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U.S. Environmental Protection Agency, Gulf Breeze, FL, United States

Using a Climate Resilience Screening Index (CRSI) that was developed to represent
resilience to acute weather events at multiple scales for the United States, nine regions
of the United States are compared for resilience for these types of natural hazards.
The comparison examines the domains, indicators, and metrics of CRSI addressing
environmental, economic, and societal aspects of resilience to acute climate events at
county scales. The index was applied at the county scale and aggregated to represent
select regions of the United States. Comparisons showed higher levels of resilience in
the Northeast and West, including Alaska, (>4.0) while counties in the South Atlantic
and South-Central regions exhibited lower resilience (<2.0) to acute climate events.
Northeast, West and Mountain regions of the US are characterized by relatively low levels
of risk (<0.26), higher levels of governance (>0.60), and above national median scores
for society, built environment and natural environment domains which enhances their
resilience scores. South Atlantic and South-Central regions of the US are characterized
by higher risk scores (>0.31) accompanied by lower levels of governance (<0.48) and
below national median scores for society and built environment domains reducing the
region’s overall resilience.

Keywords: climate events, resilience, vulnerability, recoverability, natural hazards

INTRODUCTION

Natural hazards can result in disasters without proper governance and mitigating systems (Chandra
et al., 2007). In the recent past, the United States has witnessed several natural disasters including
major hurricanes, earthquakes, tornadoes, and wildfires. While some governance and mitigation
measures have been taken, future natural hazards disasters cannot be prevented due to the fact
these events can hit random locations, have varying magnitudes, and can take unexpected forms.
Therefore, the enhancement of the capacity of communities to resist and recover from these types
of natural hazard disasters is paramount. Several global, national, and local agencies are confronted
with this situation and have developed frameworks to address these issues (e.g., UN/ISDR, 2002;
FEMA, 2012, 2017a,b; NRC, 2012; FDH, 2016; FDEM, 2018).

Resilience is increasingly used as a pathway for understanding the actions of natural hazard
disasters. Resilience was originally an ecological concept (Holling, 1973) that was adapted to social
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systems (Adger, 2000) and eventually to joint human-
environmental systems (Folke, 2006). What natural disasters
have taught us is that resilience to these disasters needs
to be discussed within the framework of integrated socio-
ecological systems (Berkes et al., 2003). Similarly, the temporal
scale of these disaster events can be short-term (Bruneau
et al., 2003; Rose, 2004) associated with specific acute
meteorological events or longer-term associated with global
change (Dovers and Handmer, 1992). Regardless, there is no
common conceptualization for resilience. This manuscript uses
a conceptualization for resilience to short-term meteorological
hazards (Summers et al., 2017a, 2018) and analyses the results to
depict regional comparisons.

CLIMATE RESILIENCE SCREENING
INDEX—CONCEPTUALIZATION,
APPROACH AND STRUCTURE

The conceptualization, approach and structure of the Climate
Resilience Screening Index (CRSI) for acute meteorological
events has been described in detail in Summers et al. (2017a,b).
A short synopsis of this index is provided here.

In the construction of the CRSI index, the historical
occurrence of acute meteorological events associated with
geographic regions throughout the United States were assessed
as well as the infrastructure challenges these events created.
Discussions with climate experts, in conjunction with the
information provided by the National Climate Assessment
(Melillo et al., 2014) and the 100 Resilient Cities report (ARUP,
2014) yielded twelve (12) acute meteorological events and natural
hazards that were included in CRSI:

e Hurricanes e Drought

e Tornadoes e High winds

e Inland Floods e Hail

e Coastal Flooding e Landslides

e Earthquakes e Extreme high temperatures
e Wildfires e Extreme low temperatures.

No singular approach among existing composite measures of
climate resilience met all of the expected needs for developing
CRSI. Collectively, however, the reviewed literature provided
many of the building blocks (e.g., suites of indicators, indicator
groupings, domains). To varying degrees, all of the existing
indices offered patterns of indicator groupings. In the final
conceptualization of CRSI, five domains were comprised of
twenty indicators that were derived from 117 unique metrics.
Figure 1 depicts the final CRSI conceptual framework including
the domains and indicators of the index. A summary and
discussion of the domains, indicators and types of metrics used
in CRSI can be found in Summers et al. (2017b, 2018) and are
listed in Table 1.

All domains for each county, parish and borough (all referred
to as county below) were min-max standardized on a scale
from 0.01 to 0.99. The final CRSI calculation begins as a scaled
value for recoverability/vulnerability derived from Governance

and Risk (basic CRSI) with the Governance value being adjusted
by the remaining domain scores for social, built environment
and natural environment to complete the calculation of CRSI as
shown below:

CRSI(B); = ®A; = ik,

where CRSI(B); = value of  basic resilience
(Recovery/Vulnerability or R;/Vi) and R;i/V; = Governance
in county i/Risk in county i. The overall CRSI score is calculated
as:

CRSI; = (Gov; + Soc(a);iGov; + BE(a);Gov;
+ NE(a);Gov;)/Risk;

where CRSJ; = the value of CRSI or adjusted resilience for county
i and Soc(a);, BE(a);, and NE(a); are the adjustment multipliers
for Society, Built Environment, and Natural Environment in each
county i, and Risk; is the Risk score for county i. The adjustment
factors are calculated as:

Soc(a); = (Sociisgcm%ocm

where Soc(a)i is the adjustment multiplier for society in county
i, Soc; is the social domain score for county i and Socy, is the
median social domain score (median is used rather than mean to
match the skewed distribution of the data) for all counties;

BE(a); = BE=BEn) 4

where BE(a); is the adjustment multiplier for built environment
in county i, BE; is the built environment domain score for county
i and BE,, is the median built environment domain score for all
counties;

NE(a); = NN i,

and where NE(a); is the adjustment multiplier for natural
environment in county i, NE; is the natural environment domain
score for county i and NE, is the median natural environment
domain score for all counties.

The national results of CRSI have been provided elsewhere
(Summers et al., 2017b, 2018) as well as a regionalization
providing direct utility to the U.S. Environmental Protection
Agency (EPA)—a regionalization by EPA Regions (the U.S. is
divided into 10 EPA regions). However, such a regionalization
is of limited utility to non-EPA decision makers. Therefore, the
national data has been regionalized by geographic region based
on Census Divisions (U.S. Department of Commerce, 2018) and
by state to be of better use for these decision-makers as presented
in Figure 2. This regionalization separates the United States into
nine areas:
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FIGURE 1 | Final CRSI conceptual framework. Arrows projected from boxes to the left and right represent hypothetical increases and decreases in ranges for

Indicator

P Resilience
Range

Domain

Range

1) New England—Connecticut, Maine, Massachusetts, New
Hampshire, Rhode Island, and Vermont

2) Middle Atlantic—New Jersey, New York, and Pennsylvania

3) East North Central—Illinois, Indiana, Michigan, Ohio, and
Wisconsin

4) West North Central—Iowa, Kansas, Minnesota, Missouri,
Nebraska, North Dakota, and South Dakota

5) South Atlantic—Delaware, District of Columbia, Florida,
Georgia, Maryland, North Carolina, South Carolina, Virginia,
and West Virginia

6) East South Central—Alabama, Kentucky, Mississippi, and
Tennessee

7) West South Central—Arkansas, Louisiana, Oklahoma, and
Texas
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TABLE 1 | List of CRSI domains, indicators, scope, and number of metrics.

TABLE 1 | Continued

Domain Indicator(s) Metric category (number of Domain Indicator(s) Metric category (number of
(# indicators/ specific metrics) (# indicators/ specific metrics)
#metrics) #metrics)
Built Communication Communication continuity (7) Natural area loss (1)
environment infrastructure Dual-benefit area loss (includes
(6/24) Housing characteristics ~ Structure vulnerability (5) cropland and managed area
Transportation Transportation flow continuity (6) measures) (1)
infrastructure Society Demographics Vulnerable populations (5)
Utiity infrastructure Utility continuity (3) (8/50) Economic diversity Economic stability/recovery (2)
Vacant structures Structure vulnerability (3) Health characteristics Health problems that may impact
Governance Community Community resilience personal resilience (9)
(879) preparedness strengthening (2) Labor and trade Construction recovery (8)
Natural resource Natural resource recovery (1) services
conservation Safety and security Provisioning of emergency and
Personal preparedness  Personal property hazard civil services (4)
tection (2
" pro i I ) @ o Social cohesion Access to social support (4)
Natural Condition Biodiversity, using birds as a . . L »
. Social services Access provisioning to critical
environment proxy (1) )
2/18) - services (15)
( Coastal condition (1) . ) .
» Socio-economics Employment opportunity (1)
Forest condition (1) b | ics (2
ersonal economics
Inland lake condition (1) @
Percentage of clean air days (1) Numbers in parentheses for domains show the total number of indicators/total metrics
Rivers and streams condition (1) in the domain. Numbers in parentheses for metrics indicate number of individual metrics
Soil growth suitability (1) used to represent the metric category. *RCRA, Resource Conservation and Recovery
Soil productivity (1) Act - RCRA is a U.S. public law that creates the framework for the proper management
Ol produc y of hazardous and non-hazardous solid waste. The metric represents the number and
Wetlands condition (1) locations of RCRA sites; **Superfund, EPA’s Superfund Program is responsible for
Extent of ecosystem Agriculture area (1) cleaning up some of the nation’s most contaminated sites. The metric represents the
types number and location of Superfund sites.
Forested area (1)
Grassland area (1)
Inland surface water area (1) 8) Mountain—Arizona, Colorado, Idaho, Nevada, New Mexico,
Marine/estuarine area (1) Utah, and Wyoming
Perennial ice/snow area (1) 9) Pacific—Alaska, California, Hawaii, Oregon, and Washington.
Protected areas (1)
Tundra area (1) Data from Alaska is only partially available with about 50% of
Wetland area (1) its boroughs not represented. Due to both missing data and very
Risk Exposure Earthquake probability (1) low risk domain scores for Alaska (risk to acute meteorological
(2/20)

Extreme high temperature
incidents (1)
Extreme low temperature
incidents (1)
Flood probability (2)
Hailstorm probability (1)
Tornado probability (2)
Hurricane probability (2)
Landslide probability (1)
Major toxics presence (1)
Non-storm damaging wind
incidents (1)
Nuclear presence (1)
Location of RCRA sites (1)*
Location of Superfund sites (1)**
Toxic release presence (1)
Wildfire probability (1)

Loss Developed area loss (includes
human and property measures)

()

(Continued)

events), use of Alaska data skews the scores for the Pacific region.
To better represent issues associated with the Pacific region,
results will be discussed both including and excluding Alaska.

REGIONALIZATION RESULTS

The overall CRSI regionalized results are depicted in Figure 2.
These scores show that the Pacific (with or without Alaska),
New England, and Mountain Regions display the highest overall
resilience while the East South Central, South Atlantic, and
West South Central display the lowest overall resilience. This
distribution of overall scores is the result of specific regional
domain scores (Figure 3). One of the primary domains affecting
the overall CRSI score for a region is risk. Risk is comprised of 12
types of meteorological events and is adjusted based on losses due
to those events and potential anthropogenic hazard exposures.
Figure 4 shows the comparative levels of risk for the events,
losses, and anthropogenic risks by U.S. region. In all regions
the risk domain is driven by historical exposure with minimal
contributions from historical losses. The highlights of the domain
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FIGURE 2 | Regionalized CRSI results with estimate of uncertainty.
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scores for each region and its comprising states will be discussed
below by individual region.

New England
The New England region is comprised of five states and is
characterized by the second highest CRSI score in the U.S. (4.375)
or the highest score if Alaska is excluded from the Pacific region
(Table 2). All states in the New England region are either near
the national CRSI average (Rhode Island) or significantly above
the national averages (all remaining states in the region). All
New England states are characterized by lower than average risk
to meteorological events and significantly higher than average
governance. All states have average or higher than average built
environment scores except Rhode Island which is significantly
lower than average (0.302). Similarly, all states have higher than
average society scores with Vermont demonstrated among the
highest state society scores in the nation (0.671). All New England
states have natural environment scores either close to the national
average or significantly greater than the average (Rhode Island,
0.511, and Maine, 0.484).

Meteorological risks in New England (Figure4) are
characterized by extreme high and low temperatures (49%

of events and well-above the national average) and drought (23%
of events but well-below the national average). Inland flooding,
high winds and hailstorms comprise the remaining secondary
risks at 9, 9, and 3%, respectively, with high wind events being
significantly above the national average. These types of events
result in minimal loss of life and physical property (about 1%
of the loss in New England), although losses to agricultural and
silvicultural lands, as well as natural ecosystem, comprise about
99% of losses. Potential anthropogenic hazards existing near sites
of meteorological events are dominated by Superfund sites (47%)
and general toxic release sites (e.g., industrial outflows) at 36%
(both at the national average).

CRSI scores can be deconstructed to assess which
indicators are the primary contributors to the score and
which indicators contribute weakly to the score. Using polar
plots (Figures 5-7), these contributions can be quantified
visually for each region of the United States. Figure 5A
shows the deconstruction of the New England CRSI score by
domains. Risk domains simply reflect histories of exposure
and cannot theoretically be altered by human actions to
reduce risks. The major contributors to the CRSI score in
the New England region are natural resource conservation
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contributions to governance; demographic characteristics,
economic diversity, and socio-economics to society; the
number of vacant structures and general housing characteristics
to the built environment; and, the extent or acreage of
natural ecosystems (not built environments) in the natural
environment.

Of the 67 counties in the New England region, the
top 10% of CRSI scores (scores = 6.95 to 12.7) were
seen in Maine (3 counties), Vermont (2 counties), and
Massachusetts and New Hampshire (1 county each).
Only two New England counties (both in Rhode Island)

have resilience scores significantly below the national
average.
Middle Atlantic

The Middle Atlantic region is comprised of three states and
is characterized a moderate CRSI score (2.823) (Table 2). All
states in the Middle Atlantic region are near the national
CRSI average with New York demonstrating an overall
CRSI score slightly above the national average (3.103).
Most Middle Atlantic states are characterized by average
risk to meteorological events with New Jersey showing
elevated risks (0.379) and all states in the region showed

significantly higher than average governance scores. All
states have higher than average built environment scores
and average society scores. All Middle Atlantic states have
natural environment scores slightly lower than the national
average.

Meteorological risks in the Middle Atlantic region (Figure 4)
are characterized by extreme high and low temperatures
(46% of events and well-above the national average)
and drought (19% of events but well-below the national
average). The region is exposed to three other types of
meteorological events—landslides (13%), high wind events
(9%), and inland flooding (8%). Landslides and high wind
events are about twice the national average. These types of
events result in minimal loss of life and physical property
(<1% of the loss in the Middle Atlantic) although losses to
agricultural and silvicultural lands, as well as natural ecosystem,
comprise about 99% of losses (equally divided). Potential
anthropogenic hazards existing near sites of meteorological
events are dominated by Superfund sites (54%, significantly
above the national average), general toxic release sites
(e.g., industrial outflows) at 26% (significantly below the
national average) and RCRA sites (12% at twice the national
average).
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FIGURE 4 | Relative comparison of risk of meteorological events, losses due to those events and potential anthropogenic hazard exposures by region. Sum of each
column associated with the three risk subsets equals 1 (or multiplied by 100 equals 100%).

The major contributors to the CRSI score in the
Middle Atlantic region are natural resource conservation
contributions to governance; demographic characteristics,
economic diversity, socio-economics and social cohesion

to society; the number of vacant structures to the
built environment; and, the extent and condition
of natural ecosystems in the natural environment
(Figure 5B).

Of the 150 counties in the Middle Atlantic region, the top 10%
of CRSI scores (scores = 4.35 to 5.61) were seen in New York (12
counties) and Pennsylvania (3 counties). Nearly 25% of counties
in the Middle Atlantic region has overall CRSI scores significantly
below the national average of 2. 375 (excluding Alaska). The
10% of Middle Atlantic counties with the lowest CRSI scores
equitably split among the three states with 4-6 counties in each
state.

East North Central

The East North Central region of the United States is comprised
of five states and is characterized an above average CRSI score
(2.948) (Table 2). All states in the East North Central region
are either near the national CRSI average or significantly higher
than the average with Wisconsin and Michigan demonstrating
the highest CRSO scores (4.145 and 3.066, respectively). Most
East North Central states are characterized by average risk
to meteorological events with Illinois showing elevated risks
(0.335) and all states in the region showed significantly higher
than average governance scores. All states, except Indiana, have
average built environment scores and all states, except Wisconsin,
have average, or slightly below average society scores. Indiana’s
built environment score (0.360) is significantly below the national
average while Wisconsin’s society score (0.623) is significantly
above the national average. All East North Central states, except
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TABLE 2 | Regionalized CRSI scores and domain scores by region and state.

Region State Governance Risk Built Society Natural CRsSI
DOMAINS
Northeast 0.660 0.263 0.492 0.599 0.445 4.375
Connecticut 0.654 0.308 0.520 0.547 0.398 3.106
Maine 0.677 0.228 0.499 0.565 0.484 5.368
Massachusetts 0.602 0.311 0.557 0.601 0.447 3.802
New 0.670 0.250 0.519 0.596 0.421 4.448
Hampshire
Rhode Island 0.627 0.305 0.302 0.586 0.511 2.653
Vermont 0.708 0.223 0.450 0.671 0.417 5.102
Middle Atlantic 0.662 0.305 0.475 0.513 0.384 2.823
New Jersey 0.639 0.379 0.471 0.518 0.397 2.280
New York 0.665 0.276 0.469 0.521 0.381 3.103
Pennsylvania 0.667 0.307 0.481 0.503 0.383 2.733
East North Central 0.681 0.295 0.410 0.540 0.433 2.948
lllinois 0.662 0.338 0.414 0.515 0.489 2.708
Indiana 0.659 0.286 0.360 0.570 0.452 2.857
Michigan 0.705 0.258 0.412 0.492 0.418 3.066
Ohio 0.651 0.307 0.421 0.514 0.352 2.237
Wisconsin 0.746 0.279 0.457 0.623 0.441 4.145
West North Central 0.699 0.277 0.359 0.631 0.386 2.988
lowa 0.704 0.280 0.382 0.653 0.419 3.397
Kansas 0.698 0.291 0.332 0.651 0.369 2.595
Minnesota 0.772 0.289 0.389 0.735 0.442 4.345
Missouri 0.626 0.286 0.399 0.530 0.389 2.395
Nebraska 0.714 0.268 0.311 0.613 0.340 2.387
North Dakota 0.704 0.234 0.374 0.662 0.354 3.503
South Dakota 0.703 0.268 0.314 0.608 0.377 2.677
South Atlantic 0.477 0.323 0.363 0.465 0.400 1.321
Delaware 0.606 0.361 0.586 0.472 0.547 3.197
District of 0.610 0.470 0.402 0.506 0.200 0.721
Columbia
Florida 0.427 0.309 0.485 0.434 0.426 1.607
Georgia 0.442 0.300 0.282 0.420 0.395 0.846
Maryland 0.622 0.352 0.494 0.518 0.463 2.733
North 0.435 0.341 0.419 0.463 0.431 1.440
Carolina
South 0.462 0.319 0.393 0.437 0.420 1.347
Carolina
Virginia 0.520 0.351 0.331 0.548 0.378 1.482
West Virginia 0.555 0.293 0.324 0.435 0.328 1.104
East South Central 0.446 0.318 0.315 0.392 0.392 0.787
Alabama 0.335 0.303 0.408 0.385 0.397 0.901
Kentucky 0.534 0.307 0.255 0.388 0.371 0.642
Mississippi 0.494 0.308 0.337 0.382 0.444 1.1561
Tennessee 0.370 0.350 0.305 0.409 0.370 0.577
West South Central 0.581 0.306 0.388 0.472 0.417 1.895
Arkansas 0.533 0.302 0.393 0.451 0.445 1.865
Louisiana 0.570 0.372 0.430 0.479 0.457 1.914
Oklahoma 0.649 0.287 0.384 0.530 0.401 2.436
Texas 0.577 0.297 0.377 0.459 0.403 1.735
(Continued)
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TABLE 2 | Continued

Region State Governance Risk Built Society Natural CRsSI
Mountain 0.659 0.261 0.456 0.567 0.451 3.898
Arizona 0.613 0.280 0.710 0.458 0.410 3.997
Colorado 0.673 0.277 0.453 0.555 0.396 3.216
Idaho 0.666 0.233 0.423 0.545 0.537 4.873
Montana 0.676 0.231 0.381 0.638 0.402 4.090
Nevada 0.623 0.291 0.485 0.446 0.548 3.263
New Mexico 0.621 0.267 0.472 0.505 0.498 3.571
Utah 0.670 0.302 0.495 0.617 0.463 3.983
Wyoming 0.659 0.253 0.464 0.658 0.433 4.231
Pacific 0.602 0.256 0.556 0.478 0.503 10.034
Alaska 0.736 0.058 0.475 0.479 0.627 50.546
California 0.498 0.322 0.641 0.485 0.461 2.852
Hawaii 0.739 0.182 0.570 0.589 0.479 8.431
Oregon 0.618 0.278 0.499 0.465 0.517 3.561
Washington 0.648 0.259 0.524 0.465 0.485 4.044
Pacific w/o Alaska 0.580 0.288 0.568 0.478 0.483 2.375
United States 0.597 0.296 0.393 0.516 0.413 2.713
United States w/o 0.596 0.298 0.393 0.516 0.412 2.375

Alaska

Bold, Regional Scores; Built, Built Environment, Natural, Natural Environment.

Ohio (0.352), have natural environment scores higher than the
national average.

Meteorological risks in the East North Central region
(Figure4) are characterized by extreme high and low
temperatures (47% of events and well-above the national
average) and drought (32% of events but at the national average).
The region is exposed to five other types of meteorological
events—inland flooding (7%), high wind events (6%), landslides
(4%), hailstorms (3%), and earthquakes (3%). These five risk
exposures were at about the national average. Tornadoes and
wildfire exposures (<1%) were comparable to the national
average. These types of events result in lower than average loss
of life and physical property (1.4% of the loss in the East North
Central) although losses to agricultural and silvicultural lands, as
well as natural ecosystem, comprise about 98% of losses (equally
divided). Potential anthropogenic hazards existing near sites of
meteorological events are dominated by general toxic release
sites (e.g., industrial outflows) at 44% (slightly above the national
average), Superfund sites at 42% (slightly below the national
average) and nuclear facilities (11% at the national average).

The major contributors to the CRSI score in the East North
Central region are natural resource conservation contributions
to governance; demographic characteristics, economic diversity,
socio-economics, and social cohesion to society; the number of
vacant structures and general housing characteristics to the built
environment; and, the extent and condition of natural ecosystems
in the natural environment (Figure 5C).

Of the 437 counties in the East North Central region, the
top 5% of CRSI scores (scores = 4.75 to 6.00) were seen in
Wisconsin (20 counties), Michigan (3), and Illinois and Indiana
(1 each). Nearly 15% of counties in the East North Central region

have overall CRSI scores significantly below the national average
of 2.375 (excluding Alaska). The 5% of East North Central
counties with the lowest CRSI scores were largely seen in Ohio
(15 counties), with Illinois (6), Indiana (3) and Michigan (1)
comprising the remainder.

West North Central

The West North Central region of the United States is comprised
of seven states and is characterized an above average CRSI score
(2.988) (Table 2). All states in the West North Central region are
either near the national CRSI average or significantly higher than
the average with Minnesota and North Dakota demonstrating
the highest CRSO scores (4.345 and 3.503, respectively). Most
West North Central states are characterized by below average
risk to meteorological events with North Dakota characterized
by significantly below average risks (0.234). All states in the
region showed significantly higher than average governance
scores with Minnesota demonstrating the highest governance
score in the nation (0.772). In fact, five of the seven West North
Central states had governance scores >0.7. All states, except
Missouri, have below average built environment scores and all
West North Central states have slightly or significantly above
average society scores. Nebraska, South Dakota and Kansas had
society scores that are significantly below the national average
(0.311, 0.314, and 0.332, respectively) while Minnesota’s society
score (0.735) is the highest in the U.S. All West North Central
states, except Minnesota and Iowa, have natural environment
scores significantly lower than the national average.
Meteorological risks in the West North Central region
(Figure 4) are characterized by extreme high and low
temperatures (41% of events and slightly above the national
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average) and drought (36% of events but at the national average).
The region is exposed to five other types of meteorological
events—hailstorms (7%), inland flooding (7%), high wind
events (5%), landslides (1%), and earthquakes (1%). Of these
five risk exposures, hailstorms were at about twice the national
average while inland flooding and high wind events were at
about the national average and landslides and earthquakes were
significantly below the national average. Wildfires (0.12%) and
tornadoes (0.11%) were slightly above the national average.
These types of events result in about twice the national average
for loss of life and physical property (9% of the loss in the West
North Central) although losses to agricultural and silvicultural
lands, as well as natural ecosystem, comprise about 91% of losses
(49% for dual use lands and 42% for natural lands). Potential
anthropogenic hazards existing near sites of meteorological
events are dominated by Superfund sites (46%) being at about
the national average, general toxic release sites (e.g., industrial
outflows) at 41% (slightly above the national average) and
nuclear facilities (10% at the national average).

The major contributors to the CRSI score in the West North
Central region are natural resource conservation contributions
to governance; demographic characteristics, social cohesion,
health characteristics, economic diversity and socio-economics
to society; the number of vacant structures and general housing

characteristics to the built environment; and, the extent and
condition of natural ecosystems in the natural environment
(Figure 6A).

Of the 618 counties in the West North Central region, the
top 5% of CRSI scores (scores = 5.32 to 8.12) were seen in
Minnesota (14 counties), South and North Dakota (4 each), Iowa
(2) and Nebraska (1). Nearly 25% of counties in the West North
Central region have overall CRSI scores significantly below the
national average of 2.375 (excluding Alaska). The 5% of West
North Central counties with the lowest CRSI scores were largely
seen in Nebraska (15 counties), with South Dakota (6), Kansas
(2), and North Dakota and Missouri (1 each) comprising the

remainder.

South Atlantic
The South Atlantic region of the United States is comprised of

eight states and the District of Columbia and is characterized
by a significant below average CRSI score (1.321) (Table 2).
All states in the South Atlantic region are significantly below
the national average except for Delaware (3.179) with the
District of Columbia and Georgia displaying the lowest overall
CRSI scores (0.721 and 0.846, respectively). The South Atlantic
region has the highest risk to acute meteorological events
in the nation (0.323). All South Atlantic states, except West
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Virginia (0.293), are characterized by above to significantly
above average risk to meteorological events with the District
of Columbia and Delaware characterized by the highest risk
scores (0.470 and 0.361, respectively). All states in the region
showed significantly lower than average governance scores except
for Maryland, Delaware and the District of Columbia (ranging
between 0.610 and 0.622). Half of the eight South Atlantic
states had governance scores <0.5. States in the South Atlantic
region widely spanned the range of national built environment
scores with four states (Delaware, Florida, Maryland, and North
Carolina) and the District of Columbia being significantly above
the average, one state (South Carolina) being at about the
average and three states (Georgia, Virginia, and West Virginia)
being significantly below the average. All South Atlantic states,
except Virginia and Maryland, had society scores well-below the
national average. Most South Atlantic states (Delaware, Florida,
Maryland, North Carolina, and South Carolina) were either at
or above the national average for their natural environment
scores. The District of Columbia demonstrated the lowest natural
environment score (0.200) while Georgia, Virginia and West
Virginia have natural environment scores significantly below the
national average.

Meteorological risks in the South Atlantic region (Figure 4)
are characterized by extreme high and low temperatures (35%

of events and slightly below the national average) and drought
(35% of events but at the national average). The region is
exposed to six other types of meteorological events — landslides
(10%), inland flooding (7%), high wing events (6%), hurricanes
(3%), hailstorms (3%), and coastal flooding (1%). Of these six
risk exposures, landslides were about 50% above the national
average while coastal and inland flooding as well as high
wind events were at about the national average. Hurricanes
were three times more prevalent than the national average
while hailstorms were at about half the national average.
Earthquakes (0.70%) were about 30% of the national average
while wildfires (0.18%) were twice the national average. These
types of events result in minimal loss of life and physical
property (1% of the loss in the South Atlantic) although losses to
agricultural and silvicultural lands, as well as natural ecosystem,
comprise about 99% of losses (equitably distributed). Potential
anthropogenic hazards existing near sites of meteorological
events are dominated by general toxic release sites (e.g.,
industrial outflows) at 48% (significantly above the national
average) Superfund sites (36%) being significantly below the
national average, and nuclear facilities (10% at the national
average).

The major contributors to the CRSI score in the South Atlantic
region are natural resource conservation and community
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preparedness contributions to governance; demographic
characteristics, economic diversity, socio-economics, social
cohesion, and health characteristics to society; the number of
vacant structures and general housing characteristics to the
built environment; and, the extent and condition of natural
ecosystems in the natural environment (Figure 6B).

Of the 588 counties in the South Atlantic region, the top 5%
of CRSI scores (scores = 3.10 to 4.8) were seen in Virginia (10
counties), Maryland (9), West Virginia (2) and Florida, Delaware,
and North Carolina (1 each). Over 50% of counties in the South
Atlantic region have overall CRSI scores significantly below the
national average of 2.375. The 5% of South Atlantic counties with
the lowest CRSI scores were largely seen in Virginia (16 counties),

Georgia (8) and West Virginia (1).

East South Central
The East South Central region of the United States is comprised

of four states and is characterized by the lowest overall CRSI
score (0.787) (Table2). All states in the East South Central
region are significantly below the national average with only
Mississippi showing an overall CRSI score >1.0 (1.151). The
East South Central region has the second highest risk to acute
meteorological events in the nation (0.318) and the lowest
national governance domain score (0.446) with half the states

(Alabama and Tennessee) having scores <0.4. States in the East
South Central region has the lowest built environment score in
the nation (0.315) with three of its states (Kentucky, Mississippi,
and Tennessee) with significantly lower than the national average
built environment scores. The East South Central region has
the lowest society score in the nation (0.392) with all four
states significantly below the national average. Most East South
Central states (Alabama, Kentucky and Tennessee) were below
the national average for their natural environment scores.
Meteorological risks in the East South Central region
(Figure4) are characterized by extreme high and low
temperatures (37% of events and slightly below the national
average) and drought (33% of events but at the national average).
The region is exposed to seven other types of meteorological
events—landslides (8%), inland flooding (7%), high wing events
(6%), earthquakes (5%), hailstorms (2%), hurricanes (2%), and
tornadoes (0.3%). Of these seven risk exposures, landslides,
and high wind events were slightly above the national average
while inland flooding events were at about the national average.
Hurricanes were three times more prevalent than the national
average while hailstorms were at about half the national average.
Earthquakes (0.70%) and hailstorms (2%) were about 50% above
and 50% below the national averages, respectively. Hurricanes
were twice as prevalent in the East South Central region and
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wildfires were about three times more prevalent. These types of
events resulted in about a 50% higher prevalence of loss of life and
physical property (6% of the loss in the South Atlantic) than that
seen for the nation, while losses to agricultural and silvicultural
lands, as well as natural ecosystems, comprise about 94% of
losses (equitably distributed). Potential anthropogenic hazards
existing near sites of meteorological events are dominated by
general toxic release sites (e.g., industrial outflows) at 47%
(significantly above the national average), Superfund sites (32%)
being significantly below the national average, and nuclear
facilities (18% at roughly twice the national average).

The major contributors to the CRSI score in the East South
Central region are natural resource conservation, community
preparedness, and personal preparedness contributions to
governance; demographic characteristics, social cohesion,
economic diversity and socio-economics to society; general
housing characteristics and the number of vacant structures to
the built environment; and, the extent and condition of natural
ecosystems in the natural environment (Figure 6C).

Of the 364 counties in the East South Central region, all
but two counties were significantly below the national average.
The only two counties with overall CRSI scores equal to the
national average are in Kentucky and Mississippi. Nearly 10% of
the counties in this region have negative CRSI scores with the
lowest scores being in Kentucky (21 counties), and Tennessee and
Mississippi (2 each). Ninety-nine percent of counties in the East
South Central region have overall CRSI scores significantly below
the national average of 2.375.

West South Central

The West South Central region of the United States is comprised
of four states and is characterized by an overall CRSI score
(1.895) that is significantly below the national average (Table 2).
Seventy-five percent of the states in the West South Central
region (Arkansas, Louisiana, and Texas) are significantly below
the national average with only Oklahoma showing an overall
CRSI score >2.0 (2.436). The risk of acute meteorological events
in the West South Central region is about average (0.306) and the
regional governance score is also about at the national average.
The West South Central region has an average built environment
score in the nation (0.388) with only Texas being significantly
below the national average. The West South Central region
has a below average society score (0.497) with only one state
(Oklahoma) being slightly above the national average. All West
South Central states were about at the national average for their
natural environment scores.

Meteorological risks in the West South Central region
(Figure4) are characterized by extreme high and low
temperatures (37% of events and slightly below the national
average) and drought (33% of events but at the national average).
The region is exposed to eight other types of meteorological
events — inland flooding (7%), high wind events (5%), hailstorms
(4%), hurricanes (4%), landslides (2%), earthquakes (2%), coastal
flooding (1%), and wildfire exposure (0.2%). Of these eight risk
exposures, inland flooding, high wind events and hailstorms
occurred at about the national average while hurricanes occurred
at about four times the national average, wildfires occurred at

twice the national average and coastal flooding happened at
about 25% above the national average. Earthquakes (2%) and
landslides (2%) were about 50% below the national averages.
These types of events resulted in about a 50% higher prevalence
of loss of life and physical property (6% of the loss in the West
South Central) than that seen for the nation, while losses to
agricultural and silvicultural lands, as well as natural ecosystems,
comprised about 94% of losses (with most of these losses
observed in dual benefit lands, 54% and the reminder in natural
lands, 40%). Potential anthropogenic hazards existing near sites
of meteorological events are dominated by Superfund sites (47%,
about the national average), general toxic release sites (e.g.,
industrial outflows) at 33% (about the national average) and
nuclear facilities (17%, at roughly twice the national average).

The major contributors to the CRSI score in the West South
Central region are natural resource conservation contributions
to governance; demographic characteristics, social cohesion and
socio-economics to society; general housing characteristics and
the number of vacant structures to the built environment; and,
the extent and condition of natural ecosystems in the natural
environment (Figure 7A).

Of the 470 counties in the West South Central region, the top
5% of CRSI scores (scores = 3.41-5.72) were seen in Texas (15
counties), Oklahoma (7), Arkansas (2), and Louisiana (1). Nearly
50% of counties in the West South Central region have overall
CRSI scores significantly below the national average of 2.375.
The 5% of West South Central counties with the lowest CRSI
scores were seen almost completely in Texas (24 counties) with
one county in Oklahoma.

Mountain

The Mountain region of the United States is comprised of eight
states and is characterized by the overall CRSI score (3.898)
that is among the highest in the nation (Table 2). All the states
in the Mountain region are significantly above the national
average with three states (Idaho, Montana and Wyoming) with
overall CRSI scores >4.0. The risk of acute meteorological
events in the Mountain region is less than average (0.261) and
the regional governance score is significantly greater than the
national average. The Mountain region has a significantly above
average built environment score (0.456) with Arizona having
the highest score in the U.S. (0.710) and only Montana being
slightly below the national average. The Mountain region has a
significantly above average society score (0.567) with only one
state (Arizona) being significantly below the national average.
All Mountain states were at or significantly above the national
average for their natural environment scores.

Meteorological risks in the Mountain region (Figure 4) are
characterized by drought (38%) that is significantly higher than
the national average and extreme high and low temperatures
(32% of events and significantly below the national average).
The region is exposed to seven other types of meteorological
events—landslides (8%), earthquakes (8%), inland flooding (6%),
hailstorms (3%), high wind events (3%), wildfires (1%), and
tornadoes (0.1%). Of these seven risk exposures, wildfires
exposure is about ten times the national average and earthquake
exposure is about 2.5 times the national average. Landslide
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occurrences are at about 30% above the national average and high
wind events are about 50% below the national average. Exposures
to inland flooding, hailstorms and tornadoes occur at about the
national average. These types of events resulted in about a 300%
higher prevalence of loss of life and physical property (14% of the
loss in the Mountain) than that seen for the nation, while losses to
agricultural and silvicultural lands, as well as natural ecosystems,
comprised about 86% of losses (equitably distributed between
dual benefit and natural lands). Potential anthropogenic hazards
existing near sites of meteorological events are dominated by
Superfund sites (47%, about the national average), general toxic
release sites (e.g., industrial outflows) at 27% (somewhat less than
the national average) and nuclear facilities (25%, at roughly 2.5
times the national average).

The major contributors to the CRSI score in the Mountain
region are natural resource conservation contributions
to  governance; health  characteristics,  demographic
characteristics and socio-economics to society; the number
of vacant structures and general housing characteristics to the
built environment; and, the extent of natural ecosystems in the
natural environment (Figure 7B).

Of the 281 counties in the Mountain region, the top 10%
of CRSI scores (scores = 6.59-14.60) were seen in Montana (9
counties), Idaho (9), Colorado (2), New Mexico (2), Wyoming
(2), and Utah (1). Three counties in this region have overall CRSI
scores that are >10.0. Nearly 20% of counties in the Mountain
region have overall CRSI scores significantly below the national
average of 2.375. The 10% of Mountain counties with the lowest
CRSI scores were seen in Colorado (9), Montana (8), New Mexico
(3), Idaho (3) and Wyoming (1).

Pacific

The Pacific region of the United States is comprised of five states
and is characterized by the overall CRSI score (10.034 with Alaska
and 3.576 without Alaska) that is among the highest in the nation
(Table 2). All the states in the Pacific region are significantly
above the national average with three states (Alaska, Hawaii, and
Washington) with overall CRSI scores >4.0. The risk of acute
meteorological events in the Pacific region is less than average
(0.256) with Alaska having a risk score of <0.1. Almost half of
the boroughs in Alaska have insufficient data to complete CRSO
scoring but including the counties with adequate data shows very
low risk (0.058) and very high governance (0.736). CRSI does not
include chronic, long-term climate changes like sea-level rise and
Alaskan topography minimizes coastal flooding and high winds
events. The regional governance score including Alaska (0.602)
is significantly greater than the national average but excluding
Alaska reduces the score to 0.580 which is slightly lower than
the national average. The Pacific region has a significantly above
average built environment score (0.556 with Alaska and 0.568
without Alaska) with California having among highest scores in
the U.S. (0.641) and no states being at or below the national
average. The Pacific region has a slightly below average society
score (0.478 with or without Alaska) with only one state (Hawaii)
being significantly below the national average. All Pacific states
were significantly above the national average for their natural

environment scores with Alaska having the highest score in the
nation (0.627) and Oregon having a score of 0.517.

Meteorological risks in the Pacific region (Figure4) are
characterized by drought (31%) that is about at the national
average, earthquakes (22%) that are seven times the national
average and extreme high and low temperatures (28% of events
and significantly below the national average). The region is
exposed to three other types of meteorological events—landslides
(9%), inland flooding (7%), hailstorms (3%), and wildfires (1%).
Of these three risk exposures, wildfires exposure is about twelve
times the national average and landslide exposure is about 50%
above the national average. Exposures to inland flooding occur
at about the national average. These types of events resulted in
about a five times higher prevalence of loss of life and physical
property (21% of the loss in the Pacific) than that seen for the
nation, while losses to agricultural and silvicultural lands, as well
as natural ecosystems, comprised about 78% of losses (equitably
distributed between dual benefit and natural lands). Potential
anthropogenic hazards existing near sites of meteorological
events are dominated by Superfund sites (47%, about the national
average), general toxic release sites (e.g., industrial outflows) at
32% (somewhat less than the national average), RCRA exposure
at 11% (about twice the national average) and nuclear facilities at
11% (at the national average).

The major contributors to the CRSI score in the Pacific region
are natural resource conservation contributions to governance;
demographic characteristics, health characteristics and economic
diversity to society; the number of vacant structures and general
housing characteristics to the built environment; and, the extent
of natural ecosystems in the natural environment (Figure 7C).

Of the 160 counties in the Pacific region, the top 10% of
CRSI scores (scores = 8.89 to 148.07) were seen in Alaska (20
boroughs), Hawaii (4 counties) and Washington (1). Twenty-one
boroughs/counties in this region have overall CRSI scores that
are >10.0. Nearly 25% of counties in the region have overall CRSI
scores significantly below the national average of 2.375. The 10%
of counties with the lowest CRSI scores were seen in California
(16), Oregon (6), Washington (2) and Hawaii (1).

DISCUSSION

The results for the regionalization of CRSI can be used for
capacity building regardless of CRSI score. The domain and
indicator scores, as well as the polar plots, can be used to identify
areas where improvements can be made to enhance overall
resilience. The only domain in CRSI that cannot be improved
per se is the risk domain. This domain is driven by historical
observations relating to the tracked meteorological events. If
CRSI included long-term climate events, then perhaps human
activities could be developed to minimize long-term change
which could impact the risk domain of CRSI (Rahmstorf, 2007;
Nichols and Cazenave, 2010; Sweet et al., 2017). The remaining
CRSI domains—governance, society, built environment, and
natural environment—are driven by indicators and metrics
that can be modified to improve resilience to acute climate
events.
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In the New England region, general CRSI scores are high
(>3.8) and well-above the national average. However, one state
in this region has an overall CRSI score below the regional
average—Rhode Island with a CRSI score of 2.653. Rhode Island
has suffered from multiple coastal and inland flooding events,
winter storms, Superstorm Sandy, and Tropical Storm Irene in
the last decade. An evaluation of the New England region, using
the polar plot of indicator contribution to domains, show that
increases in community preparedness and personal preparedness
would enhance regional governance. Enhancements of labor-
trade services, safety and security and social cohesion would
enhance the society modifier. Improvements in infrastructure
would enhance the built environment modifier and increases
in natural ecosystem extents and condition would alter the
natural environment modifier. Our review of the domain scores
for Rhode Island suggest the area for greatest improvement
could be in the domain representing the built environment
where the Rhode Island score (0.320) is significantly below
the national average and hence reducing the state’s CRSI
score.

Recently, Rhode Island drafted a new statewide climate
resilience action strategy (RI-STAB, 2018). The results of the
Rhode Island CRSI data were provided to a member the Rhode
Island Science and Technical Advisory Board. These results
targeted a lower overall CRSI score likely driven by lower built
environment scores characterized by critical infrastructure and
utilities and building characteristics and average governance
scores (lower than most of New England) representing potential
issues with emergency preparedness as well as emergency
shelters and services. Like the CRSI approach, the Rhode
Island Strategy defines climate resilience as “the capacity of
individuals, institutions, businesses and natural systems within
Rhode Island to survive, adapt, and grow regardless of chronic
stresses and weather events they experience” (RI-STAB, 2018,
p. 3). Also, like the CRSI results, Rhode Island recognizes
that it primary acute meteorological risk events are extreme
cold and heat, droughts, and extreme rainfall and flooding.
The new strategy addresses built environment issues to reduce
vulnerability and improve infrastructure for drinking water
and wastewater systems; dam and storm-water systems; power
grid and fuel supply issues; and transportation. Realizing the
importance of natural systems for community resilience, Rhode
Island (already with the highest natural environment domain
scores in New England) is planning to increase its efforts to
protect and conserve its coastal and inland natural systems.
Rhode Island is already experiencing the effects of coastal
flooding on buildings, infrastructure, evacuation shelters, and
emergency services. The new strategy plan targets enhancements
to address these issues. Realization of the actions and activities
planned in the new Rhode Island strategy should increase its
overall CRSI score to levels similar to other New England
states.

The Middle Atlantic state with the lowest overall CRSI score
(New Jersey-—2.28) is characterized by the highest risk factors
to acute weather events (0.379) which is 20-40% higher than
the other states in the region. These events include coastal
and inland flooding, Superstorm Sandy, and a variety of high

temperature and low temperature events. Because it cannot
impact its risk to these events, New Jersey can do little to increase
its overall CRSI score other than improve its already above-
average governance and built environment scores and average
society and natural environment scores. New Jersey Governor’s
Office of Recovery Rebuilding (2018) is actively developing
plans to modify risks by developing governance associated
with flood rebuilding standards, and the state’s Department
of Community Affairs ((NJDCA), 2018) has provided grants
post-Sandy to enable development of strategic recovery plans
and practices to facilitate smart and efficient rebuilding
processes at the local level. Similarly, New Jerseys Office of
Emergency Management (NJOEM, 2018) is identifying resiliency
opportunities to modify the locations and characteristics of
critical infrastructures including drinking water, wastewater,
transportation, transit, energy, and communication systems.
These infrastructure issues were observed as potential areas of
improvement for the Middle Atlantic Region through CRSI
analyses.

However, the greatest potential area of improvement for
the overall New Jersey CRSI score would be enhancement
of ecosystem type extent, and condition. For example,
only 31 miles of New Jersey’s 130 miles of shoreline
are undeveloped (Headland, 2017; Stockton and Hafner,
2018). While some Post-Sandy activities in New Jersey
seem to be addressing these resilience enhancements
(NJOCM, 2010), few major efforts seem to be occurring
in this area. Small efforts like dune reconstruction and
vegetation planting are being undertaken, but no larger
efforts directed at natural shoreline stabilization, wetland
protection, and ecosystem condition improvements are
included.

In the South Atlantic region, both Georgia and the District
of Columbia displayed overall CRSI scores of less than one. The
District of Columbia is characterized by high risk (0.470, nearly
50% above the US average) and is prone to frequent inland
and coastal flooding (flash flooding, river flooding, tropical
systems, dam breaks, and heavy snow melts). The District of
Columbia showed a very low Natural Environment domain score
(0.200) compared to the national average of 0.413. Enhancing
the natural environment might be difficult for the District as it
is surrounded on multiple sides by the Potomac and Anacostia
Rivers and is characterized by extensive areas of impervious
surface. Minimizing impervious surfaces and maximizing the
conservation and re-development of riparian corridors, wetlands,
and greenspaces are likely the areas where improvements would
be anticipated to enhance the Districts CRSI score. Similar
improvements in infrastructure (e.g., transportation and water
systems) would enhance the District’s already above average built
environment domain score.

On the other hand, Georgia (CRSI score of 0.846) has
an average risk score but below average domain scores for
governance, built environment, society and natural environment.
Improvement in any of these domains would increase Georgia’s
CRSI score. Georgias risks can be easily characterized by
inland flooding, high wind events, hailstorms and tornadoes
((NWS), 2018). Governance improvements in the South Atlantic
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region could focus more on holistic and catchment-oriented
flood risk management rather than the emphasis on structure
measures and construction which have dominated the past.
Similar efforts in Germany have shown some success in reducing
the adverse consequences of flooding for human health, the
environment, cultural heritage and economic activity (Heintz
et al, 2012). Georgia has a few large urban centers with
diverse work forces where flooding occurs regularly. However,
much of Georgia is comprised of small communities and
counties where labor and trade services are not diverse and
rebuilding after a meteorological event (e.g., tornado, flood)
can be very difficult without construction labor pools. Creating
enticements to develop these labor pools even if shared by
several proximal counties would increase the CRSI scores of
these counties. Finally, improvements in housing characteristics
through upgrading building codes and reducing the number of
vacant structures should increase a presently very low building
environment domain score for Georgia (0.282). Homes and
businesses throughout Georgia and the South Atlantic region
would benefit from enhanced building codes and standard
resulting in increased resilience (FEMA, 2017a). Georgias
neighboring state, Florida, has demonstrated how to enhance its
building code to create greater resilience to storm events (PDH
Academy, 2017). Florida building codes change in response to
new technology and knowledge about weather events. Codes
affecting the built environment should be modified or updated
in response to changes in technology and procedures, growing
and maturing with the times. With the increased storm activity
of 2017, recently updated building codes guided by storms of the
past were put to the test and demonstrated Florida community’s
enhanced resilience. These codes utilized more information
about code strengths and weaknesses, building practices, and new
building materials that helped homes and commercial properties
withstand weather events.

California demonstrates an above average risk domain
(0.322) dominated by drought and temperature extremes. The
increased incidence of wildfires (10 times the national average),
earthquakes (7 times the national average) and landslides (50%
above the national average) contribute to a major portion of
human life and dollar losses resulting from acute meteorological
events. According to CRSI domain scores, California has the
lowest governance domain score in the Pacific region (0.498);
this is significantly below the national average and 50-75%
below the remaining states in the region. While having among
the highest built environment scores in the nation, California
has increased building code requirements to withstand at least
minimal to moderate earthquake impacts. California’s seismic
construction requirements are designed to protect the lives of
those inside. But even with the most modern codes, building to

the state’s minimum requirements still leave some new buildings
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