric Research using established downscaling methods
(see Appendix 4). These indicators are also used in the Army Climate Assessment Tool [Gade et al., 2020]. While
the indicator sets for CONUS and AK-HI are different, the three regions are included together in the DCAT to
allow for priority-setting for U.S.-based installations. The ROW hydro-climate data are derived from the NASA
Earth Exchange Global Daily Downscaled Projections dataset (see Appendix 4).

For each installation, the DCAT also provides screening-level information on riverine and coastal flood extent via
a zoomable map. The riverine maps show the current 1% annual exceedance probability (AEP) flood delineation
(described in Appendix 1), the 1% flood delineation plus 2 ft of freeboard, and the 1% flood delineation plus 3 ft
of freeboard, consistent with a recent Unified Facilities Criteria update [DoD, 2020b]. For coastal flooding, the
1% AEP inundation, the 1% AEP plus the DRSL lowest scenario, and the 1% AEP plus the DRSL highest
scenario are shown, covering the range in the recent Unified Facilities Criteria update [DoD, 2020b]. Finally, for
circumpolar installations, maps of current permafrost extent are also provided.

Indicator quality and availability varies by geographic location. This disparity is due to the inconsistent
availability of historical climate data against which to calibrate and refine global climate models, which extends to
the other kinds of hydroclimate data used in this tool. Consequently, while the complete suite of indicators is
available for CONUS, some indicators for Alaska and Hawaii were input as static indicators (e.g., fuel
abundance), while only a subset of the indicators could be calculated for the ROW locations.

Most of the climate model data outputs used for assessments extend to 2100. However, greenhouse gases already
added to the atmosphere will persist for decades to centuries. Consequently, there is every reason to expect
warming will continue into the next century except under the most optimistic technological and social scenarios.
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DATA AGGREGATION

DCAT uses the Weighted Ordered Weighted Average (WOWA) multicriteria evaluation technique to obtain a
score for each installation’s aggregated climate hazard exposure [e.g., Torra, 1998; Runfolaet al., 2017]. The
WOWA method was selected due to its ability to use many different types of information in the creation of a
single exposure index or score. DCAT uses this score to make meaningful comparisons of relative climate change
exposure between installations, across Departments, and across regions.

WOWA score calculations require two steps that take into account (1) the contribution of individual indicators to
aggregated exposure estimates and (2) the risk preference of the decision maker.

1. After indicator data are normalized, subject matter experts determine “importance weights” that reflect
the relative contribution each indicator makes to estimates of exposure to a given hazard. For example,
although vegetation adjacent to a building contributes to wildfire exposure, actual risk is very low if
weather conditions are wet. Consequently, the “fire season length” indicator is given a larger weight than
the vegetation indicator (“fuel abundance”) (Figure 6).

2. Decision makers capture risk preference using WOWA’s ORness measure. ORness is a second weighting
scheme that captures the comparative importance of indicator risks to the final assessment of exposure,
where ORness is applied to the contribution-weighted indicator values [Blue et al., 2017; Runfola et al.,
2017]*.

Each installation’s hazard WOWA score for each epoch-scenario is the sum of the normalized ORness and
importance-weighted indicator values for that hazard. Figure 6 illustrates a case where three indicators represent a
hazard at a model installation. The first line shows the normalized indicator values being multiplied by their
importance weights. The second row shows the resulting rank order of these values. In the third line, the
indicators are rearranged by their new values, and the appropriate weights for the three indicators with an ORness
of 0.7 condition are applied. The fourth line shows how these final indicator values are summed to produce the
hazard WOWA score for this hazard at the model installation.

The bottom row in Figure 6 gives an example of how information from multiple hazard categories is combined
into the total weighted WOWA score that can be used to compare installation exposure to climate change across
all the hazard categories in the tool. Aswith the hazard WOWA score, the value is a weighted sum. The National
Standard View weights all hazards equally (each weighted 100% in this step). The tool also permits the user to
adjust these weighting schemes to reflect additional factors that may be important for their analysis, such as
accounting for strategic vulnerabilities or damages in the choice of weights for calculating the total weighted
WOWA score.

DCAT also allows the user to evaluate the source of exposure represented by the hazard and total weighted
WOWA scores. The metric for this is termed the “contribution.” For a hazard at an installation, the percent
contribution for each indicator is the importance- and contribution-weighted indicator value (Figure 6, line 4)
divided by the hazard WOWA score (Figure 7a). Two installations with similar hazard WOWA scores may have
different indicator contributions to those scores reflecting the unique conditions at each location.

1 ORness reflects decision maker risk aversion (highest contribution-weighted indicator value drives the decision, ORness = 1) or risk tolerance (all
contribution-weighted indicators are included equally in the decision, ORness = 0.5). The DCAT default value ORness = 0.7 is an intermediate risk
preference, where comparative risk importance scales with the contribution-weighted indicator values.
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Figure 6. Graphical representation of WOWA score calculations. This graphic shows the calculation of the hazard WOWA score fora given
installation for a single hazard category (top). The bottom row shows how the installation’s total weighted WOWA score is calculated assuming

three hazard categories.

Examining indicator contributions is the first step in understanding the sources of exposure for a given hazard and
location. In some cases where the exposure impacts sensitive infrastructure, mission, or operations, this
information can suggest resilience measures that might potentially buy down vulnerability to that hazard.
Similarly, the contribution of each hazard to the total weighted WOWA score can also be assessed (Figure 7b).
This allows users to gain information on the major sources of exposure across installations that may have regional
or Departmental significance.

An installation’s total weighted WOWA score provides an estimate of the degree of exposure of an installation to
the climate hazards identified in the DCAT. However, the numerical value of this score has no objective meaning;
its purpose is to provide a means for ranking an installation’s exposure relative to other installations in the DCAT.

The same is true of hazard WOWA scores: the absolute value has no objective meaning, it is a means for making
comparisons. The example in Figure 8 (top) shows that Installation A in Colorado has a higher overall exposure to
wildfire (88.61) than Installation B in Michigan (80.69) using the default values for importance weights and
ORness. However, one would need to delve into the indicator values to understand the practical significance of
this difference in exposure, which is why indicator values are key to the selection of resilience measures.
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Figure 7. Calculating (a) indicator contribution to a hazard score and (b) hazard contribution to total weighted WOWA score using the hazard
WOWA score values computed in Figure 6.

It is important to note that each indicator value is divided by the maximum value for that indicator among the
installations in the DCAT as part of the data normalization step. Adding more installations to the tool could
potentially affect this maximum indicator value. This would change the resulting normalized indicator value for
each installation, and therefore the value of all the WOWA scores in the tool. However, these changes would not
alter the relative ranking of installations: If Installation A is more exposed than B prior to the addition of data for
Installations C-E, then Installation A will still be more exposed than B after the data update. The data used in this
report reflects version 1.00 of the DCAT dataset.

An installation’s exposure relative to other installations in the tool may be affected by the choice of ORness
scheme, as shown in Figure 8. This figure compares two hypothetical installations with respect to their projected
exposure to the wildfire hazard using a representative set of indicators. The boxes show the calculation of the
WOWA scores for the wildfire hazard using the National Standard View weighting scheme. Notice that after
importance weights are applied, the rank order of indicators is different between installations. ORness weights are
applied to the importance-weighted, normalized indicator values based on the relative magnitude of these values
at the installation level (verses the importance weights, which are the same across all installations).
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Figure 8. Graphicillustrating relative rankings. This graphic shows how risk sensitivity affects the hazard WOWA score value and therefore, the relative exposure among installations. The importance
weight is applied to each indicator (here represented by ignition rate, fuel abundance, and fire weather). These values are then rank ordered. The ORness is applied to the rank-ordered indicators. The
default ORness valueis 0.7. The range of potential values in the tool is 0.5to 1.0., which represent weighting all indicators equally (0.5) vs. only considering the indicator with the largest standardized
value (1.0). Relative exposure across all installations, as determined by either the hazard WOWA score or the total weighted WOWA score, is influenced by the selection of ORness values.

After the ORness weights are applied, the values are summed to give the hazard WOWA score shown in red (Figure 8). The table below the boxes in
Figure 8 compares these hazard WOWA scores with the values that would result if the user’s risk preference were different (risk tolerant, ORness = 0.5, or
risk averse, ORness = 1.0). Because the indicator values for Installation B are all relatively large, the overall exposure under a risk-tolerant scheme is
greater for Installation B than for A. However, two out of three indicator values at Installation A are larger than for Installation B. As the ORness scheme
becomes more risk-averse, the influence of this distribution of values is reflected in the larger Installation A hazard WOWA scores.
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CLIMATE EXPOSURE RESULTS
OVERVIEW

This report presents results for the CONUS, AK, and HI and ROW geospatial regions. The DCAT provides
standardized reports of aggregated climate exposure scores—as represented by WOWA scores—across DoD,
which can be broken down by Department, region, climate hazard, and future scenario. Relative exposure is also
depicted through visualizations for all climate hazards, individual hazards, and dominant hazards across DoD
(again, which can be broken down by Department, by region, and by installation).

Indicator values, their contributions to aggregate WOWA scores, and changes in scores over time provide insight
into future changes in climate hazard exposure. Additional visualizations allow the user to drill down into
individual installation hazards and indicators, including comparisons of a particular installation’s scores to the
overall range of WOWA scores. These drill-downs provide context for additional installation-specific evaluations
of sensitivity to these exposures to help guide climate resilience planning [e.g., Pinson et al., 2020].

Tables 2 and 3 summarize the range of installation hazard WOWA scores broken down by epoch-scenario. The
minimum and maximum scores behave as expected: The largest scores fall under the higher 2085 epoch-scenario,
and the lowest scores fall under the lower 2050 epoch-scenario. These scores highlight expected exposure
increases over time and under more severe greenhouse gas emissions scenarios. The trend persists across the
intermediate epoch-scenarios, with the values increasing between lower and higher scenarios and between the
epochs centered at 2050 and 2085.

Table 2. Summary of aggregate climate exposure index (WOWA) scores computed by DCAT for 1055 CONUS, AK, and HI locations.

Climate Hazard DCAT WOWA Score Range by Future Scenarioand Epoch
Lower 2050 Higher 2050 Lower 2085 Higher 2085
All Hazards 223-488 221-493 222-493 236-519
Coastal Flooding 0-93 0-96 0-94 0-99
Drought 23-92 22-93 22-93 22-94
Energy Demand 39-79 41-77 41-77 43-71
Heat 27-69 28-71 28-71 29-85
Land Degradation 8-66 9-67 9-68 9-67
Riverine Flooding 24-80 25-82 26-83 26-83
Wildfire 5-75 5-73 5-72 1-76
Historical Extreme 9-83 9-83 9-83 9-83

Conditions (static)
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Table 3. Summary of aggregate climate exposure index (WOWA) scores computed by DCAT for 336 ROW locations.

Climate Hazard DCAT WOWA Score Range by Future Scenarioand Epoch
Lower 2050 Higher 2050 Lower 2085 Higher 2085
All Hazards 212-454 212-488 217-467 227-539
Coastal Flooding 0-74 0-75 0-75 0-81
Drought 18-86 14-85 22-86 20-89
Energy Demand 35-72 36-72 36-70 39-77
Heat 33-69 34-71 34-72 38-80
Land Degradation 6-79 3-79 7-83 10-83
Riverine Flooding 25-70 23-76 24-70 21-88
Wildfire 0-74 0-75 0-79 0-81
Historical Extreme 0-100 0-100 0-100 0-100

Conditions (static)

KEY TAKEAWAYS

The results of the DCAT screening-level assessment are described in detail in the technical discussion and the
following sections. The key take-aways from the analysis are:

1. Climate hazard exposure across all installations increases through time for scenarios of both lower and
higher warming.

2. Climate hazard exposure is more pronounced for the later epoch (2085) and the scenarios of higher

warming.

For most hazards, there is close similarity in values between the 2085 lower and 2050 higher conditions.

4. Differences in the degree of exposure to hazards are similar across both scenarios until mid-century, when
they diverge.

5. Hazards more directly tied to temperature change (e.g., heat, drought, wildfire) show larger increases in
exposure under the 2085 higher scenario than other hazards.

6. Slower increases in exposure with time are evident for other hazards (e.g., coastal flooding, energy

demand, land degradation).

Drought is the dominant indicator across all epoch-scenarios for DoD and for the individual Departments.

8. There is no epoch-scenario combination under which installation exposure to climate hazards is projected
to decrease.

w

~
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TECHNICAL DISCUSSION

Figure 9 compares relative exposure across all hazards for CONUS, AK, and HI installations, broken down by
epoch-scenario. In the graphic, color gradients from green to red indicate increasing aggregate climate exposure
index (WOWA) scores, with green representing lower scores, yellow representing intermediate scores, and red
representing higher scores. The general trend indicates higher WOWA scores for the Southeast, Southwest, and
mid-Atlantic Coast. This highlights higher aggregate hazard exposure in these regions. Across ROW (Figure 10),
relative exposure is greatest in the subtropics, which have combined high exposure to heat, drought, and in coastal
settings, sea-level rise.

When WOWA scores are aggregated for all installations and all hazards, a clear pattern emerges. Figure 11 shows
the distribution of WOWA scores over time across all installation (see inset box for guidance on interpreting these
and subsequent graphs) for CONUS, AK, and HI (top), as well as ROW (bottom). The approximately bell-shaped
curves indicate that most installations in each scenario have scores close to the mean, but those in the upper
(lower) tail have higher (lower) WOWA scores, indicating comparatively greater (lesser) exposure. As shown
below, curves shift further to the right for epoch-scenarios further in the future and for the higher scenario. When
a curve is further to the right, it indicates higher WOWA scores are more likely to occur than lower scores: Levels
of exposure are increasing with time, and a greater share of installations in the DoD portfolio in the future are
expected to experience greater exposure to climate hazards than the installation average today.

The aggregated climate hazard exposure scores within each Military Department will differ from the scores
obtained for the Department as a whole. This difference in climate exposure is partially attributable to the
geographic locations, missions, and operations of each Department’s installations.
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Figure 9. Relative exposure to all hazards across CONUS, AK, and HI installations within DCAT for lower emissions scenarios (top) and higher

emissions scenarios (bottom). Lower aggregated climate hazard (WOWA) scores indicate less relative exposure (green), while higher scores indicate
more exposure (red).
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Figure 10. Relative exposure to all hazards across ROW installations within DCAT for lower emissions scenarios (top) and higher
emissions scenarios (bottom). Lower aggregated climate hazard (WOWA) scores indicate less relative exposure (green), while higher
scores indicate more exposure (red).
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Density plots reflect the probability of a certain score
occurring, where higher points on a curve on the y-axis
reflect higher likelihoods of occurrence for the
corresponding values on the x-axis. The example
below shows a density plot of delay in response to
stimulus. For our case (left), the y-axis, density, is the
indicator score probability, and the x-axis is the
WOWA Indicator score. Density plots also allow for
the comparison of multiple scenarios at the same time.
In this case, when a curve is further to the right than
another, it indicates higher WOWA scores are more
likely to occur than lower scores for that scenario.

Figure 11. Distribution of aggregated climate hazard exposure (WOWA) scores across installations for both epochs and both scenarios for all
hazard categories. (top right: CONUS, AK, and HI; bottom right: ROW). When a curve is further to the right, itindicates higher WOWA scores
are more likely to occur than lower scores (i.e., exposureis higher).

At the aggregate level, installation exposure increases over time and under higher scenario conditions. For most
climate hazards, the expected late century lower scenario is very similar to the mid-century higher scenario. This
indicates that differences between scenarios have little impact until mid-century when they diverge. In addition,
the rate of warming represented by the two scenarios strongly determines whether exposure stabilizes close to
these new mid-century levels or whether exposure rates increase rapidly in the latter half of the century and
beyond.

Under the 2085 higher epoch-scenario, almost all installations have an exposure level to climate hazards greater
than most of the installations experience today. There is no epoch-scenario under which installation exposure is
expected to decrease. Drought is the dominant indicator across epoch-scenarios (Figure 12 and Figure 13) in both
domains.

Figure 14 compares the relationship between WOWA scores and epoch-scenarios but broken out for four
individual hazards and aggregated for all CONUS, AK, and HI installations. Similar to Figure 11, a general trend
emerges for the aggregate individual hazards: The curves shift to the right. This demonstrates that mean exposure
increases with time, and that exposure is more pronounced for later epochs and the higher scenario. Heat and
riverine flooding are both good examples of this kind of change.
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For most hazard categories in Figure 14, there are smaller shifts between epochs for the lower scenario (e.g.,
coastal flooding, energy demand). Riverine flooding exhibits a distributional change between 2050 and 2085 at
the lower scenario, but otherwise, the distribution of WOWA scores for the 2050 and 2085 lower scenarios are
similar. This demonstrates that, under the higher scenario, increases in exposure risk are more pronounced over
time than they are under the lower scenario.

Of note, some changes are more dramatic between scenarios for select hazard categories. For coastal flooding,
energy demand, and land degradation hazards, exposure increases systematically over time. Yet, for drought, heat,
and (to a lesser extent) wildfire hazards, larger shifts in temperature under the 2085 higher scenario produce a step
change in exposure. This is highlighted by 2085 higher emission scenario’s significant shift to the right (red/
orange).

The ROW data (Figure 15) behave less uniformly than the CONUS, AK, and HI data. The source of this problem
lies in the different spread of points across the respective domains. Across CONUS, AK, and HI, there are many
points with a relatively even distribution across most U.S. regions capturing a diversity of current and future
climates. In ROW, most sites are concentrated in the cold, marine climates of Europe, the humid climates of East
Asia, or the hot subtropics (Mediterranean and Middle East). Consequently, ROW graphs often exhibit multiple
peaks whereas the CONUS, AK, and HI domain is more likely to have a single smooth curve that dominates the
graph. For some ROW indicators, the response with time and scenario appears non-uniform because one or
another of these regions is responding differently from the rest. Energy demand is one of these kinds of graphs
where the sensitivity to indicators such as increases in days above 95 varies by region: Some regions of the world
see few such days in the future (Northern Europe), some see many (Mediterranean), and there may be relatively
small increases in places that already see many, many such days (e.g., Bahrain).

Conversely, one indicator that sees very little change with time in the ROW installations is land degradation. The
reason for this is that the majority of ROW installations in the DCAT are located in urban or other built
environments where infrastructure inhibits degradation (e.g., hardened coastlines, paved roads). This is in contrast
to CONUS, AK, and HI, where many installations have large areas of undeveloped land for test ranges, maneuver
areas and other activities where there is little infrastructure to control land degradation (dirt roads, open fields,
natural coastlines).
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Figure 12. The dominanthazard category identified in DCAT for CONUS, AK, and HI is drought.
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Figure 13. Thedominanthazard category identified in DCAT for ROW is drought.
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Figure 14. Distribution of climate exposure (WOWA) scores across installations for each epoch and scenario for each hazard category for CONUS,
AK, and HI. Installation exposure increases over time and with higher scenarios, though some increases are more pronounced than others.
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Figure 15. Distribution of climate exposure (WOWA) scores across installations for each epoch and scenario for each hazard category for ROW.
The ROW data behave less uniformly than the CONUS, AK, and HI data because most sites are concentrated in the cold, marine climates of
Europe, the humid climates of East Asia, or the hot subtropics (Mediterranean and Middle East). Consequently, ROW graphs often exhibit
multiple peaks. For some ROW indicators, the response with time and scenario appears non-uniform because one or another of these regions is
responding differently from the rest. Installation exposure increases over time and with higher scenarios, though some increases are more
pronounced than others.
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DEPARTMENT OF THE ARMY OVERVIEW

The DCAT results for the Department of the Army generally show a similar pattern to the relative exposure of
DoD installations as a whole (Figures 16): Army installations experience an increase in exposure to all climate
hazards over time. While the approximate mean values through time are similar, a key difference is that the
variance is greater for Army installations, exposure of the sites with greater than average exposure is larger, and
generally spans a greater range of exposure than is seen for Air Force installations. Drought is the dominant
climate exposure hazard impact category as in Figures 12 and 13, but with more variables hazards in East Asia
and the Eastern U.S. where coastal and riverine flooding are also dominant hazards.

KEY TAKEAWAYS:

B Relatively higher exposure to climate hazards in the U.S. Southeast and Southwest and subtropics in
ROW.

B Higher relative exposure to drought, heat, historical extreme conditions, wildfire, land degradation in
the Southwest.

B Higher relative climate exposure to coastal and riverine flooding in the U.S. East and East Asia.

B The dominant climate hazard for all Army installations is drought.

TECHNICAL DISCUSSION

Figures 16—18 depict the distribution of aggregated climate hazard exposure and the hazard categories across the
selected Army installations. These appear quite similar to the results aggregated across the DoD. The high climate
hazard exposure scores (right tail) shown in Figure 11 are less evident in the Army installation scores for all
epoch-scenario combinations (Figure 16). Consistent with the DoD portfolio as a whole, drought again is the
dominant climate exposure hazard category for Army (Figures 21-22). Army installation exposure to drought
increases stepwise such that almost all installations are experiencing significantly greater exposure to drought
under the 2085 higher scenario than they currently experience, and that they are projected to experience under
intermediate scenarios. A similar pattern is evident in Army’s exposure to riverine flooding.

Coastal flooding exposure is generally less for Army installations than for other Departments (Figures 17 and 18),
largely due to geographic locations tied to missions and operations. Almost none of the Army ROW installations
are on the coast, so Army’s exposure to coastal flooding in ROW is almost zero in all time periods. On the other
hand, the riverine flooding under the higher scenario at late century is more widely distributed for Army
installations (Figures 17 and 18). The hazard categories of drought and heat exhibit greater exposure to Army
installations for the late century higher scenario than for the aggregated results. Army already has a high exposure
to wildfire that increases over time and with the higher scenario.
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The maps in Figure 19 compare relative exposure across all hazards for Army installations in CONUS, AK, and
HI, broken down by epoch and scenario. Figure 20 shows the same maps for Army ROW sites. In the graphics,
color gradients from green to red indicate increasing aggregate climate exposure index (WOWA) scores, with
green representing lower scores, yellow representing intermediate scores, and red representing higher scores. The
general trend indicates relatively higher exposure to climate hazards in the U.S. Southeast and Southwest and in
the subtropics in the ROW. This highlights higher aggregate hazard exposure in these regions and correlates with
areas of higher relative drought, heat, historical extreme conditions, wildfire, land degradation (Southwest), and
riverine flooding (East). As with DoD as a whole, the dominant hazard for Army CONUS, AK, HI, and Northern
European ROW installations is drought (Figure 18). In East Asia, although drought is important, indicators related
to extreme riverine and coastal flooding are also dominant concerns across the region. These findings are
consistent other analyses of climate change for Japan, which highlight the threat from sea-level rise, extreme
precipitation events, and the increasing frequency of dry days resulting in drought (MOE, 2018).

Figure 16. Distribution of aggregated climate hazard exposure (WOWA) scores across Army installations for both epochs and both scenarios for all
hazard categories (top: CONUS, AK, and HI, bottom: ROW).
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Figure 17. Distribution of climate exposure WOWA scores across Army CONUS, AK, and HI installations for each epoch and scenario. Installation
exposure increases over time and with higher scenarios, though someincreases are more pronounced than others (drought, heat).
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Figure 18. Distribution of climate exposure WOWA scores across Army ROW installations for each epoch and scenario. Note that the historical
extreme conditions hazard is static. The ROW data behave less uniformly than the CONUS, AK, and HI data because most sites are concentrated
in the cold, marine climates of Europe, the humid climates of East Asia, or the hotsubtropics (Mediterranean and Middle East). Consequently,
ROW graphs often exhibit multiple peaks. For some ROW indicators, the response with time and scenario appears non-uniform because one or
another of these regions is responding differently from the rest. Installation exposureto other hazards increases over time and with higher
scenarios, though some increases are more pronounced than others.
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Figure 19. Relative exposure to all hazards across Army CONUS, AK, and HI installations within DCAT for lower emissions scenarios (top) and
higher emissions scenarios (bottom). Lower aggregated climate hazard (WOWA) scores indicate less relative exposure (green), while higher scores
indicate more exposure (red).
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Figure 20. Relative exposure to all hazards across Army ROW installations within DCAT for lower emissions scenarios (top) and

higher emissions scenarios (bottom). Lower aggregated climate hazard (WOWA) scores indicate less relative exposure (green), while
higher scores indicate more exposure (red).
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Figure 21. Thedominant hazard impact category identified in DCAT for Army installations in CONUS, AK, and HI is drought.
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Figure 22. Thedominant hazard impact category identified in DCAT for Army installations in CONUS, AK, and HI is drought.
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DEPARTMENT OF THE NAVY OVERVIEW

The DCAT results for the Department of the Navy generally show a similar pattern to the relative exposure of
DoD installations as a whole (Figure 11), with a much broader exposure profile for both CONUS, AK, and HI as
well as ROW installations. Drought is the dominant climate exposure hazard impact category as in Figures 12 and
13, but with more variables hazards in East Asia and the Eastern U.S. where coastal and riverine flooding are also
dominant hazards. Figures 23-29 depict the distribution of aggregated climate hazard exposure and the hazard
categories across the selected Navy installations.

KEY TAKEAWAYS:

B The distribution of the aggregate climate hazard exposure scores for the Navy is very different than for
either the Air Force or Army, or DoD as a whole, indicating a greater range of climate exposure.

B Drought, heat, and coastal flooding are the largest contributors to the difference in the distribution of
climate exposure scores for the Navy compared to the DoD as a whole.

B Climate exposure is highest for the Atlantic and Gulf Coasts, the Middle East, and islands in all
subtropical waters.

B Exposure to coastal and riverine flooding climate hazards is high for the Navy.

B The dominant hazard for Navy installations is drought.

TECHNICAL DISCUSSION

The distribution of the aggregate climate hazard exposure scores for the Navy is very different than for either the
Air Force or Army: The broader, flatter curves in Figure 23 exhibit larger variance compared to Figures 11, 16,
and 30, indicating a greater diversity of exposure levels, with higher frequencies at the extremes (highly exposed
and hardly exposed) compared to the other Departments. This partly reflects the greater exposure of the Navy’s
predominantly coastal installations to coastal flooding, but also high exposure to the other hazards, especially
riverine flooding.

Exposure to coastal and riverine flooding exposure is generally higher for Navy installations than for other
Departments (Figures 24 and 25), largely due to geographic location tied to missions and operations. Land
degradation is also more widely distributed, probably because of coastal erosion issues. This pattern is very
different from the Army ROW pattern of virtually no land degradation exposure, reflecting concentration of these
installations in built environments.

Figure 26 compares relative exposure across all hazards for CONUS and HI Navy installations broken down by
epoch-scenario. In the graphic, color gradients from green to red indicate increasing aggregate climate exposure
index (WOWA) scores, with green representing lower scores, yellow representing intermediate scores, and red
representing higher scores. The general trend indicates higher WOWA scores for the Atlantic and Gulf Coasts
with additional western inland sites plus Hawaii. This highlights higher aggregate hazard exposure in these
regions and correlates with areas of higher relative sea-level rise for the Atlantic and Gulf Coasts.

For ROW Navy installations, climate exposure is greatest in island locations (Caribbean, Pacific), where coastal
flooding and erosion are likely to be important drivers. In Japan, historical extremes (hurricanes, precipitation),

drought and changing precipitation all contribute to relatively high exposure for locations in the East China Sea
and Western Pacific.
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As with DoD as a whole, exposure to drought is the dominant climate hazard for Navy installations (Figures 28
and 29), though riverine or coastal flooding in the Southeast region can be a significant driver of exposure.
Drought, heat, and coastal flooding are the largest contributors to the difference in the distribution of WOWA
scores for Navy compared to the Departments as a whole.

Figure 23. Distribution of aggregated climate hazard exposure (WOWA) scores across Navy CONUS, HI (top), and ROW (bottom) installations for
both epochs and both scenarios for all hazard categories.
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Figure 24. Distribution of climate exposure WOWA scores across Navy CONUS and HI installations for each epoch and scenario. Installation
exposure increases over time and with higher scenarios, though someincreases are more pronounced than others (coastal flooding). Note that the
historical extreme conditions hazard is static.
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Figure 25. Distribution of climate exposure WOWA scores across Navy ROW installations for each epoch and scenario. The ROW data behave less
uniformly than the CONUS, AK, and HI data because most sites are concentrated in the cold, marine climates of Europe, the humid climates of
East Asia, or the hot subtropics (Mediterranean and Middle East). Consequently, ROW graphs often exhibit multiple peaks. For some ROW
indicators, the response with time and scenario appears non-uniform because one or another of these regions is responding differently from the

rest. Installation exposure increases over time and with higher scenarios, though some increases are more pronounced than others (coastal
flooding). Note that the historical extreme conditions hazard is static.
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Figure 26. Relative exposure to all hazards across Navy CONUS and HI installations within DCAT for lower emissions scenarios (top) and higher
emissions scenarios (bottom). Lower aggregated climate hazard (WOWA) scores indicate less relative exposure (green), while higher scores indicate
more exposure (red).
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Figure 27. Relative exposure to all hazards across Navy ROW installations within DCAT for lower emissions scenarios (top) and higher emissions
scenarios (bottom). Lower aggregated climate hazard (WOWA) scores indicate less relative exposure (green), while higher scores indicate more
exposure (red).
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Figure 28. Thedominant hazard impact category identified in DCAT for Navy installations in CONUS and HI is drought.
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Figure 29. Thedominant hazard impact category identified in DCAT for Navy ROW installations is drought.
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DEPARTMENT OF THE AIR FORCE OVERVIEW

As with the DoD as a whole, and the Army, exposure to drought is the dominant climate hazard for the
Department of the Air Force installations. The Air Force CONUS, AK, and HI installations in the DCAT are
abundant in the High Plains, the Southwest, and extreme Southeast, all areas where either long-term aridity or
recurring short-term drought are anticipated to increase. These two different sources of drought exposure may
require different kinds of adaptation to reduce vulnerability where sensitivity is noted. The exposure to drought
also contributes to a step-wise increase in wildfire exposure across all epoch-scenarios for Air Force installations,
though less pronounced than for other Departments. Like Navy, ROW Air Force sites in the DCAT have
increasing exposure to coastal flooding over time. However, like the Army, many of its ROW installations occur
in northern Europe and East Asia, where reductions in heating needs drive down energy demand through time. Air
Force exposure is summarized in Figures 30-37.

KEY TAKEAWAYS:

B Air Force CONUS, AK, and HI installation exposure to drought, heat, and land degradation climate
hazards are greater for the late century compared to DoD as a whole.

B ROW installations are highly exposed to coastal flooding, riverine flooding, drought, and wildfire.

B Climate exposure is highest for the Southeast, Southwest, and mid-Atlantic Coast in CONUS, AK, HI,
and in the Caribbean and South China Sea in the ROW.

B The dominant climate hazard for Air Force installations in CONUS and AK is drought.

TECHNICAL DISCUSSION

Figures 30-32 depict the distribution of aggregated climate hazard exposure and the hazard categories across the

selected Air Force installations. These appear quite similar to the results aggregated across the DoD, reflecting the
geographic spread of Air Force installations. The high-end WOWA scores (right tail) shown in Figure 11 are also
evident in the Air Force installation scores for all epoch-scenario combinations. Air Force installation exposure to
drought, heat, and land degradation are greater for the late century higher scenario than for the aggregated results.

Figure 33 compares relative exposure across all hazards for CONUS and AK Air Force installations, broken down
by epoch-scenario. In the graphic, color gradients from green to red indicate increasing aggregate climate
exposure index (WOWA) scores, with green representing lower scores, yellow representing intermediate scores,
and red representing higher scores. The general trend indicates higher WOWA scores for the Southeast,
Southwest, and mid-Atlantic Coast. This highlights higher aggregate hazard exposure in these regions. As with
DoD as a whole, exposure to drought is the dominant climate hazard for Air Force installations (Figure 33).
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Figure 30. Distribution of aggregated climate hazard exposure (WOWA) scores across Air Force CONUS, AK, HI (top), and ROW
(bottom)installations for both epochs and both scenarios for all hazard categories.
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Figure 31. Distribution of climate exposure WOWA scores across Air Force CONUS, AK, and HI installations for each epoch and scenario. Note
that the historical extreme conditions hazard is static. Installation exposure increases over time and with higher scenarios, though some increases
are more pronounced than others (drought, heat).
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Figure 32. Distribution of climate exposure (WOWA) scores across Air Force ROW installations for each epoch and scenario. Note thatthe
historical extreme conditions hazard is static. The ROW data behave less uniformly than the CONUS, AK, and HI data because most sites are
concentrated in the cold, marine climates of Europe, the humid climates of East Asia, or the hotsubtropics (Mediterranean and Middle East).
Consequently, ROW graphs often exhibit multiple peaks. For some ROW indicators, the responsewith time and scenario appears non-uniform
because one or another of these regions is responding differently from the rest. Installation exposure to other hazards increases over time and with
higher scenarios, though someincreases are more pronounced than others (land degradation).
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Figure 33. Relative exposure to all hazards across Air Force CONUS, AK, and HI installations within DCAT for lower emissions scenarios (top)
and higher emissions scenarios (bottom). Lower aggregated climate hazard (WOWA) scores indicate less relative exposure (green), while higher
scores indicate more exposure (red).
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Figure 34. Relative exposure to all hazards across ROW Air Force installations within DCAT for lower emissions scenarios (top) and higher
emissions scenarios (bottom). Lower aggregated climate hazard (WOWA) scores indicate less relative exposure (green), while higher scores
indicate more exposure (red).

Page 47



DOD INSTALLATION EXPOSURE TO CLIMATE CHANGE AT HOME AND ABROAD

Figure 35. Thedominanthazard category identified in DCAT for Air Force CONUS, AK, and Hl installations is drought.
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Figure 36. Thedominanthazard category identified in DCAT for Air Force ROW installations is drought.
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DEEPER DIVE: RISING TEMPERATURES

The higher and lower future scenarios differ due to different underlying assumptions about the rate at which
global temperatures are projected to rise. Temperature increases typically increase the magnitude and frequency
of extreme events. For example, heat waves, droughts, and deluges all increase with higher temperatures at the
expense of more moderate weather conditions. Warmer circumpolar temperatures result in increased ocean
temperatures, which accelerates ice sheet melt and contributes to sea-level rise. Generally, greater increases in
temperature result in more significant consequences, although the response of the climate system may be non-
linear (e.g., accelerating).

KEY TAKEAWAYS:

B Rising temperatures will increase the exposure of all Departments to a wide range of hazards that can
directly impact military readiness.

B Rising temperatures are also projected to increase both drought and precipitation quantity and/or
intensity.

TECHNICAL DISCUSSION

For DoD installations across CONUS, AK, HI, and ROW, rising temperatures will increase exposure to a wide
range of hazards (especially heat-related hazards) that can directly impact military readiness. Climate change is
anticipated to increase heat-related health problems, with even small climate changes resulting in increases in
illness and death.

Increases in temperature are anticipated to have significant effects on military training and testing, including (1)
an increase in the number of “black flag” (suspended outdoor activities) or fire hazard days (limiting live-fire
activities), (2) increases in the need for operational health surveillance, (3) higher rates of heat-related mortality
and morbidity, and (4) reassessment of weapons system operation and deployment procedures (including changes
to soldier readiness due to changes in the availability or timing of days when conditions are suitable).

Higher temperatures may also affect pilot readiness by limiting cockpit time while on the ground and by affecting
aircraft lift on takeoff and landing. In addition, higher temperatures significantly increase the opportunity for
vector-borne diseases: Higher winter temperatures reduce vector mortality rates in the winter, while higher spring-
fall temperatures extend the length of the breeding season, increasing disease reproductive cycles.

Figure 37 shows changes in 5-day maximum temperature across all installations, a measure of heat wave severity.
Compared to the base period, most sites will experience heat wave temperatures 10°F to 15°F greater in the future
than they experience in the base epoch. These temperature increases have many subsequent effects, including
increased heat stress for individuals working and recreating outdoors.

Similarly, the number of days in which the National Weather Service (NWS) Heat Index? values are projected to
equal or exceed 90°F rapidly increase across the DoD portfolio (Figure 38): By 2050 under both scenarios, most
installations are projected to experience significant increases in the number of days with restrictions on outdoor
activities).

2 https://www.weather.gov/safety/heat-index. Heat Index is used in the DCAT because it is not currently possible to accurately calculate some of the inputs
to the Wet Bulb Globe Temperature Index using climate model data.
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Figure 37. Distribution of 5-day maximum temperature values across CONUS, AK, HI (left), and ROW (right) installations. As in other cases, the
values for 2050 higher scenario and 2085 lower scenario are very similar.

Figure 38. Distribution of days with NWS Heat Index values > 90°F (extreme caution or higher) for a portion of the day across CONUS, AK, and

HI installations. Similar to 5-day maximum temperature, the results for 2050 higher scenario and 2085 lower scenario are very similar. High Heat
Index days were not calculated for ROW installations due to lack of an authoritative global humidity dataset.
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Rising temperatures are also projected to increase precipitation quantity and/or intensity. Across the DoD
portfolio, this is demonstrated by changes in precipitation-related hazards, such as maximum 1-day precipitation
(Figure 31). Gradually, each epoch-scenario curve shifts to the right, demonstrating that the average maximum 1-
day precipitation is likely to increase from under 2 inches to over 2 inches. In addition, as the curves shift to the
right, the likelihood of occurrence for more extreme events increases as well. This means that a larger share of
installations is more likely to experience 1-day precipitation totals greater than 2.5 and 3 inches. Even small
changes in maximum 1-day precipitation can have significant repercussions for the total volume falling across a
watershed, potentially leading to large increases to riverine and urban flood risk.

While DoD-wide exposure changes are important to highlight, the DCAT enhances visibility into geospatial
exposure variation. For example, in more arid regions, rising temperatures are projected to increase drought risks
(e.g., Figure 8), result in more frequent heat waves, and drive increases to fire danger. This occurs because a
warmer atmosphere can hold more moisture before reaching saturation.

A warmer atmosphere acts like a bigger sponge, drawing more moisture from the soil and plants at a higher rate
via evapotranspiration while at the same time being able to hold more water before reaching saturation and
starting to rain. In arid regions, the net result is that as temperatures warm it becomes increasingly rare for there to
be enough moisture in the atmosphere to produce rain: Rain events become much rarer, but when rain comes it is
very intense. Aridity and multi-year droughts increase along with wildfire risk. Surface water supplies decline.
Vegetation cover becomes sparser and the land surface more easily degraded through human activity and during
rain events. The U.S. Southwest, for example, is already thought to be in the middle of its first multi-decade
temperature-driven drought [Williams et al., 2020].

Figure 39. Distribution of maximum 1-day precipitation across CONUS, AK, HI (left), and ROW (right) installations. Similar to 5-day maximum
temperature, the results for 2050 higher scenario and 2085 lower scenario are very similar. The ROW data behave less uniformly than the CONUS,
AK, and HI data because most sites are concentrated in the cold, marine climates of Europe, the humid climates of East Asia, or the hot subtropics
(Mediterranean and Middle East). Consequently, ROW graphs often exhibit multiple peaks.
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Since 2010, there has been an increased emphasis on “flash droughts.” Otkin et al. [2018] define flash droughts as
droughts that occur with rapid intensification. As an example, they describe the 2012 flash drought, where large
areas with near-normal conditions evolved into extreme drought conditions [Swoboda et al., 2002] over a 2-month
period. For the DoD, flash droughts pose significant risks and challenges, where acute impacts to water supply
and reductions in soil moisture can directly impact DoD installations.

As shown in Figure 32, flash drought frequency increases over time and under higher scenario conditions.
Specifically, the flatter curves highlight an increasing range of flash drought risk across the DoD. Though some
installations may experience flash droughts at similar rates to rates in the base epoch-scenario, projections indicate
that many installations will experience a higher risk of flash draught frequency under all scenarios in the future
epochs (with these risks most pronounced for the higher 2085 epoch-scenario).

In more humid regions, there is usually enough soil moisture so that a warmer atmosphere will still be able to
reach saturation. In these regions, there is likely to be more energetic storm systems that drop more rain and occur
more frequently, contributing to more frequentand larger riverine flood events. In addition, relative humidity will
continue to be high, resulting in large increases in high NWS Heat Index days (Figure 30) that pose significant
morbidity and mortality risks for troops engaged in outdoor activities. The U.S. Southeast is anticipated to be
particularly hard-hit by temperature-driven increases in rainfall and humidity [Carter et al., 2018]. The trend to
increasing rainfall in this region is evident in DCAT as well (Figure 41 and 42).

Other impacts of rising temperatures that will uniquely impact Polar Regions were noted by the General
Accountability Office (GAO) [GAO, 2014]. These include temperature-related reductions in sea ice and thawing
permafrost. These changes will accelerate coastal erosion, reduce accessibility to training ranges as the permafrost
thaws, and increase freezing rain events, which may otherwise have fallen as snow.

Figure 40. Changing frequency of flash droughts across the DCAT CONUS, AK, HI (left), and ROW (right) installations calculated as the average
number of times per year in which rapid-onset droughtoccurs, characterized by asharp drop in precipitation over a 3-month period. It is
represented using the 1-month Standardized Precipitation Evaporation Index (SPEI). The ROW data behave less uniformly than the CONUS, AK,
and HI data because most sites are concentrated in the cold, marine climates of Europe, the humid climates of East Asia, or the hot subtropics
(Mediterranean and Middle East). Consequently, ROW graphs often exhibit multiple peaks.
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Figure 41. Geospatial depiction of the maximum 1-day precipitation across CONUS, AK, and HI installations as shown in the DCAT.
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Figure 42. Geospatial depiction of the maximum 1-day precipitation across ROW installations as shown in the DCAT.
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DEEPER DIVE: ENERGY DEMAND

Among the requirements of EO 14008, Sec. 211, is the requirement for agencies to include in their draft action
plan an assessment of their climate vulnerabilities with respect to installation, building and facility energy
efficiency, and to describe steps the agency can take to bolster adaptation and increase resilience in this area.

DoD is already required, under 10 U.S. Code (U.S.C.) § 2911: Energy Policy of the Department of Defense, to
develop a comprehensive master plan for the achievement of the energy performance goals of the Department of
Defense that considers, among other provisions, opportunities to enhance energy resilience to ensure the
Department of Defense has the ability to prepare for and recover from energy disruptions that affect mission
assurance on military installations.

Energy resilience is defined by 10 U.S.C. 8 101(e)(6) as the ability to avoid, prepare for, minimize, adapt to, and
recover from anticipated and unanticipated energy disruptions in order to ensure energy availability and reliability
sufficient to provide for mission assurance and readiness, including mission-essential operations related to
readiness, and to execute or rapidly reestablish mission-essential requirements.

It is well-established that climate change will increase the frequency and magnitude of daily maximum
temperature extremes (high heat days and heat waves), and decrease cold extremes [Sillman et al., 2013]. Itis
likely that the frequency of heavy precipitation or the proportion of total rainfall from heavy falls will increase in
the 21st Century over many areas of the globe [IPCC, 2012]. Increases in the frequency of extremes, including
heatwaves and droughts, have already been observed in many regions of the world [IPCC, 2019].

As events in Texas in 2021 have shown, extreme events can have significant impacts on local and regional energy
supplies by altering peak and cumulative energy demand, and by disrupting power generation and transmission.
Climate change can also affect water availability for power generation (hydropower, thermoelectric cooling).

The DCAT assesses exposure to installation energy demand changes using two indicators for peak load (5-day
maximum temperature and 5-day minimum temperatures) and two indicators for cumulative energy demand
(cooling degree days and heating degree days). The patterns are quite similar across both the CONUS, AK, and
HI, and ROW installations (Figures 43 and 44): 5-day maximum temperature, 5-day minimum temperature and
cooling degree days increase over time while heating degree days decline. These changes reflect the shift to
warmer average and extreme temperatures in all seasons. The changes in the warm extremes are greater than the
reductions in the cold extremes.

Geographically, changes in climate factors that affect energy demand at CONUS, AK, and HI installations will be
greatest in Alaska and the Northern Plains driven by rapidly warming temperatures in all seasons (all four
indicators). In an absolute sense, the highest exposure will be felt in the Southeast and Southwest, where
temperatures will be the highest both on average and the extremes.

Among ROW installations, the greatest exposure to changes in energy demand is felt in the dry subtropics (e.g.,
the Middle East) where 5-day maximum temperatures are likely to exceed 110°F, and days over 95°F are
projected to occur more than half the days of the year by 2085. But the greatest impact of changing energy
demand may occur in Northern Europe and similar climates where air conditioning and other heat adaptations are
uncommon: Recent heatwaves in Europe and Russian claimed tens of thousands of lives in 2003 and 2010
[Robline et al., 2008; Barriopedro et al., 2011]. The large increase in 5-day minimum temperature occurs at Thule
Air Base in Greenland, where 5-day minimum temperature average above freezing in the 2085 higher scenario.
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Figure 43. Changes in indicators of energy demand for CONUS, AK, and HI (top), and ROW (bottom) installations. The ROW data
behave less uniformly than the CONUS, AK, and HI data for some indicators because most sites are concentrated in the cold, marine
climates of Europe, the humid climates of East Asia, or the hot subtropics (Mediterranean and Middle East). Consequently, ROW
graphs often exhibit multiple peaks.
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Figure 44. Changing exposure to climate factors that drive energy demand for CONUS, AK, and HI installations.
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Figure 45. Changing exposure to climate factors that drive energy demand for ROW installations.
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In addition to affecting the demand for energy, climate change may also interrupt energy supplies to installations
by reducing generation and transmission efficiency, decreased water available for thermo-electric generation and
cooling, and damaging infrastructure (Figure 46).

Technology A air A water A precip. A wind A sea Flood Heat Storms
temp. temp. speeds level waves
Nuclear 1 2 - - - 3 1 -
Hydropower - - 2 - - 3 - 1
Wind - - - 1 - - - 1
(onshore)
Wind - - - 1 3 - - 1
(offshore)
Biomass 1 2 - - - 3 1 -
Photovoltaic - - - - - - 1 1
Concentrated - - - - - 1 - 1
Solar Power
Geothermal - - - - - 1 - -
Natural gas 1 2 - - - 3 1 -
Coal 1 2 - - - 3 1 -
Qil 1 2 - - - 3 1 -
Grids 3 - - - - 1 1 3
Key: 3= Severe impact, 2 = Medium impact, 1= Small impact, - = No significant impact

Figure 46. Qualitative assessment of the potential exposure of energy technologies to climate changes [European Commission, 2011].

Although climate models are not able to resolve individual storm events, individual storms can cause extensive
damage to generation facilities and transmission lines. Hurricane winds and damaging ice storms are two of the
major causes of power outages. Authoritative data for historical events is available for CONUS, AK, and HI.
Figure 47 shows locations in CONUS where damaging ice storms have occurred (top, where freezing rain fell and
damaged above-ground communications and energy infrastructure) and the annual frequency of damaging
hurricane force winds greater than 50 knots (bottom). The Eastern U.S., and particular the coastal Southeast, has
high exposure to damages from both sources.
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Figure 47. Historical ice storm occurrence (top: blueis a known occurrence; beige indicates no known occurrence) and the frequency
with which installations experience hurricane force winds in excess of 50 knots (bottom: value is annual probability) for CONUS
watersheds.
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COMPARISON TO PREVIOUS ASSESSMENTS

Over the last few years, many studies have attempted to identify both current and future exposure and/or risk of
extreme weather events for DoD installations. Of note, there is no consistent predefined list of risk indicators or a
predefined method to estimate future risk. As a result, each study may use a unique set of risk indicators and
unigue methods for estimating current or future risk indicators. In general, these studies tend to be most consistent
when the indicators are strongly tied to observed or modeled future temperature and precipitation data.

Perhaps the closest comparison for DCAT is the 2019 DoD Report on Effects of a Changing Climate to the
Department of Defense [DoD, 2019], which provided information on relative exposure to selected Army, Air
Force, and Navy installations in the present data and in the near future (2035) across a range of hazards (flooding,
drought, desertification, wildfires, and thawing). Of the hazards used in this report, three have a strong overlap
with hazard categories used by the DCAT. Here, the 2035 estimate from the 2019 DoD report is compared to the
DCAT 2050 higher epoch-scenario data for Army and Navy installations.

1. Army: Fifteen installations are in both the DoD report and the DCAT. Across these installations, there is
strong agreement between installations identified as exposed to recurrent flooding in the DoD report and
those identified in the DCAT for having higher than average exposure to riverine flooding in the DCAT.

Specifically, installations in the DoD report that have both current and future flood exposure have
comparatively higher riverine flooding WOWA scores in the DCAT. Furthermore, there is strong
agreement for drought risk: both the DoD report and the DCAT highlight the same top four installations.
Similarly, the three sites identified with near-term wildfire risk in the DoD report are among the top five
sites for wildfire risk in the DCAT. With respect to overall exposure, despite relying on very different
metrics, there is agreement on three of the top five installations with greatest future exposure.

2. Navy: Eleven installations are in both the DoD report and the DCAT. For all these sites, DoD report
indicates current and future flood and drought risk. Similarly, in the DCAT, these sites have higher than
average exposure scores for both hazard categories. Of note, the DoD report and the DCAT do not share
similar results for installation wildfire risk. As awhole, although the studies have varying results for
overall climate exposure across these sites, both identified the same top two Navy installations as those
with the greatest exposure.
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DCAT findings were also compared to the findings of two Army-specific studies.

1. Miller et al. [2015]: In their work, the authors identify 10 Army installations as having extreme water
consumption stress in 2050. Of these 10 installations, four were analyzed by DCAT. In the DCAT, three
of the four installations have top 5 Army-specific WOWA scores for drought exposure in the 2050 higher
epoch-scenario, while also carrying top 20 WOWA scores when compared to the entire DoD installation

portfolio.

2. Lozar etal. [2011]: In their work the authors identify Army installations at greatest risk from temperature
increase by the late 21st Century. A total of 11 installations in this report overlap with Army installations
in the DCAT. Of the 11, 10 have higher than average risk to heat exposure. Lozar et al. also identify
installations at the greatest risk of precipitation decrease. All five of the identified installations that are in
the DCAT have higher than average WOWA scores for exposure to drought. Though there is no
correlation between the identified sites in the author’s high and very high erosion risk categories and
those with higher than average WOWA scores for land degradation, this may not be surprising given the
very different underlying measurements.

Though other evaluations were considered, they proved to be more difficult to compare. In 2018, the DoD
reported on climate-related risk to DoD infrastructure in its initial Vulnerability Assessment Survey (SLVAS)
Report [DoD, 2018]. The survey captured the effects of past events, such as flooding from storm surge, flooding
from other sources (e.g., rainfall, snowmelt, ice jams, riverine flooding), extreme temperatures, wind, drought,
and wildfire to the asset categories shown in Table 3. To fully compare this analysis to that of DCAT, a more
detailed analysis at the installation level would be required to measure agreement for installations affected by
single or multiple hazards.

Page 63



DOD INSTALLATION EXPOSURE TO CLIMATE CHANGE AT HOME AND ABROAD

Table4. Asset categories of facilities, infrastructure, operations, and associated services as used in assessments of sensitivity [DoD, 2018].

Asset Category
Airfield Operations

Training Areas/Ranges/
Facilities

Piers/Waterfront Services

Information Systems

C4ISR

Energy Infrastructure

Fuel Infrastructure

Logistics Supply

Transportation I nfrastructure
& Routes

Emergency Services

Water/Wastewater Systems

HVAC Systems

Environmental Restoration
Sites

Natural Resources

Historic/Cultural Resources

Housing
Headquarters (HQ)
Buildings
Personnel Support

Definition
An area prepared fortheaccommodation (includingany buildings, installations,
and equipment), landing, and takeoff of aircraft.

Areasandfacilities where training activities take place, whether land, sea, or air.

Pier and/or port complex and associated services that assist and/or provide support
to loading, unloading, staging, etc.

Infrastructure, organization, personnel, and components for the collection,
processing, storage, transmission, display, dissemination, and disposition of
information.

C4ISR (Command, Control, Communications, Computers, Intelligence,
Surveillance, and Reconnaissance) infrastructure (including radar and towers).

All aspects of generation, transmission, and distribution systems that are essential
to power use at installation (e.g., power lines, substations, generators).

All aspects of generation, transmission, and distribution systems that are essential
to fueluse at installation (e.g., storage tanks, distribution pipelines, fill stands).
Storage, inspection, distribution, transport, maintenance (including repairand
serviceability), and disposal of materielas wellasthe provision of support and
services (excluding fuel).

Ground transportation routes and assets; for example, roads, bridges, and terminals
(non-airfield orwaterfront).

Assets and capabilities used to providethe support, resources, program
implementation, and services thatare most likely to be needed to save lives, protect
property and the environment, restore essential services and critical infrastructure,
and help victims and communities return to normal, when feasible, following
domestic incidents. To include emergency operations centers, hospitals, and clinics.
All aspects of pumping, storage, distribution, collection, and treatment systems that
are essential to water use and wastewater management at an installation.

All aspects of HVAC (heating, ventilation, and air conditioning) systems.
Siteswhere actions are required or controls are in placeto reduce the risk to human

health and theenvironment from pastwaste disposal operations and hazardous
substance releases.

“All elements of nature and theirenvironments of soil, sediments, air,and water.
Those consist of two general types: a) earth resources—nonliving resources such as
mineralsand soil components; and b) biological resources—living resources such
asplantsand animals.” (Department of Defense Instruction [DoDI]4715.03,
Natural Resources Conservation Program)

Includes historic properties, cultural items, tribal sacred sites, and archaeological
resources/artifacts/collections. (DoDI 4715.16)

Temporary and/or permanent residential structures and barracks.
Structures wheresenior installation staff conduct their activities.

Childcare center, school, commissaries, and exchanges.
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RESILIENCE CONSIDERATIONS

Resilience measures as used here means measures taken to reduce or avoid the exposure of an installation and its
asset categories (Table 3) to the hazards considered in this analysis. Resilience encompasses four key actions:
preparing for exposure and disruptions from these hazards, absorbing their impacts while providing essential
services and minimizing the consequences of failure, recovering rapidly and wisely to the exposure and
disruptions, and adapting or transforming to reduce future vulnerabilities [after USACE, 2017].

OVERVIEW

The planning and implementation of resilience measures for extreme weather and climate change is generally
tailored to the value of the assets at risk, the consequences of nonperformance, the spatial, temporal scale of the
decision maker, and the lifecycle horizon [Veatch and White, 2019]. These decisions are also subject to
constraints (e.g., standards, funding and technological limitations, regulations) and residual risks that change over
time (e.g., increasing sea level).

The exposure-sensitivity-adaptive capacity framing used here informs decisions differently at scales appropriate
to the decision maker (Figure 3). Understanding relative exposure to climate hazards enables strategic
prioritization and resourcing decisions at the DoD and Department scale, while more detailed, installation-level
information about future climate hazards, sensitivity, and adaptive capacity supports tactical decision making and
informs strategic decisions.

While many decision makers only consider extreme events, effective resilience for DoD installations addresses
the range of climate exposure [Pinson et al., 2020] from chronic or frequent hazards such as changes in high tide
flooding that permanently inundates land [e.g., Sweet et al., 2014; Moftakhari et al., 2016] to extreme events such
as hurricanes. The types of resilience measures appropriate for chronic or frequent events may be smaller in scale
and lower in cost than for extreme events. Yet, the accumulated benefits over time can be significant, and may
justify a larger investment than if extreme events alone are the basis for resilience planning.

Decision makers should also take into account emergency response and recovery costs when planning resilience
measures. These costs include debris removal and cleanup costs for collection, processing, and disposal of debris
materials; emergency use of public facilities (e.g., schools, hospitals, libraries, elder care facilities); public
services (e.g., police, fire); public utilities disruption to service and users; and infrastructure (e.g., energy,
transportation, wastewater, water supply) [USACE, 2015].

Many climate hazard exposure situations could be addressed through a single solution, but the “multiple lines of
defense” approach allows for efficient and cost-effective resilience implementation. The multiple lines of defense
approach often includes a mix of management, temporary, structural and nature-based, and nonstructural
measures in order to deliver performance and resilience over the intended project lifecycle [e.g., Naval Facilities
Engineering Command 2017, USACE 2015]. This approach also provides redundancy and robustness to multiple
and compound hazards.

To illustrate how resilience measures might be considered for DoD installations, we apply typical hazards
included in the DCAT analysis to a representative installation with features typical of the three Departments
within DoD. Two cases are presented in Appendix 2: 1) a base case with historical extreme events, and 2) a future
condition representative of a lower end-of-century climate scenario or a higher mid-century climate scenario.
Each case is accompanied by a figure representing the installation features, locations of hazards, and asset
categories affected. Additional information on these categories of resilience measures and costs (where available),
can be found in Appendix 3 and Pinson et al. [2020].
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ARMY

Identifying the climate hazards to which Army installations are most exposed is the first step in addressing the
potential physical harm, security impacts, degradation in readiness, and increased humanitarian deployment needs
resulting from global climate change [DA, 2020]. Critical next steps include the determination of sensitivity of
exposed installations and the identification and implementation of actions and measures that can be used to
increase resilience and therefore reduce the consequences of exposure to climate change (Figure 2).

The DCAT results for the Army indicate that exposure to drought is the dominant climate hazard. The Army
installations in the DCAT have a wide geographical spread, with installations in all the areas where either long-
term aridity or recurring short-term drought are anticipated to increase. These two different sources of drought
exposure may require different kinds of adaptation to reduce vulnerability. Army installations are also located in
areas subject to coastal and riverine flooding, heat, wildfire, and land degradation, including permafrost thaw in
Alaska.

The planning and implementation of resilience measures for extreme weather and climate change for the Army is
governed by the Army Climate Resilience Handbook [Pinson et al., 2020] and applicable Unified Facilities
Criteria (UFC) [DoD, 2020b and 2020c]. Standards such as American Society of Civil Engineers (ASCE) 7,
Minimum Design Loads for Buildings and Other Structures, and ASCE 24, Flood-Resistant Design and
Construction [ASCE, 2017 and 2015] also guide flood risk reduction planningand design. Recent additions
addressing climate resilience include ASCE Manual of Practice 140, Climate-Resilient Infrastructure: Adaptive
Design and Risk Management [ASCE, 2019].

NAVY

Like Army, identifying the climate hazards to which Navy installations are most exposed is the first step in
addressing the potential physical harm, security impacts, degradation in readiness, and increased humanitarian
deployment needs resulting from global climate change [e.g., Navy 2020]. Critical next steps include determining
the sensitivity of exposed installations and identifying implementing actions and measures that can be used to
increase resilience and therefore reduce the consequences of exposure to climate change [Naval Facilities
Engineering Command, 2017].

The Navy installations in the DCAT are primarily coastal, and some of these have a high degree of exposure to
sea level rise. Many, however, do not have high exposure due to location above the highest projected water
surface elevation, location within protected harbors or river mouths, or location in highly developed urban areas.
Consequently, the DCAT results for Navy indicate that exposure to drought is the dominant climate hazard across
the entire portfolio, with inland installations in the U.S. Southwest or in subtropical ROW locations facing
increased exposure to long-term aridity or recurring short-term drought. These two different sources of drought
exposure may require different kinds of adaptation to reduce exposure where installations are sensitive to this
exposure.

The planning and implementation of resilience measures for extreme weather and climate change for Navy is
governed by the Climate Change Planning Handbook [Naval Facilities Engineering Command [2017] and
applicable Unified Facilities Criteria [e.g., DoD 2019, 2020b]. Standards such as American Society of Civil
Engineers (ASCE) 7, Minimum Design Loads for Buildings and Other Structures, and ASCE 24, Flood Resistant
Design and Construction [ASCE, 2017 and 2015] also guide flood risk reduction planning and design.

Recent additions addressing climate resilience include ASCE Manual of Practice 140, Climate-Resilient
Infrastructure: Adaptive Design and Risk Management [ASCE, 2019].
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AIR FORCE

As for Army and Navy, identifying the climate hazards to which Air Force installations are most exposed is the
first step in addressing the potential physical harm, security impacts, degradation in readiness, and increased
humanitarian deployment needs resulting from global climate change [e.g. Department of the Air Force 2020].
Critical next steps include the determination of sensitivity of exposed installations and the identification and
implementation of actions and measures that can be used to increase resilience and therefore reduce the
consequences of exposure to climate change (Figure 2).

The DCAT results for Air Force indicate that exposure to drought is the dominant climate hazard. The Air Force
installations in the DCAT are abundant in the U.S. High Plains, the U.S. Southwest, the U.S. Southeast, the
Caribbean and subtropical Pacific, all areas where either long-term aridity or recurring short-term drought are
anticipated to increase. These two different sources of drought exposure may require different kinds of adaptation
to reduce exposure to drought where installations exhibit sensitivity to drought.

The exposure to drought also contributes to an increase in wildfire exposure across all epoch-scenarios for Air
Force installations. Wildfire risk is the result of three important variables: protracted dry climate, availability of
fuels, and human activity. The importance of fire management is evident not only through the development of a
Fire Science Strategy [DoD 2014c], but also by the establishment of the Air Force Wildland Fire Branch
(AFWFB) in 2012.

The planning and implementation of resilience measures for extreme weather and climate change for Air Force is
governed by Air Force Civil Engineer Severe Weather/Climate Hazard Screening and Risk Assessment Playbook
[Department of the Air Force 2020] and applicable Unified Facilities Criteria [e.g., DoD 2019, 2020b]. Standards
such as American Society of Civil Engineers (ASCE) 7, Minimum Design Loads for Buildings and Other
Structures, and ASCE 24, Flood Resistant Design and Construction [ASCE, 2017 and 2015] also guide flood risk
reduction planning and design. Recent additions addressing climate resilience include ASCE Manual of Practice
140, Climate-Resilient Infrastructure: Adaptive Design and Risk Management [ASCE, 2019].
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DEEPER DIVE: RIVERINE AND COASTAL FLOOD RISK
REDUCTION

Riverine and coastal flood risk reduction begin with knowledge of past exposure, significant trends,
nonstationarities that could alter those trends, and projections of future changes (e.g., increasing precipitation,
rising sea level) that could impact those changes. Tidally influenced locations may also experience compound
flood events with storm surge and precipitation [Zchleischler et al., 2020; Raymond et al., 2020, Wahl et al.,
2015]. Coastal flooding results when ocean water inundates land that is not typically inundated during the annual
tidal cycle. Coastal flooding is caused by extreme high water events that result from storm surge, waves, and tides
that push saltwater inland. Coastal flooding is exacerbated by sea-level rise, which is especially problematic for
relatively flat coastal plains where small increases in sea surface elevation allow for large increases in areas
flooded.

The DCAT coastal flooding hazard category (Figures 1214 and 15) relies on two indicators of coastal flooding:
coastal inundation and coastal erosion (see Appendix 1 for details). The latter is a static indicator, while the
former is the percent area of the installation inundated, equivalent to the 1% AEP coastal flood elevation for the
base scenario modified for future epochs by the DRSL database lowest and highest sea level scenarios. The
DCAT riverine flooding hazard category relies on five indicators. These include percent installation area
inundated under the 1% AEP flood elevation, with future flood extent represented by adding 2 ft (for 2050) and 3
ft (for 2085), extreme precipitation days, a flood magnification factor based on the 10% AEP flood, maximum 1-
day precipitation, and maximum 5-day precipitation. Appendix 1 contains additional information.

DoD installation flood risk reduction is guided by a number of Unified Facilities Criteria (UFC), both general
(e.g., UFC 2-100-01, Installation Master Planning [DoD 2019] and UFC 3-201-01, Civil Engineering [DoD
2020b]) and specific (e.g., UFC 3-260-01, Airfield and Heliport Planning). Navy facilities use the Climate
Change Planning Handbook [Naval Facilities Engineering Command (2017]. Air Force relies on the Severe
Weather/Climate Hazard Screening and Risk Assessment Playbook [Department of the Air Force 2020], while
Army assessments use the Army Climate Resilience Handbook [Pinson et al., 2020; DA 2020a]. Standards such
as American Society of Civil Engineers (ASCE) 7, Minimum Design Loads for Buildings and Other Structures,
and ASCE 24, Flood Resistant Design and Construction [ASCE, 2017 and 2015] also guide flood risk reduction
planning and design. Recent additions addressing climate resilience include ASCE Manual of Practice 140,
Climate-Resilient Infrastructure: Adaptive Design and Risk Management [ASCE, 2019].

DoD has undertaken a number of climate-related studies through its Strategic Environmental Research and
Development Program (SERDP) and the Environmental Security Technology Certification Program (ESTCP).
These include general assessments such as the 2013 SERDP Report “Assessing Impacts of Climate Change on
Coastal Military Installations: Policy Implications” and the DoD Regional Sea Level (DRSL) Scenarios [Hall et
al., 2016], which are housed in a database containing over 1700 locations globally. The DRSL database provides a
high-level assessment of projected water surface elevations at 2035, 2065, and 2100, including estimates of
extreme water levels for several annual exceedance probability events.

Federal agencies, the private sector, academics, and non-governmental organizations have extensive experience
with determining site-specific riverine and coastal flood delineations and resilience measures, now and in the
future. SERDP and ESTCP have also sponsored a number of site-specific studies related to climate-impacted
coastal and riverine flooding (Table 4). These types of studies can provide detailed information about climate
exposure, sensitivity, and adaptive capacity at installations, which can supplement the screening-level information
provided in the DCAT. Appendix 3 contains additional information on resilience measures for riverine and
coastal flooding, including estimated costs, where available.
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Table5. Examples of SERDP and ESTCP site-specific studies related to climate-impacted coastal and riverine flooding.

Project #

RC19-1389

RC-2336

RC-2514

RC-2515

RC-2516

Principal
Investigator

Simon S.-Y.
Wang

Jeffrey
Donnelly

Yonas
Demissie

Anna Wagner

Casey Brown

Organization ' Title

Utah State Useful Prediction of

University Climate Extreme Risk
for Texas-Oklahoma at
4-6 Years

WoodsHole Impacts of Changing

Oceanographic | Climate onPacific

Institute Island-Based Defense
Installations

Washington Linked Rainfalland

State Runoff Intensity-

University Duration-Frequency in
the Face of Climate
Change and
Uncertainty

USACE Changesin Climate

Engineer and Its Effecton

Researchand | Timingof Snowmelt
Development | and Intensity-Duration-
Center’'sCold | Frequency Curves

Regions

Researchand

Engineering

Laboratory

University of | Climate-Informed

Massachusetts, | Estimationof

Ambherst Hydrologic Extremes
forRobust Adaptation
to Non-Stationary
Climate

Description

Thisproject develops a novel combination of
large-scale climate diagnostics and storm-
scale simulations: (a) examiningthe
climate/ocean controlling factors forthe spring
rainy seasonandthenapplyingthis
understanding to evaluate the multi-year
prediction produced by anearthsystem model
and (b) conducting fine-resolution
downscalingto add detailed simulations of
storm characteristics and to derive extreme-
weather metrics thatare usefulto installation
managers.

The objectiveof this project is to provide
probabilistic information on potential climate-
related threats for DoD installations across the
Pacific overthe nextcentury, including those
that mightarise from hydrological changes,
sea-level change, andchanges in tropical
cyclone activity.

The primaryobjectiveof this project was to
revise and update stormand flood intensity-
duration-frequency (I DF) relationships (or
curves) forselected military installations by
consideringchangesin the pastand future
storm and flood events, effect of snowmelt,
and modelingand data uncertainties.

The objectivesare to (1) investigate the timing
of and intensity of snow accumulation,
snowmelt, and runoff for historicaland future
climate scenarios at regional and watershed
scalesand (2) producecurrent and future IDF
runoffcurves forthestudy locations.

Thisproject lookedatthe challengesand
advances in design of infrastructure for floods
under non-stationarity.
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Project #

RC-2517

RC-2513

RC-2546

RC-2644

RC-2204

RC-2205

Principal
Investigator

Kenneth
Kunkel

Dennis
Lettenmaier

Mark
Wigmosta

John Marra

Casey Brown

Christopher
Castro

Organization Title

North Carolina | Incorporationof the

State Effects of Future

University Anthropogenically-
Forced Climate Change
in Intensity-Duration-
Frequency Design
Values

University of | EffectsofGlobal

California, Los | Change on Extreme

Angeles Precipitationand
Flooding: New
Approachesto IDFand
Regional Flood
Frequency Estimation

PNNL Next-Generation
Intensity-Duration-
Frequency Curves
Considering
Spatiotemporal Non-
Stationarity in Climate,
IntensePrecipitation
Events, and Snowmelt

NOAA NCEI | AdvancingBest
Practicesforthe
Analysis of the
Vulnerability of
Military Installations in
the Pacific Basin to
Coastal Flooding under
a Changing Climate

University of | Decision-Scaling: A

Massachusetts = Decision Framework

Ambherst forDoD Climate Risk
Assessmentand
Adaptation Planning

University of | AssessingClimate

Arizona Change Impacts for
DoD Installations in
the Southwest United
States Duringthe
Warm Season

Description

The overriding objective ofthis projectisto
develop a framework forincorporatingthe
potentialimpact of future climate change into
the IDF values of heavy precipitation.

The overarching sciencefapplications question
thisresearch will addressishowcan
engineering design criteria associated with
extremeprecipitation and flooding be adjusted
to reflect observedand projected effects of
climate changein a mannerthatis consistent
with standards of engineering practice?

This project will use physics-based modeling
and data analysis to developand demonstrate a
scientifically defensible methodology for
creating next-generation I DF curves with
direct consideration of intense precipitation
eventsand snowmelt under conditions of
climate non-stationarity.

Advance the practical application of statistical
and otheranalytical techniques thatcan be
used to assess the vulnerability of built and
naturalenvironments to theimpacts of coastal
floodingina changingclimate.

The objectiveof this project isto developand
evaluate a framework for assessing DoD
relevantclimate change risksand for
incorporating climate information into
decision making.

The overarching research objective wasto
evaluate how warm season extreme weather
events in the Southwest will change with
respect to occurrenceand intensity.
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Project# Principal Organization Title Description
Investigator
RC-2334 | CurtStorlazzi A USGS Pacific = The Impactof Sea- The primary goal of this joint investigation
Coastaland LevelRise and Climate | wasto determine the influence of climate
Marine Change on Department | change and sea-level rise on wave-driven
Science Center | of Defense Installations = floodingand the resultingimpacts to
on Atollsin the Pacific | infrastructureand freshwater resourceson
Ocean atollislands.
RC-2335 | JohnMarra NOAA Advancing Best The objective of this project was todevelop
National Practices forthe guidancethatoutlines best practicesand
Climatic Data | Formulationof methodologies that canbe usedto formulate
Center Localized Sea-level scenario-dependent probabilistic estimates of
Rise/Coastal future extremesea levelsundera changing
Inundation Extremes climate andapply it to select DoD sites in the
Scenarios for Military | Pacific Islands.
Installations in the
Pacific Islands
RC-2340 | Stephen USGS Pacific | WaterResourceson (1) Provide basic understanding aboutwater
Gingerich IslandsWater | Guam:Potential resources for DoD installations on Guam. (2)
Science Center | Impactsand Adaptive | Assess the resultingeffect of sea-level rise and
Response to Climate a changing climate on freshwater availability,
Change for DoD on the basis of historical information, sea-level
Installations rise projections, and global-climate model
temperature andrainfall projections.
RC-2709 | Simon (Shih- | Utah State Useful Prediction of This limited-scope projecttackled the
Yu) Wang University Climate Extreme Risk | challenge of predictingwater-cycle extremes

for Texas-Oklahoma at
4-6 Years

in Texasand Oklahomaas severe asthe 2015
and 2016 floods beyond seasonal timescale.
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DEEPER DIVE: WILDFIRE RESILIENCE CONSIDERATIONS

Wildfire risk is the result of three important variables: protracted dry climate (drought and flash-drought,
discussed in previous sections), availability of fuels, and human activity. Fire risk days refers to the number of
days per year in which sufficiently dry conditions occur within a region, with the measure being used taking into
account prior precipitation and soil moisture conditions. Extended dry weather conducive to wildfire initiation and
spread is considered the most significant contributing factor to wildfire vulnerability.

DoD [2014c] notes that “Fire is a fact of life on a military installation,” due in part to training and testing
activities that serve as ignition sources, but also because of the vast tracts of land under DoD management. These
lands include more than five million acres of forested ecosystems, over seven million acres of sagebrush, over ten
million acres of desert, and about one million acres of annual and perennial grasslands [DoD 2014c]. The
importance of fire management is evident not only through the development of a Fire Science Strategy [DoD
2014c], but also by the establishment of the Air Force Wildland Fire Branch (AFWFB) in 2012.

Fire science and fire management has been an area of interagency collaboration since the 1990s, when Congress
directed the formation of the Joint Fire Science Program between the Department of the Interior (DOI) and the
U.S. Department of Agriculture’s (USDA) Forest Service (USFS). Similarly, the AFWFB represents
collaboration with U.S. Fish and Wildlife Service, Colorado State University, the DOI’s Bureau of Land
Management, and the University of Montana.

The USDA’s Forest Service (USFS) is an authoritative source of information about wildfires, including their
prevention, mitigation, and costs. They noted in a 2015 report [USFS, 2015] that the fire season was how on
average 78 days longer and burns twice as many acres annually than in 1970 as a result of climate change, often in
areas not historically affected by wildfire.

Under increasingly dry conditions, range activities in areas with dense (more than half) wildland vegetation will
have increased potential to initiate wildfire compared to developed areas, barren ground, or other disturbed areas
outside of the Northeast and Midwest. Naturally ignited wildland fires can cause damages, and at the same time
reduce hazardous fuels and the likelihood of future high severity fires while improving the resilience to
landscapes, especially those ecosystems adapted to frequent fire [USFS, 2017].

Wildfires may pose a significant risk to military locations [Beavers, 2007, Figure 3] with implications for the
timing and type of training activities at a given location [Galbraith, 2011]. Numerous examples of wildfire
ignition due to live-fire training during dry conditions exist [e.g., Panzino, 2018; Galbraith, 2011]. Infrastructure
may be vulnerable to damage from wildfires that originate on or off an installation, although the clustering of
infrastructure within installation for other reasons enhances the defensibility of the space. An additional concern
is management of smoke from prescribed and wildland fires both on and off base [Mickler, 2014].

Preparedness and suppression are major features of wildfire mitigation, whereas vegetation and watershed
management are critical in post-fire recovery and restoration (USFS, 2015). Management measures to reduce
installation fire risk include improved preparedness and recovery through understanding how seasonal risk
evolves and knowing which conditions favor wildfire ignition and spread at a particular installation. Table 5
outlines fire risk categories and training restrictions.
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Table6. Fire Danger Categories and Training Restrictions (White et al., 2019).

Fire
Danger
Condition

Green

Amber

Red

Black

Expected Fire Behavior

Fires are difficult to start

and do not burn with

vigor. Firescan easilybe

controlledusingdirect
attack.

Fires starteasilyand may

burn quickly through
grass andshrubfuels.
Fires can becontrolled

using directattack,butin
some circumstances, may

require indirectattack
methods.

Fires starteasily, move
quickly, burnintensely,
and maybedifficult to
control.

Fires startvery easilyand
are impossible to control.

Training Restrictions

None

No aerial flares
outside thelive-fire
trainingareas

Pyrotechnicsmustbe
used on roadways,
tanktrails,orbarren
areas.

No pyrotechnics,
incendiary munitions,
tracers

No live-firetraining

No pyrotechnics

Non-live-fire training
must be authorized by
the Senior Mission
Commander.

Fire-Fighting Derived
Detail KBDI*
Requirements
None 0-300
None 300-600
10-personfire-fighting | 600-750
detailrequired
On-callhelicopter
required on 20-minute
standby
None 750-800

*Keetch-Byram Drought Index (KBDI) is a measure of soil moisture deficit based on mean annual temperature
and precipitation. The indexhasa maximum value of 800, with a value>600 indicating very dry conditions
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CONCLUSIONS AND NEXT STEPS

Exposure to climate change hazards is not a new problem for DoD installations, but the nature and severity of this
problem is changing. The costs and consequences for failing to adapt are increasing, as are the benefits of
improved resilience. The DCAT provides an important new capability for assessing and responding to these
threats. The DCAT provides screening-level information on exposure to current and projected future climate
hazards at 1055 CONUS, AK, and HI. A separate DCAT for the 336 selected DoD installations in the ROW.
Using the best available and actionable science, the DCAT allows the user to evaluate climate change exposure
hazards across the installation portfolio, across individual Departments and regions, and at individual
installations.

The geospatial framework of the DCAT provides Departments and services with a consistent method to evaluate
exposure to climate hazards across the portfolio. This enables the user to think strategically about which missions,
assets, and resources for which risk can be reduced, or where they might need to be relocated to reduce exposure
risk while enhancing security and readiness at the national and global scale.

For the ROW installations, this framework includes hydroclimate variables analogous to those present in the
DCAT for CONUS, AK, and HI. A contract was awarded to obtain consistent topographic mapping for the ROW
installations, and a method developed to produce riverine and coastal flood extent mapping using comparable
techniques. When the flood delineations are competed, the ROW analysis will be conducted. The results for the
ROW analysis will be provided in a separate report.

The screening-level DCAT results indicate that:

1. Climate hazard exposure across all installations increases through time for scenarios of both lower and
higher warming.

2. Climate hazard exposure is more pronounced for the later epoch (2085) and the scenarios of higher

warming.

For most hazards, there is close similarity in values between the 2085 lower and 2050 higher conditions.

4. Differences in the degree of exposure to hazards are similar across both scenarios until mid-century, when
they diverge.

5. Hazards more directly tied to temperature change (e.g., heat, drought, wildfire) show larger increases in
exposure under the 2085 higher scenario than other hazards.

6. Slower increases in exposure with time are evident for other hazards (e.qg., coastal flooding, energy
demand, land degradation).

7. Drought is the dominant indicator across all epoch-scenarios for DoD and for the individual Departments.

8. There is no epoch-scenario combination under which installation exposure to climate hazards is projected
to decrease.

w

Exposure to climate hazards is broadly similar across the Departments within CONUS, Alaska (AK), and Hawaii
(HI). The Air Force installations are often located in areas where long-term aridity or recurring short-term drought
are anticipated to increase, driving more wildfire risk. Army installations have a similar pattern of exposure but
are more frequently located in areas where exposure to heat, drought, and riverine flooding increase with time.
The Navy has a significant exposure to coastal and riverine flooding, but there is great variability: some
installations are highly exposed, and some are not. Like other Departments, the Navy’s drought exposure
increases stepwise based on the time and scenario.
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Across the rest of the world (ROW) installations, the dominant hazard across all the Departments is also drought,
and heat is also a common concern. Navy and Air Force ROW installations have large exposure to coastal and
riverine flooding, and to land degradation. Army ROW installations in the DCAT, however, are predominantly
located in inland urban environments where coastal erosion, coastal inundation, and riverine flood exposure is
low.

For all DoD installations, rising temperatures will increase exposure to a wide range of hazards that can directly
impact military readiness, including heat-related health problems and adverse effects on military training and
testing that may cause changes to soldier readiness due to changes in the availability or timing of days when
conditions are suitable.

The information provided by the DCAT is largely in agreement with previous studies with respect to the
installations at greatest risk from changes in temperature, precipitation, sea-level rise, and riverine flooding.
Unlike previous studies, the DCAT provides a consistent framework for the addition of more installations,
additional indicators, and hazard categories. Thus, the user is able to both expand and refine the knowledge
available to them as additional data become available.

Identifying the climate hazards to which DoD installations are most exposed is the first step in addressing the
potential physical harm, security impacts, degradation in readiness, and increased humanitarian deployment needs
resulting from global climate change. Site-specific information can be difficult and expensive to obtain.
Fortunately, DoD has undertaken a number of site-specific climate-related studies through its Strategic
Environmental Research and Development Program (SERDP, 2013) and the Environmental Security Technology
Certification Program (ESTCP).

Assessing the sensitivity of an installation to its climate hazard exposure is the next step. Results from these and
similar studies can inform assessments of sensitivity at installations for which DCAT has identified climate
hazard exposure. Once sensitivity has been determined, installation managers can begin to identify and plan for
actions and measures that can be used to increase resilience and therefore reduce the consequences of exposure to
climate change.

Examples are provided through the use of a notional installation with features typical of the three Departments
within DoD. Two cases are presented in Appendix 2: a base case with historical extreme events and a future
condition representative of a lower end-of-century climate scenario or a higher mid-century climate scenario.
Each example includes the impacted asset categories of facilities, infrastructure, operations, and associated
services as used in SLVAS [DoD 2018], as well as a list of appropriate resilience measures and their rough-order-
of-magnitude costs, based on information contained in Appendix 3.

Climate change exposure and impacts do not stop at the installation boundary. The surrounding communities map
provide essential energy, water, transportation, communication, emergency, and other services to the installation.
Military and civilian personnel may live in the surrounding communities. Consequently, the climate exposure
resilience of the surrounding communities is an essential component of installation resilience. The DoD Office of
Local Defense Community Cooperation (https://oldcc.gov/program-overview), formerly known as the Office of
Economic Adjustment, provides grants to local communities to undertake investments in public services and
infrastructure to support the readiness and resilience of installations.
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