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ABSTRACT

ARTICLE HISTORY

In response to increasingly frequent and severe flooding events,
tracking the explanatory elements of integrative planning effort
can provide useful assessment of initiatives that foster improved
community disaster resiliency. In this research, we address the
effect of local hazard mitigation plan quality on mitigating
disaster risk with an emphasis on the relationship between plan
quality and community resilience. Using content analysis and
principles of plan quality metrics, we evaluate local hazard
mitigation plans to determine how well they support disaster risk
reduction. Analytically, these metrics and relevant controls were
incorporated into both a log-linear two-stage least squares model
and a quantile regression model to explain flood loss at the
county level for the US Mississippi River Basin. Findings suggest
that better plan quality and high levels of community resilience
result in reducing disaster losses.
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1. Introduction
Natural hazards can have overwhelming short- and long-term impacts on natural and built
environments, ultimately affecting local communities and their social and economic conditions. During the recent past, there have been numerous examples of natural disasters
that underscore the fact that communities and people are increasingly becoming more
vulnerable to natural hazards. Climate change and its effect on increasing frequency
and severity of weather-related events combined with the potential exposure that can
result in massive losses suggests that our communities are not resilient enough to
natural disasters.
As part of social and economic conditions at the local level, planning and public policy
components are associated with disaster preparedness and mitigation in the disaster management cycle. Several studies (e.g. Baynham & Stevens, 2014; Berke, Cooper, Aminto,
Grabich, & Horney, 2014a; Berke, Lyles, & Smith, 2014b; Burby, 2005; Jun & Conroy,
2014; Lyles, Berke, & Smith, 2014b; Nelson & French, 2002; Stevens & Shoubridge, 2015)
claim that careful attention to natural hazards in the preparation of local comprehensive
plans can result in disaster risk reduction thus enhancing community resilience or
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sustainability, improving adaption to climate change and assisting with the rebuilding of
communities after disaster strikes.
Communities with high-quality local hazard mitigation plans and more rigorous hazard mitigation measures (e.g. structural mitigation or non-structural mitigation programs) can be linked
to resilient and sustainable community development (Jun & Conroy, 2014). This approach is
supported by Kapucu, Hawkins, and Rivera (2013, p. 5) when they state that ‘ … planning
can reduce vulnerability through targeted emergency management plans or through
broader comprehensive plans that incorporate disaster preparation and response elements.’
Most studies related to plan quality measures (e.g. Berke, Smith, & Lyles, 2012; Brody,
2003a; Horney, Salvesen, Dwyer, Cooer, & Berke, 2017; Lyles et al., 2014b; Lyles, Berke, &
Smith, 2016; Stevens & Shoubridge, 2015) focused on state planning mandates, state or
local hazard mitigation plan quality measures, the ability to integrate hazard mitigation
with local land use planning, and the influence of state-level plan quality in local plan
quality. These provide useful findings upon which to base public policy responses to
natural disasters intent on plan-making that results in more disaster resilient communities.
That said, few studies have been conducted on the effect of local natural hazard mitigation plan quality and community capacity characteristics by incorporating quantitative
metrics and qualitative evaluations of mitigation plans. Further, there has been little
empirical research on the role of community resilience in inland flood-prone areas like
the US Mississippi River Basin. In this study, we attempt to fill the void by incorporating
a qualitative evaluation of quality in local natural hazard mitigation plans with quantitative
metrics of community resiliency to better understand appropriate community responses
to natural disasters. Our approach extends previous works (e.g. Cutter, 2016; Cutter,
Ash, & Emrich, 2014; Davies, Robinson, & Ericksen, 2015; Highfield, Peacock, & Zandt,
2014; Miles, 2015; Ross & Berkes, 2014) by incorporating tacit stages of planning effort,
social and ecological conditions, and community resilience outcomes.
In this study, we examined the role of hazard mitigation plan quality in risk reduction
and the relationship between plan quality measures and community resilience. Using
content analysis and previous principles of plan quality measures, we evaluated the
local hazard mitigation plans of 160 counties within the US Mississippi River Basin to determine how well they supported disaster risk reduction. Analytically, these metrics and relevant controls were incorporated into both a log-linear two-stage least squares (2SLS)
model and a quantile regression model to explain flood loss at the county level.
Following this introduction, the manuscript is organized into four subsequent sections.
First, we outline the relevant literature on plan quality and community resiliency to natural
disasters. Next, we outline our analytical approach and data used in the empirical models.
This is followed by a discussion of modeling results that underscore the importance of plan
quality in the development of resilient communities. Finally, we conclude with a summary
of this work, study limitations, relevant policy implications, and future research needs.

2. Plan quality evaluation and community resilience to natural disasters
2.1. Plan quality measures
Recently, studies on plan quality and evaluation have been conceptualized and systematized by several researchers (e.g. Berke, 1994; Berke & French, 1994) who have evaluated
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comprehensive plans related to natural disasters. With an emphasis on the characteristics
of plan quality suggested by Kaiser, Godschalk, and Chaplin (1995), these scholars identified three elements of plan quality: (1) fact basis, (2) goals and objectives, and (3) policies,
tools, and strategies.
Fact basis draws implications from the existing and emerging local status and identifies
needs in the context of a community’s physical development. Goals and objectives represent general aspirations, problem alleviation, and needs that are premised on shared
local values. Policies, tools, and strategies, including actions, serve as a general guide for
decisions about the location, density, type, and timing of public and private development
to assure that plan goals are achieved. Furthermore, based on the above three components of plan quality, researchers have developed a coding protocol which incorporates
hazard mitigation measurement into these components.
Identifying whether state mandates result in a high plan quality related to natural
hazard mitigation, Berke and French (1994) and Burby, French, and Nelson (1998)
suggested that state mandates in natural hazard mitigation can positively enhance local
plan quality. By examining the relationship between plan quality and planning use in
guiding local government development decisions, Berke and French (1994, p. 238)
stated that ‘ … the highest quality plans are characterized by the degree to which fact
basis defines local needs, goals are clear and comprehensive in demonstrating commitment to address needs, and policies are specific and action-oriented in achieving plan
goals.’
In addition to the three components for plan quality evaluation, studies have included
other elements such as intergovernmental relations (Berke, 1994; Burby et al., 1998), local
commitment (Norton, 2005), and citizen participation (Brody, 2003a). By evaluating
environmental plan quality, Brody (2003b) documented the extent to which local comprehensive plans can incorporate ecosystem management principles. The additional components encompassed inter-organizational coordination and capabilities and
implementation. While inter-organizational coordination and capabilities refers to the
ability of a local government to collaborate with other jurisdictions or organizations
(Brody, 2003c), implementation indicates designation of responsibility, a timeline of
action, plan updates, monitoring of resource condition, and policy achievement (Berke
et al., 2012; Brody, 2003c).

2.2. Interlinkages of plan quality and community resilience
In general, resilience can represent the capacity of individuals or communities to deal with
external perturbations (i.e. disturbances and stresses) because of social, political, and ecological change (e.g. Manyena, O’Brien, O’Keefe, & Rose, 2011; National Research Council,
2012; Norris, Stevens, Pfefferbaum, Wyche, & Pfefferbaum, 2008; Peacock, Zandt, Henry,
Grover, & Highfield, 2012; Yoo & Yeo, 2016). Based on the four dimensions of networked
capacities (i.e. economic development, social capital, information and communication, and
community competence), Norris et al. (2008) and Sherrieb, Norris, and Galea (2010, p. 228)
demonstrated community resilience is associated with ‘ability to bounce back from severe
stress.’ Similarly, with the concept of integration of inherent resilience (existing conditions)
and adaptive resilience (process and outcomes), Cutter (2016, p. 742) defined disaster resilience as ‘ … the ability to prepare and plan for, absorb, recover from or more successfully
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adapt to actual or potential adverse events.’ Disaster resilience is closely associated with
the ability of communities to bounce back from the results of disasters that include
issues associated with the availability of clean drinking water, sanitation, rehabilitating
damaged real estate, and population (Beatley, 2009).
As suggested by numerous studies (e.g. Beatley, 2009; Berke et al., 2014b; Berke et al.,
2015; Burby et al., 1998; Cutter, 2016; Nelson & French, 2002), planning and public policy,
as an important local resilience factor, involves the extent to which the community has
local emergency management plans, land use planning, development regulations, building standards, property acquisition, critical public facilities, and taxation information.
Responding to the crucial role of planning and public policy in community disaster risk
reduction and resilience, Wang (2012, p.120) argued that since ‘ … planning is both a
tool and a predictive take … ’ disaster management or planning can provide ‘ … access
to decrease future uncertainties.’ More specifically, high-quality plans are a function of
community resilience and community resilience can be a result of high-quality plans.
These efforts have established a consensus of the characteristics of plan quality that
most affect local government decisions, and thus are most likely to achieve plan
implementation (Smith & Glavovic, 2014; Stevens & Shoubridge, 2015). In other words,
having a high-quality natural hazard plan, particularly in disaster-prone areas, can lead
to lower vulnerability and higher social and economic resilience.
In integrating social and ecological planning (or environmental planning) to alleviate
negative effects on the disaster-prone social or ecological conditions, new strategies
encompassing these principles that incorporate long-term planning and implementation,
land use, and structural and non-structural designs are necessary. The practice of disaster
resilience planning can improve local responses to natural disasters in the future and
promote tools and strategies that enhance continued resilience. Therefore, it is important
for local communities (and their decision-makers) implementing hazard mitigation plans,
climate adaptation plans, and disaster resilience plans and ‘strengthening participatory
planning and development capacity’ to recognize the principles of community resilience
and pursue specific tools and techniques for enhancing and strengthening responses to
natural disasters (Khailani & Perera, 2013, p. 615).

3. Research design and methods
3.1. Analytical framework, sample selection, and data sources
Based on the literature review, an analytical framework was developed to address both
qualitative and quantitative research needs upon which to make an assessment of local
hazard mitigation plan quality measures and community resilience. This framework
included two phases that involved (1) evaluating local hazard mitigation plan quality
within disaster-prone counties damaged by flood events across the Mississippi River
Basin over the last 20 years (from 1990 to 2009) and (2) examining the effectiveness of
plan quality and community capacity in mitigating flood losses.
As illustrated in Figure 1, the first phase of plan quality metrics identified 1266 counties
with significant flood experience as demarked by presidential disaster declarations (PDD)
due to flood losses within the Mississippi River Basin over the last 20 years. The Mississippi
River Basin includes four major watersheds and involves roughly 1600 counties in 24 US
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states located within the mid-continent of North America. According to Peterson et al.’s
(2013) study on the number of flood events that caused at least $50,000 in damages to
property and crops from 1990 to 2009, the Mississippi River Basin experienced approximately 40% of the overall flood events in the US During that period, the 1993 floods
within the Missouri and Mississippi River systems caused an ‘ … estimated US$16 billion
in damage and cost the federal government about US$5.5 billion’ (Daniels, 2014, p. 389).
Among these flood-prone counties, we reselected 507 counties with severe flood losses
in response to the calculation of a flood risk index by comparing decennial data between
the 1990s and the 2000s. The selected 507 counties are particularly interesting for the
investigation of flood impacts on local social and economic status and in examining
factors contributing to community resilience. In order to measure the risk index, we
adopted the equation, Risk = Vulnerability + Exposure. As part of disaster exposure attributes, we used ‘flood duration and flood damage severity.’ The flood duration was calculated by days affected by the flooding during the study period and flood damage severity
was measured by 11 levels (from 1 to 11) in accordance with each county’s flood damage
level divided by total damage. For the vulnerability index, we used equal weighted and
min–max transformation as normalized scaling methods with the 20 selected factors (variables) among a total of 26 variables as depicted in Table 1.
For human and social capital characteristics, Civic, Voter, Moving in, Language, Bachelor,
White, Age, Female, and Health access were selected. Economic and housing and environmental and geographical characteristic variables we selected included Poverty, Homeownership, Per capita income, Housing age, Employ, Mobile home, Economic diversity,
Resilient industry, and Residential. For planning effort characteristics, we selected Mitigation
plan and Storm-ready variables.
Among these counties, reconsidering the ability of obtaining local hazard mitigation
plan documents from official local government websites, we finally selected 160 counties
in 17 states across the Mississippi River Basin (see Figure 2). All local hazard mitigation
plans were adopted between 2005 and 2014. Unlike random sample selection methods

Counties in Mississippi River Basin
Flooding experience and PDD from 1990 to
2009
1,266 counties in 22 states
Risk index in 2000s > Risk index 1990s

507 counties
Having local hazard mitigation plan
160 counties in 17 states

Figure 1. Sample selection for plan quality measure.
Note: PDD indicates Presidential Disaster Declaration.
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Table 1. Concept metrics, definitions, data sources, and descriptive statistics (n = 160).
Variable name

Definition /measurement

Planning effort variables (PECi)
Non-structural hazard mitigation principles
PQF
Fact base score
PQG
Goals score
PQP
Policies score
PQC
Coordination score
PQI
Implementation score
Population covered by multi-hazard
Mitigation
plan
approved mitigation plan (1,000
person)
Storm-ready Population in Storm-ready counties
(1000 person)
Structural hazard mitigation policy
Levee
Levee length (mile)
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Dam

Storage of Dams (1,000Acre-feet)

Human and social capital variables (HSCi)
Civic
Civic organizations per 10,000
population
Voter
Voter turnout (%)
Moving in
Year householder moved into unit (%)
Language
Language other than English (%)
Bachelor
Bachelor degree and over (%)
White
White (%)
Age
65-year old and over (%)
Female
Female householder (%)
Health
Total physicians per 10,000 population
access
Economic and housing variables (EHCi)
Poverty
Poverty rate (%)
Homeowner
Owner-occupied housing (%)
Per capita
Per capita income (1,000 US$)
income
Housing age Year housing structure built (%)
Employ
Employment rate (%)
Housing
Median housing value (1,000 US$)
value
Mobile home Mobile home (%)
Economic
Farming, fishing, forestry industry (%)
diversity
Resilient
Disaster-resilient industry (%)
industry
Environmental and geographical variables (EGCi)
Residential
Residential area (%)
Precipitation

Number of times precipitation exceeded
the 75 percentile
Urban
Population covered by urban
influence
characteristics (1,000 person)
Disaster losses variable (DLi)
Average flood losses (1,000,000US$)
Disaster
losses a
a

Data source

Mean

SD

Range

Local hazard mitigation
plan

2.15
2.11
1.66
1.71
1.64
55.01

0.44
0.83
0.88
1.06
0.77
161.26

1.16–2.66
0–2.66
0.01–2.66
0.25–2.66
0.78–2.65
0–1332.03

37.74

155.91

0–1332.03

National Levee
Database
National inventory of
dams

2.88

7.86

0–44.30

8.58

41.33

0–408.80

County Business Pattern

15.25

9.38

4.35–88.65

Dave Leip’s Atlas of
presidential elections
US Census Bureau

43.62

6.56

27.08–69.08

57.32
4.76
15.36
88.14
15.37
10.01
12.18

7.46
3.70
6.32
13.63
3.64
3.73
11.25

42.8–77.60
0.70–25.1
6.30–42.70
39.20–99.10
6.20–26.80
4.30–25.10
0–66.32

US Census Bureau

13.53
74.84
28.37

6.11
6.91
4.31

3.40–32.70
51.90–86.50
18.47–41.56

12.49
57.18
108.28

7.15
7.75
37.91

2.40–41.70
36.10–77.30
52.20–247.10

11.32
0.99

7.61
1.59

0.60–34.80
0–6.81

13.92

3.42

4.74–24.47

NASA’s MODIS
classification
PRISM Climate Group

16.47

18.43

0.19–79.78

8.70

3.47

0–11

Economic Research
Service

0.60

0.47

0–3.99

SHELDUS

9.49

28.33

0–252.60

FEMA

County Business Pattern

Inflation adjusted to 2010 USD.

and coastal communities used in most previous hazard mitigation studies (e.g. Berke et al.,
2012; Lyles et al., 2014a), the refined sample selection procedure used here is deemed
appropriate for examining the role of plan quality or planning effort in disaster risk
reduction since they were all declared federal disaster areas based on disaster losses
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and they have all complied with the Disaster Mitigation Act (DMA) of 2000. According to
the works of Berke et al. (2012) and Lyles et al. (2014a), the DMA requires pre-disaster mitigation plans from local governments to be eligible for certain types of federal funding.
With respect to the second phase, an effort was made to determine the effect of community capacity and planning effort on disaster loss and selecting community resilience
indicators. Using the same 160 counties selected in the first phase, a dataset was developed using a variety of secondary sources at the county level. These data sources included
the Federal Emergency Management Agency (FEMA), the US Census Bureau (USCB), the
Spatial Hazard Events and Losses Database for the United States (SHELDUS) at the
Hazard Research Lab at the University of South Carolina, US County Business Pattern
(USCBP), National Center for Charitable Statistics (NCCS), Dave Leip’s Atlas of the US Presidential Elections (DLAP), the National Levee Database (NLD) and the National Inventory
of Dams (NID) from the US Army Corps of Engineers, PRISM Climate Group (PRISM), NASA’s
MODIS classification (MODIS), and the Economic Research Service (ERS) of the US Department of Agriculture. A summary of this data is provided in Table 1.

3.2. Methods
We adopted definitions and components of plan quality principles derived from the recent
works of Lyles et al. (2014a) and Masterson et al. (2014) (see Appendices 1 and 2). Drawing
upon the specific plan quality evaluation items suggested by Stevens and Shoubridge
(2015), the quality evaluation protocol used in this study is composed of five principles

Figure 2. Study area.
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and 60 items that include fact bases (15 items, PQF coded in Table 1), goals (9 items, PQG
coded), policies (23 items, PQP coded), coordination (4 items, PQC coded), and implementation (9 items, PQI coded) as summarized in Table 2. We conducted a content analysis of
local plan documents associated with hazard mitigation.
As supported by Berke et al. (2012), Berke et al., (2014b), and Lyles et al. (2014a) and to
enhance reliability in the evaluation process, each of the 160 local hazard mitigation plans
collected primarily from official county websites were analyzed by two coders who independently coded based upon a plan quality evaluation scoring scheme. Each item was
coded and measured based on an equal weighting binary scale. In the scale, ‘0’ indicated
that the item in question was not identified and ‘1’ indicated the item was identified or
addressed. As suggested by Berke et al.(2014b) and Lyles et al. (2014a), if there was a
point of disagreement between two coders, we attempted to reduce the disagreements
by discussing each point and recoding. To check for internal consistency among the disagreement scores, Cronbach’s α was used as a diagnostic. The five aggregated principles
showed somewhat high levels of internal consistency with a Cronbach’s α value ranging
from 0.603 to 0.789 (see Table 2).
After the score of each item was summed within each principle, the summed scores
were divided by the total score of each principle. Corresponding to the content analysis
procedure of plan quality, we evaluated 160 local hazard mitigation plans to determine
how well they supported natural disaster mitigation and enhanced community resilience
to natural disasters. Based on these measurements, we ranked the top and bottom 10 from
160 counties (see Appendix 2).
A variety of community capacity characteristics that included human and social capital
(HSC), economic and housing (EHC), and environmental and geographic characteristic variables (EGC), planning effort variables (including the result of plan quality evaluation) (PEC),
and disaster losses variables (DL) are reported in Table 1. To examine the role of community capacity in disaster risk reduction based on the assumption that planning effort
capacity (plan quality evaluation results) can be endogenous within community capacity
characteristics, a 2SLS model was used. In other words, in this study, we assume the development of hazard mitigation plans is highly dependent on community capacity conditions. According to Wooldridge (2006), under the presence of simultaneity (or
endogeneity of a regressor), use of OLS may result in biased and inconsistent estimates.
Such bias can be overcome while the dependent variable is continuous by using an appropriate instrumental variable estimation such as 2SLS.
Along with the dependent and endogenous variables DL (disaster losses) and PEC (planning effort) and various community capacities such as HSC, EHC, EGC, we investigate endogeneity, simultaneity or reverse causality of the variables used to reflect characteristics of
each flood damaged countyi. The empirical model can be formulated as
In(DLi ) = g(HSCi , EHCi , EGCi , PECi ),
(PECi ) = h(HSCi , EHCi , EGCi , InDLi ).

(1)

As a dependent and endogenous variable, DLi as shown in Equation (1) is defined as the
per capita dollar value of physical losses caused by flood events (including property and
crop losses) for the year 2010 adjusted for inflation using the Consumer Price Index (Smith
& Katz, 2013) and aggregated to the county level; log transformed to better approximate a
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Table 2. Local hazard mitigation plan quality evaluation results.
Item
frequency (%)
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Principles and protocol itemsa
Fact base principles (15 items)
. Delineates location of 1+ hazards
. Delineates location of environmental systems that protect people and /or
development from hazards
. References other documents/plans that address hazard risk, vulnerability, or
mitigation
. Acknowledges connection between a changing climate and increased hazard risks
. Historical record of previous hazard events
. Indicates current numbers of people exposed to hazards
. Numbers of $ values of private structures exposed to hazards
. Local knowledge of residents with regards to the environment and potentially
hazardous conditions was taken into account
. Numbers or $ values of different types of public infrastructure or critical facilities
exposed to hazards
. Provides adequate space for expected future growth in areas located outside
hazardous areas
. Delineates magnitude of 1 + hazards
. Ranks hazard threats to community
. Indicates varying degree of segments within population to prepare, cope, and/or
respond to hazard risks
. Demonstrates community’s subjective interpretation of population elements or
critical assets that are most vulnerable
. Location and capacity of shelters, and/or numbers of displaced persons
Overall mean
Cronbach’s α
Goals principles (9 items)
. Protect/enhance safety of population from hazards
. Reduce hazard impacts that also achieves preservation of natural areas/open space/
recreation areas
. Reducing property losses from hazards
. Overarching statement summarizing broad goals/objectives for addressing hazards
. Promote hazards awareness programs
. Reduce damage to public property from hazards
. Minimizing fiscal impacts (other than property loss) of hazards
. Distribute hazards management costs equitably
. Measurable objectives for any goal
Overall mean
Cronbach’s α
Policies principles (23 items)
. References storm/rain water management or watershed management in relation to
hazard control
. References changing/upgrading building standards for hazard risk management
. References an existing/desired special study area or impact assessment related to
hazards
. References setbacks as a way to reduce hazard exposure
. Designates specific land uses as a result of hazard identification (other than outright
prohibition on development)
. Capital improvements that include consideration of disaster risk management
. References public acquisition of hazardous lands/properties
. Limit access to hazard areas and/or discuss evacuation routing capacities
. References cluster development as a way of avoiding/reducing development in
hazardous areas
. Location/siting of critical facilities that includes consideration of disaster risk
management
. References maintenance of man-made structures in relation to hazard control
. Prohibit development in hazardous areas
. Hazard early warning/response program
. Addresses public awareness/education with regard to risk management

0

1

Mean

Score

0
13.1

100
86.9

1
0.88

2.66
2.35

0.6

99.4

0.99

2.65

45.6
18.7
26.2
16.8
13.7

54.4
91.3
73.8
83.2
86.3

0.55
0.81
0.73
0.83
0.86

1.48
2.16
1.96
2.21
2.30

19.3

80.7

0.80

2.15

5.6

94.4

0.94

2.51

0.6
56.2
12.5

99.4
43.8
87.5

0.99
0.43
0.87

2.65
1.16
2.33

17.5

82.5

0.83

2.21

39.3
19.1

60.7 0.60
80.9 0.77
0.632

1.61
2.15

0
11.2
0
32.5
16.2
0
15.0
100
17.5
21.4

100
88.8

1
0.88

2.66
2.36

100
1
67.5 0.67
83.8 0.90
100
1
85.0 0.85
0
0
82.5 0.82
78.6 0.79
0.789

2.66
1.80
2.40
2.66
2.26
0
2.20
2.11

28.7

71.3

0.71

1.90

16.8
33.7

83.2
66.3

0.83
0.66

2.21
1.76

12.5
20.6

87.5
79.4

0.87
0.79

2.33
2.11

43.7
87.5
12.5
99.3

56.3
12.5
87.5
0.7

0.56
0.12
0.87
0.01

1.50
0.33
2.33
0.01

15.0

85.0

0.85

2.26

0
0
28.7
10.0

100
100
71.3
90.0

1
1
0.71
0.90

2.66
2.66
1.90
2.40

(Continued )
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Table 2. Continued.
Item
frequency (%)
Principles and protocol itemsa
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.

Measureable indicators for any policy
. References transfer of development rights as a way of voiding/reducing
development in hazardous areas
. Financial incentives for disaster risk management
. Proposes/requires real estate disclosure of hazard risk
. References charging impact fees to support hazard mitigation
. Placing warning/educational signage in hazardous areas
. Retrofitting public structures that includes consideration of disaster risk
management
. Addresses providing technical assistance to developers/property owners for
mitigation actions
. References relocating/retrofitting private structures to make them more hazard
resilient
Overall mean
Cronbach’s α
Coordination principles (4 items)
. Desired/actual coordination with regional, or provincial government with regard to
hazard mitigation
. Desired/actual coordination with federal government with regards to hazard
mitigation
. Desired/actual coordination with other municipalities with regards to hazard
mitigation
. Desired/actual coordination with private sector entities
Overall mean
Cronbach’s α
Implementation principles (9 items)
. Hazard -related policies specify procedures for monitoring and evaluating
implementation
. Plan has undergone review within the last five years
. Hazard -related policies specify timelines for implementation
. References commitments of funds for hazard risk management activities
. Potential impacts of hazard mitigation activity in surrounding municipalities
. Identify organizations/agencies/individuals responsible for implementing hazardrelated policies in plan
. Indication of a community-based risk tolerance criteria that can be applied across
hazard type
. Indicates a method for incorporating new hazard-related information as it becomes
available
. Indicates that there has been, or will be, evaluation of losses from hazards over time
Overall mean
Cronbach’s α
a

0

1

Mean

Score

19.4
94.3

80.6
5.7

0.80
0.05

2.15
0.15

74.4
95.6
71.2
3.80
12.5

25.6
4.4
28.8
96.2
87.5

0.25
0.04
0.28
0.96
0.87

0.68
0.11
0.76
2.56
2.33

50.6

49.4

0.49

1.31

30.0

70.0

0.70

1.86

37.4

62.6 0.62
0.610

1.66

0

100

1

2.66

90.6

9.4

0.09

0.25

12.5

87.5

0.87

2.33

40.0
35.7

60.0 0.60
64.3 0.64
0.603

1.60
1.71

31.2

68.8

0.68

1.83

70.6
70.0
11.8
0.6
10.0

29.4
30.0
88.2
99.4
90.0

0.29
0.30
0.88
0.99
0.90

0.78
0.81
2.35
2.65
2.40

64.3

35.7

0.35

0.95

21.2

78.8

0.78

2.10

65.0
38.3

35.0 0.35
61.7 0.61
0.718

0.93
1.64

Adopted from Stevens and Shoubridge (2015).

normal distribution. As another endogenous variable, planning effort (PECi) is defined as
total plan quality value (total plan quality variable) from the evaluation result of each
county’s plan quality and population covered by multi-hazard approved mitigation plan
variable (mitigation plan variable). To reflect the endogeneity of plan quality capacity in
community capacity, total plan quality measures were selected instead of each plan
quality measure results (PQF, PQG, PQP, PQC, and PQI).
In addition to plan quality measures as non-structural hazard mitigation policies, the
first panel identified four variables, measured on a continuous scale, to describe non-structural mitigation measures as well as structural mitigation measures. Based on the literature
review of community capacity and community resilience (e.g. Cutter, 2016; Cutter et al.,
2014; Kapucu et al., 2013; Norris et al., 2008; Nowell & Steelman, 2013; Peacock et al.,
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2012; Sherrieb et al., 2010), the second, third, and fourth panels depicted degree of human
and social capital characteristics, economic and housing attributes, and environmental
and geographic characteristics relative to natural disaster impacts respectively; all
measured on continuous scales.
Specifically, human and social capital variables included educational attainment
(percent of population with a bachelor’s degree and over), language (percent of
persons who can’t speak English), race (percent of white population), age (percent of
population over 65), health accessibility as a proxy for social justice or social service
assets (total physicians per 10,000 population), and civic organizations and voter
turnout as proxies for social capital attributes. To assess economic capacity, we included
five characteristic variables; specifically, poverty (percent of poverty), per capita income,
employment rate, economic diversity (as a single-sector economic base variable and
non-economic diversity characteristics, percent of farming, fishing, and forestry industry,
coded 11 in the North American Industry Classification System [NAICS]), and resiliency
industry (percent of public administrative and education and healthcare services, coded
56, 61, and 62 in the NAICS). Housing characteristics included percent of housing units
built in 1989 or earlier, the percent of mobile housing units, and percent of
homeownership.
With an emphasis on the proposition that OLS regression offers an incomplete picture
of the relationship between variables and focuses on change at the conditional mean, we
employed a quantile regression model in relation to flood loss magnitude. This model can
reflect the entire conditional distributions of the dependent variable (Davino, Furno, & Vistocco, 2013). Like the model elaborated in Equation (1), we established a new equation in
accordance with the extent of DL and community capacity characteristics (HSC, EHC, EGC,
and PEC) and each flood damaged county i.
DLi 0.25 = a0.25 + b0.25, i , HSCi + b0.25, i , EHCi + b0.25, i , EGCi + b0.25, i , PECi ,
DLi 0.50 = a0.50 + b0.50, i , HSCi + b0.50, i , EHCi + b0.50, i , EGCi + b0.50, i , PECi ,

(2)

DLi 0.75 = a0.75 + b0.75, i , HSCi + b0.75, i , EHCi + b0.75, i , EGCi + b0.75, i , PECi .
In Equation (2), DLi,0.25, DLi,0.50, and DLi,0.75 represent the degree of flood losses in the
three levels: 0.25 quantile, 0.50 quantile, and 0.75 quantile, respectively.

4. Findings
4.1. Evaluating local hazard mitigation plan quality
Overall the quality of the 160 local plans provided strong factual bases for natural hazard
mitigation or emergency management as illustrated in Table 2. Most (over 80%) of the
counties’ hazard mitigation plans delineated the locations and magnitude of multiple
hazards, historical record of prior hazard events, damage costs, vulnerable populations,
and potential hazardous conditions or assets. However, only 44% of the plans ranked
hazard threats to the local communities and about 55% addressed the connection
between climate change and increased hazard risks. Only 61% of the plans included
location and capacity of shelters and numbers of displaced residents caused by previous
natural disasters.
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With respect to the goals principle which was composed of nine specific items, 79% of
the local plans provided future desired conditions that reflected a breadth of values
affected by public safety, reducing property damage, and increasing coordination and
information. All the 160 plans addressed the protection of population and reduction of
private and public property losses from hazards. More than 83% of the plans identified
the preservation of natural environment for reducing hazard impacts and addressed
hazards awareness programs. In addition, 85% of the local hazard mitigation plans
suggested how to minimize fiscal impacts of hazards and measurable objectives for the
goals. However, all plans failed to provide equal distribution for hazards management
and only 67% addressed the overarching statement summarizing broad goals for overcoming natural disasters.
In terms of the policies principle, there were large variations among the 23 items
applied in this study. As noted before, this principle provides a general guide to decisions
about development and assures that plan goals are achieved. The goals principle consisted of property protection, preventative measures of land use control, structural controls, public information and awareness, natural mitigation features, and emergency
services (Lyles et al., 2014a). All the plans suggested on-going maintenance of manmade structures associated with hazard control and prohibition of development in
hazard areas.
In keeping with the proposition that ‘ … flood warning services need to be integrated
with overall disaster management activities … ’ (Shrestha, Grabs, & Khadgi, 2015, p. 249),
over 90% addressed public awareness or education about risk management and
warning or educational signage in hazard areas. Over 65% of the selected county
plans delineated preventive land use tools including building standards for hazard risk
management (83.2%), impact assessment (66.3%), setbacks (87.5%), location of critical
facilities (85%), and retrofitting or relocating private structures (70%). However, only
12% suggested public acquisition of hazardous land and only 0.7% of the 160 plans
identified cluster development as a way of avoiding development in the disasterprone areas. Additionally, few of them described transfer of development rights
(5.7%) and real estate disclosure of hazard risk (4.4%) as other measures to reduce development in hazard areas.
The coordination principle, consisting of four items included integration with other
planning initiatives, planning processes, and identification of specific techniques to
engage the public about hazard mitigation (Lyles et al., 2014a). These generally provided
somewhat strong conditions within the selected plans. More than 60% of the counties
addressed desired or actual coordination with regional government (100%), other municipalities (87.5%), and private sector entities (60%). However, only 9.4% of the plans
suggested coordination with the federal government. In the implementation principle
with attention on the assignment of organizational responsibilities, timelines, and funds
to implement a plan, 80% or less of the plans suggested funds for hazard risk management
activities and potential impacts of hazard mitigation activities. However, less than 36%
addressed specific timelines for implementation, community-based risk tolerance criteria,
and plans for evaluation of hazard losses over time. Moreover, 70% failed to provide a
review process within the last five years.
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4.2. Examining the effectiveness of plan quality and community capacity in
mitigating flood losses
Based on the document-based evaluation of local hazard mitigation plan quality, we examined the effectiveness of plan quality and community capacity in mitigating flood losses in
the flood-prone areas. Three different regression models were used to isolate the impacts
of selected planning efforts and community capacity components of flood losses as summarized in Table 3. With an outcome variable, DL during the last 10 years (from 2000 to 2009), an
OLS regression model was estimated on three different types of hazard mitigation measures.
Model (1) focused on the effect of non-structural hazard mitigation measures (including
the evaluation results of plan quality, population covered by a mitigation plan approved by
FEMA, and population covered by storm-ready policies) and varied community capacity attributes on disaster losses. Results of Model (1) revealed that most of the plan quality principles
and social capital attributes, educational attainment, social service assets, and economic level
(including per capital income level, housing value) were inversely correlated with flood losses.
Structural hazard mitigation measures such as levee and dam construction failed to play an
important role in modifying the amount of physical losses from flood events.
As depicted in Equation (1), based on the diagnostic test result for endogeneity of
instrumental variables (Wald test of exogeneity = 8.72 at the 90% confidence level), we
used 2SLS estimation on Models (2) and (3). Compared to the OLS result, the 2SLS
results suggested that the magnitude of the coefficient on disaster losses changed slightly
after controlling for the endogeneity of planning effort characteristics, Total plan quality
and Mitigation plan variables. Like the result in Model (1), social capital attributes, educational attainment, social service assets, and economic level (including per capital
income level, housing value) were inversely correlated with flood losses.
To estimate how community capacity characteristics and planning efforts affect flood
losses differently at different points in the losses’ conditional distribution, a quantile regression
model was employed at the 0.25, 0.50, and 0.75 quantiles. In Models (4)–(6), per capita cost of
flood losses was used as a dependent variable to represent the effect of community capacity
characteristics on a quantile distribution of flood losses. The regression results suggested
some important differences across different points in the conditional distribution of
changes in flood losses. The resilient industry variable was negative and statistically insignificant at the 0.25 and 0.50 quantile. But the resilient industry variable was positive and significant
at the higher end of the distribution. This finding suggests that the resilient industry variable
played a crucial empirical role in mitigating flood losses at a higher level of the damage distribution. Whereas most principles among five plan quality measure variables were inversely
related to the disaster losses caused by a flood event at all the quantiles, the structural
hazard mitigation measures had no effect on disaster losses. Like the result in the OLS and
2SLS estimation, this finding implies that high-quality plans associated with hazard mitigation
can contribute to mitigate disaster losses and further foster community resilience.

5. Conclusions and discussion
5.1. Summary of findings
In this study, we empirically examined the effect of local hazard mitigation plan quality
and community capacity characteristics on mitigating disaster risk and reducing
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Table 3. OLS, 2SLS, and quantile regression results.
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Variable name

OLS
(1)

2SLS
(2)

Human and social capital characteristics
Civic
0.009
−0.013
[0.010]
[0.014]
Voter
−0.084**
−0.067**
[0.035]
[0.029]
Moving in
0.044
0.060
[0.036]
[0.046]
Language
0.025
0.019
[0.080]
[0.096]
Bachelor
−0.087*
−0.111*
[0.048]
[0.062]
White
0.029
0.002
[0.034]
[0.050]
Age
0.089
0.041
[0.069]
[0.083]
Female
0.013
0.097
[0.152]
[0.217]
−0.013*
−0.004*
Health access
[0.019]
[0.019]
Economic and housing characteristics
Poverty
0.073
0.109
[0.048]
[0.065]
Homeowner
−0.016
−0.025
[0.038]
[0.036]
Per capita income
−0.001*
−0.0001*
[0.0001]
[0.0006]
Housing age
0.024
0.019
[0.037]
[0.030]
Employ
−0.051
−0.068
[0.036]
[0.044]
−9.39e−06
−6.55e−06
Housing value
[9.90e−06]
[0.0001]
Mobile home
0.030
0.037
[0.028]
[0.028]
Economic diversity
−0.069
0.114
[0.088]
[0.125]
−0.147**
Resilient industry
−0.119**
[0.048]
[0.058]
Environmental and geographical characteristics
Residential
0.012
0.018
[0.011]
[0.013]
Precipitation
0.009
0.040
[0.081]
[0.091]
Urban influence
0.0008*
0.0008*
[0.0003]
[0.0003]
Planning effort characteristics
Plan quality measures
Total plan quality
−1.150*
[2.710]
(1) Fact base
−0.731*
[1.828]
(2) Goals
−0.603*
[1.342]
(3) Policies
0.294
[2.183]
(4) Coordination
−2.613**
[1.000]
(5) Implementation
−0.271
[1.164]

Quantile regression
(3)

(4)

(5)

(6)

−0.017
[0.023]
−0.178*
[0.101]
0.054
[0.054]
0.058
[0.110]
−0.043*
[0.078]
0.038
[0.052]
0.188
[0.157]
0.197
[0.306]
−0.047*
[0.046]

0.001
(0.026)
−0.094*
(0.062)
0.014
(0.038)
0.015
(0.079)
−0.057*
(0.081)
0.027
(0.050)
0.009
(0.124)
0.073
(0.238)
−0.031*
(0.034)

0.004
(0.016)
−0.046*
(0.037)
0.026
(0.038)
0.017
(0.047)
−0.072*
(0.048)
0.005
(0.030)
0.043
(0.074)
0.004
(0.142)
−0.011*
(0.020)

0.027
[0.084]
−0.048
[0.068]
−0.0001*
[0.0008]
0.085
[0.082]
−0.017
[0.069]
−0.0001
[0.0001]
0.018
[0.041]
0.132
[0.109]
−0.094**
[0.031]

0.104
(0.100)
−0.012
(0.067)
−0.001*
(0.0001)
0.008
(0.064)
−0.069
(0.056)
−0.0001
(0.0001)
0.027
(0.055)
−0.021
(0.180)
−0.042
(0.085)

0.013
(0.060)
−0.007
(0.040)
−0.005*
(0.0006)
0.011
(0.038)
−0.008
(0.038)
−8.91e−07
(8.37e−06)
0.021
(0.033)
−0.002
(0.108)
−0.050
(0.051)

0.049
[0.031]
0.005
[0.096]
0.0006*
[0.0003]

0.024
(0.021)
0.007*
(0.104)
0.006
(0.005)

0.011
(0.012)
0.011*
(0.062)
0.001
(0.003)

0.005
(0.009)
0.030*
(0.046)
0.001
(0.002)

−0.064*
(2.621)
−0.539*
(2.803)
−0.295
(3.366)
−2.304*
(1.863)
−0.171
(0.152)

−0.653*
(1.565)
−0.415*
(1.674)
−1.350
(2.010)
−0.939*
(1.112)
−0.212
(1.110)

−0.688*
(1.174)
−0.694*
(1.255)
−1.884
(1.508)
−0.237*
(0.834)
−0.327
(1.272)

−0.003
(0.012)
−0.056*
(0.028)
0.029
(0.029)
0.020
(0.035)
−0.116**
(0.036)
0.025
(0.022)
0.109
(0.055)
0.002
(0.106)
−0.001*
(0.015)
0.041
(0.045)
−0.012
(0.030)
−0.006*
(0.0006)
0.048
(0.028)
−0.007
(0.025)
−8.17e−06
(6.28e−06)
0.004
(0.025)
−0.063
(0.081)
−0.085**
(0.038)

+

(Continued )
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Variable name

OLS
(1)

2SLS
(2)

Quantile regression
(3)

(4)

(5)

(6)

Hazard mitigation measures
Mitigation plan
−1.24e−06
+
−0.0003
−1.41e−06
−1.58e−06
−1.54e−06
[2.32e−06]
[0.0002]
(4.08e−06)
(2.43e−06)
(1.83e−06)
Storm-ready
−4.75e−07
−1.35e−06
−0.0002
−2.76e−07
−7.73e−07
−1.47e−07
[1.94e−06]
[1.35e−06]
[0.0002]
(3.74e−06)
(2.23e−06)
(1.67e−06)
Levee
−0.010
−0.003
−0.011
−0.021
−0.032
−0.005
[0.017]
[0.019]
[0.030]
(0.030)
(0.018)
(0.013)
Dam
−5.70e−07
−8.69e−07
−8.69e−07
−4.5e−07
−7.21e−07
−3.19e−09
[2.94e−06]
[3.71e−06]
[3.71e−06]
(5.49e−06)
(3.28e−06)
(2.46e−06)
Constant
−10.094
−9.497
−15.211
−12.740*
−0.124
1.563
[7.138]
[7.944]
[10.927]
(9.191)
(5.489)
(4.117)
160
160
160
160
160
160
Number of observation
F
2.50**
Wald-Chi-square
62.87***
42.57**
0.350
0.260
0.251
R2
0.229
0.138
0.165
Pseudo-R 2
Notes: Dependent variable for OLS and 2SLS model is log per capita flood losses and for quantile regression model is per
capita flood losses, heteroscedasticity robust standard error in bracket, bootstrapped standard error in parentheses, *statistical significance at 10%, **statistical significance at 5%, ***statistical significance at 1%, Model (4): 0.25 quantile, Model
(5): 0.50 quantile, and Model (6): 0.75 quantile.

vulnerability to disasters in the flood-prone areas within the US Mississippi River Basin.
Using content analysis and previously described principles of plan quality, we evaluated
local hazard mitigation plans to determine how well they supported disaster risk reduction
and promoted resilience to disasters. Incorporating the result of local hazard mitigation
plan quality evaluations and selected community resilience factors, we assessed the role
of plan quality and community resilience in flood risk reduction using a log-linear and a
quantile regression model.
In terms of plan quality evaluation, whereas all the plans failed to provide equal distribution for hazards management and only 67% addressed the overarching statement summarizing broad goals for overcoming natural disasters, most of the plans suggested ongoing maintenance of man-made structures associated with hazard control and prohibition of development in hazard areas. Less than 36% addressed specific timelines for
implementation, community-based risk tolerance criteria, and plans for evaluation of
hazard losses over time. Further, 70% failed to provide a review process within the last
five years. By examining the effectiveness of plan quality and community capacity in mitigating losses in flood-prone areas, we can conclude that better plan quality and high community resilience play positive roles in reducing disaster losses.

5.2. Study limitations, future research, and policy implications
There are a variety of reasons why even high-quality plans may not be implemented or
may not have an impact on community resilience. These include individual county
implementation deficits, lack of resources, and/or poor communication and public
engagement. Further, community resilience depends on a wide range of variables that
may not be addressed in a mitigation plan. Examples include education and access to
various forms of social, political, and financial capital. Despite the novelty of this study
focusing on the role of natural hazard mitigation plan quality and community resilience
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in disaster risk reduction, limitations exist. The county-level geography of the Mississippi
River Basin and its unique flood events limits external validity and our ability to generalize
empirical findings to other locations and natural hazards. For this reason, future research
should expand to additional geographies. Additional North American regions could
include coastal disaster-prone areas that include the Gulf and Atlantic Coasts of the US
and Mexico, California and the Pacific Northwest, and Canada. Further, alternative forms
of natural disasters could provide a broader assessment of the impacts of multiple
hazards. These broad viewpoints can help to contribute to multi-hazard cross-regional
comparisons addressed through thoughtful disaster research.
In terms of sampling selection used in the study, we focused on the study areas
selected using PDD during the last 10 years of the study period. But, such sample selection
processes are limited in that they reflect the need for a disaster declaration. In future
studies, we need to reselect the study area to identify whether the disaster declaration
by itself plays a crucial role in mitigating flood risks as mitigation policy process. In this
study, we attempted to address the effectiveness of local hazard mitigation plan quality
in mitigating disaster risk aligned with the intersections of community resilience and planning effort. However, our study failed to conduct vulnerability assessments with the existing multidimensional county-level data. In future research, we need to conduct
comprehensive vulnerability assessment that can include mitigation policy process and
mitigation investment in the flood-prone areas. Conducting cost–benefit analyses of mitigation investments can help provide insights into more effective planning process in communities that experience the highest demands (Odeh, 2002).
From a methods perspective, we used per capita flood losses as an outcome variable to
examine the role of community capacity and planning effort in mitigating disaster losses.
Our approach primarily focused on community resilience determinants in the wake of
flood damage. Future research should include specific economic criteria (e.g. losses per
dollar of average home value, the degree of growth rates) and planning effort (e.g.
whether or not there are hazard mitigation plans) to compare the level of community resilience to natural disaster accounting for both before and after flood events.
In addition, we normalized flood losses in 2010 inflation adjusted dollars as an outcome
variable. However, as pointed out by Pielke et al. (2008), adjusting disaster losses for
inflation are not sufficient, as other variables such as population growth and changes in
wealth should be considered. Our study reflects economic growth and changes in a relatively short time frame. Future work needs to address more robust normalization processes by reflecting changes in inflation, wealth, population, and housing units over
longer time frames.
In this study, we assumed there were similar effects on community capacity characteristics and the quality of hazard mitigation plans drawn up after flood events. However, it
can be reasonably assumed that hazard mitigation plans drawn up after an event would
be of higher quality than plans drawn up prior to an event. To overcome this limitation,
future research needs to address the time sequence of plans relative to flood experience,
the impacts of flooding on community capacity, and the possible subsequent effect on
plan quality.
Despite our best attempt to measure the quality of natural hazard mitigation plans at
local levels based on principles and methods used in prior studies, our approach to
content analysis could be improved by enhanced measurement procedures, coding
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protocols, and evaluation item weighting. We agree with Stevens, Lyles, and Berke (2014)
and Lyles and Stevens (2014, p. 445) who point to the need to overcome a general ‘ … lack
of repeated testing and refinement of plan quality coding protocol.’ This time-consuming
and laborious process remains for further refinement in future research to develop more
reliable coding results.
To estimate the association between the extent of plan quality and community resilience, we primarily relied on quantitative methods. However, to draw upon the proposition
that ‘ … disasters are manifestations of failures in environmental governance and sustainability, and that linkage should be more explicitly acknowledged … ’ (Tierney, 2012,
p. 358), we should account for both planning and decision-making frameworks that act
to simultaneously minimize vulnerability elements of a community while maximizing resiliency elements. For this reason, by using GIS-based spatial multi-criteria data analysis,
future research should be conducted to include a decision support framework to assess
alternative strategies with the participation of policy-makers, community stakeholders,
urban planners, and citizens and evaluate the quality of land use planning and the
status of participatory natural hazard management. Further, we should develop new
plan quality principles and measurement criterion that more effectively address increased
community disaster resiliency. This is perhaps best accomplished from multi-jurisdictional
perspectives that reflect disaster partnerships between local, county, regional, state, and
federal agencies.
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Appendix 1. Definitions and components of plan quality principles and
items evaluated in the prior studies.*
Items evaluated in each local hazard mitigation plan quality

Principles
Fact base

Goals

Definition
Empirical
foundation that
key hazard
problems are
identified and
prioritized, and
mitigation policymaking
Future desired
conditions that
reflect breadth of
values affected by
the plan

Policies

General guide to
decisions about
development and
assure that plan
goals are achieved

Coordination

Recognition of the
interdependent
actions of state
and local
organizations that

Stevens and Lyles Horney
Components of
Shoubridge et al.
et al.
principle
(2015)
(2014a) (2012)
Hazard assessment;
15
106
60
vulnerability
assessment; risk
assessment;
assessment of
administrative,
technical and
policy capabilities
Protecting public
9
13
14
safety; reducing
property
damage; increase
coordination and
information
Property
23
43
108
protection;
preventative land
use; structural
controls; public
information and
awareness;
natural
mitigation
features;
emergency
services
Integration with
13
13
184
other planning
initiatives (e.g.
comprehensive
planning, disaster

Tang,
Lindell,
Prater,
Nelson
and
and
Brody
Brody French
(2008)* (2003b) (2002)**
8
10
21

4

10

11

17

43

42

3
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Items evaluated in each local hazard mitigation plan quality

Stevens and Lyles Horney
Components of
Shoubridge et al.
et al.
Principles
Definition
principle
(2015)
(2014a) (2012)
need coordination recovery, and
for plan
emergency
implementation
operations);
and formal and
planning process
informal actors
and identification
engaged in
of specific
preparing the plan techniques to
engage public
Implementation Assignment of
Information about
16***
188
organizational
agencies
responsibilities,
responsible for
timelines and
actions, proposed
funds to
timeline and
implement a plan estimated costs

Tang,
Lindell,
Prater,
Nelson
and
and
Brody
Brody French
(2008)* (2003b) (2002)**

5

Notes*: modified from Lyles et al. (2014a, p. 91), *: Tsunami hazard management plan coding protocol, **: seismic safety management plan quality components, ***: including items in monitoring and
participation principle.

Appendix 2. Rankings of local hazard mitigation plan quality evaluation
among 160 counties

Top 10 communities with higher
plan quality

Top 10 communities with lower
plan quality

Rank Counties
1 Iroquois, IL
2 Cook, IL
Fremont, CO
4 Pulaski, AR
5 Grant, AR
6 Montgomery,
IL
Livingstone, IL
LaSalle, IL
9 Dekalb, IL
10 Conway, AR
1 Dawes, NE
Fillmore, NE
Franklin, NE
4 Walworth, WI
5 Terrebonne, LA
6 Audrain, MO
Monroe, MO
8 Coles, IL
9 Racine, WI
10 Crawford, IL

Evaluation
valuea
4.8695
4.8019
4.8019
4.7826
4.7391
4.6473
4.6473
4.6473
4.5797
4.5381
1.9533
1.9533
1.9533
2.0043
2.2190
2.3301
2.3301
2.6504
2.6922
2.6939

CRS Approved mitigation
Building
classb
planc
regulationd
11
No
Minimalist
11
No
6
No
Minimalist
11
Yes
Enabling
8
No
Enabling
11
Yes
Minimalist
11
11
11
11
11
11
8
11
11
11
11
11
11
10

Yes
No
No
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
Yes
No

Enabling
Enabling
Mandatory
Enabling
Minimalist
Minimalist
Mandatory
Minimalist

Notes: a: equal weighted sum values of 5 principles, b, c: derived from FEMA, b: class classified from
community rating system. In case a county has no CRS, we put ‘11,’ and d: derived from May’s (2013)
state regulation provisions.

