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The primary objective of this study is to determine what drives states to plan for the
impacts of a changing climate. As the climate continues to change, climate scientists have
projected changes in water quantities available for human and other uses. This quantitative
study examines how state water plans and state hazard mitigation plans address climate
change. Plans were coded for the extent to which they address climate change in their cal-
culations regarding future water supply and demand. Ordinal logistic regression models
were developed to test the predictive value of independent variables including statewide
voting, vulnerability to climate change, and recent experience with droughts and natural
disasters. The most significant predictor variable for both state water planning and state
hazard mitigation planning was state partisanship. Democratic leaning states were much
more likely to include climate change in their plans than were Republican leaning states.

� 2017 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Management and protection of the water resources needed to support life and drive the economy is generally left to state
governments within the United States. Furthermore, while all disasters are local they tend to be mitigated and managed at
the state level in the United States. Consequently, planning for and responding to major risks to key resources, especially for
water resources, frequently occurs at the state level. In a country that is increasingly politically polarized and drastic changes
in weather patterns and water availability increasingly challenge urban and rural areas, how to secure future access to water
and mitigating nature based risk has become a significant policy challenge.

Twenty-nine out of fifty U.S. states have developed formal water plans to guide their future water supply investments.
Normally, these plans make both assessments and projections of current and future water demand and supply. The projec-
tions frequently account for population, demographic, and economic changes anticipated by the state. Some states also con-
sider the impact of a changing climate on their water supply and/or demand. Significant variation exists between the states
on the consideration of climate. This paper seeks to explain that variability. Possible explanations include the importance of
political attitudes and beliefs around the role of government in collective risk management or around climate science, pre-
vious experience with disasters tend to make policy makers more vigilant to all risk, orr that some states have simply have
less to worry about based on the ratio of population growth and water availability in those states.

This study explores the drivers of state government water resource management as represented by the State Water Plans.
In the empirical part of this study, independent variables representing vulnerability and political preferences will be tested
as drivers of the choices made by states to either incorporate or not to incorporate climate change science into their state
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water plans. These results will be compared to a similar analysis of state hazard mitigation plans to examine congruencies
and differences in how states approach planning for different resources.

State policy making is a complex and frequently issue-area specific process in terms of the influence that experts, public
opinion and innovation play. This study uses two models to examine that process and assess what variables drive it.
2. Theory

The body of research on the application of climate science in water management is dominated by anecdotal evidence and
qualitative studies that focus primarily on inputs into, rather than the output of, water management agencies regulations,
rules, forecasts, and science. For example, Pulwarty and Redmond (1997), using a semi structured interview strategy,
assessed the extent to which water managers in the western US utilize climate forecasts in their work. They found, similar
to others, that water managers generally do not use climate forecasts in their work (e.g., Callahan and Miles, 1999; Rayner
et al., 2005). Instead, most water management strategies are tied to standard operating procedures that prescribe actions
based on observed conditions, such as reservoir levels, the time of year, and the amount of snow on the ground.

Quantitative and large N research on factors driving the use of climate science in state water planning are rare. An unu-
sual example is a survey from the year 2000 establishing the use of forecasts in water resources management (Dow et al.,
2007; O’Connor et al., 2005). The survey of water managers in South Carolina and the Susquehanna River Basin of Pennsyl-
vania was designed to assess (1) the size of respondents’ water management responsibilities, (2) the perception of their own
risk for system failure (e.g., not being able to supply their customers with water), and (3) the managers’ perception of climate
and weather forecast skill. The survey response was substantial for both regions (N = 405 in Pennsylvania and N = 269 in
South Carolina), allowing for a robust statistical analysis of the results (O’Connor et al., 2005). The results showed that only
a small percentage of water managers used climate and/or weather forecasts for flood protection, water supply, and power
generation in either state. Furthermore, only 10–25% of the managers surveyed reported using forecasts to plan for future
water storage needs, expanding distribution systems, adjusting reservoir levels, adjusting inventory supply needs, or similar
uses. A higher forecast use was only connected to 1) scheduling personnel for maintenance and construction, and 2) starting
public information campaigns to conserve water.

O’Connor et al. (2005) have shown however, that the perceived risk of system failure is significantly correlated with man-
agers’ willingness to use forecasts in their decision-making. i.e., if a particular agency were at greater risk of not meeting its
water delivery or water quality requirements, it would be more willing to seek new information (such as a forecast) to help
make its decisions. The analysis also showed that agency size and the perception of forecast skill did not correlate strongly
with actual use of, or willingness to use, forecasts. Therefore, O’Connor et al. (2005) conclude that application of forecasts in
water management is more determined by perception of risk, particularly with recent experiences with extreme weather
and climate, than by any improvements in forecasting skills or the potential value of climate science for the intended end
user. These results are consistent with more anecdotal studies with smaller samples and interview based methods (e.g.,
Pulwarty and Redmond, (1997)).

Water supply systems’ vulnerability to failure is obviously related to variation and trends in water supply. Many studies
have examined vulnerabilities to water shortages, such as Averyt et al. (2013) study of stress on fresh water resources in the
US. They developed a water supply stress index based on observed water use and supply at approximately 700 square miles.
They applied their water supply stress index to both current supplies and water usage. Their results showed that the stress is
greatest in the southwestern US. This is the same geographic region that expects to see the greatest declines in fresh water
supply as a result of climate change.

As noted above, much of previous research has focused on input to and planning by water management agencies. The
studies described thus far have largely assessed whether climate science and forecasts were used as input at all to decision
making. Much less attention has been paid to whether considerations of climate adaptation in water management agencies
decisions and outputs. Classic research results (Page and Shapiro, 1983; Monroe, 1998) describe coherent relationships
between a) policy preferences of constituents and b) the policy choices of their elected government. This suggests that con-
stituent political preferences around climate change may impact how climate change science is used by water planners who
are charged with supplying water to those constituents. However, an assessment of planning by water management agencies
at the state-level and the extent to which they address (or do not address) climate change is still lacking.

Page and Shapiro (1983) and Monroe’s (1998) classic studies found stronger congruence between voter policy preferences
and political preferences in policy areas most important to voters and less congruence in relatively obscure policy areas of
less interest and visibility to voters, and in policy areas such as campaign financing that directly impact politicians. Water
policy tends to be a somewhat obscure policy area if the public does not feel threatened (Gleick, 1998). Thus, one might
expect governments to make policy choices that respond more to perceived state water vulnerabilities than to the policy
preferences of voters, in cases where the two are at odds.

Even though the inclusion of climate change in state water planning has not been studied systematically before, scholars
have examined water planning efforts in general at other policy-making levels. Feldman (2013) for example, described water
planning efforts to address climate change on scales ranging from very local to global. He described planning efforts in Brazil
where climate scientists were connected directly with farmers in the Amazon River Basin to promote the co-creation of sci-
entific data for farmers to apply to their decision-making. He also described planning efforts at the city level in Los Angeles
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and Tokyo to address climate change and noted that these efforts have already demonstrated some success. In Los Angeles,
where annual precipitation is only about 15 inches per year, a combination of outreach programs encouraging reducing
water use and infrastructure programs to reuse wastewater and capture storm water have led to total water demand being
about the same in 2013 as it was in 1980 despite a population increase of over a million people. Los Angeles is also looking at
how climate change will impact future water transfers between urban and rural areas. Although Tokyo enjoys a much wetter
climate than Los Angeles (averaging about 60 inches of precipitation per year), it has also employed efforts to encourage con-
servation and to reuse wastewater to address concerns about increasing urban heat island effects and climate change con-
cerns. This suggests that vulnerability and experience of a water system to shortage may drive water resource management.

Outside of water planning specifically, scholars have studied the use of climate change science in state planning efforts to
mitigate hazards. For example, Babcock (2013) examined state hazard mitigation plans in all U.S. states as required by the
Disaster Mitigation Act (DMA) for FEMA funding eligibility following a disaster. Each plan was assessed for its treatment of
climate change; the presence of a climate change section and the level of detail and accuracy of any climate change content.
States were assigned a one to four ranking to characterize their treatment of climate change. Category one meant no discus-
sion of climate change or that the discussion was inaccurate. Category four meant a ‘‘thorough discussion of climate change
impacts on hazards and climate adaptation actions” (Babcock, 2013, p. 5). Babcock used these rankings to draw qualitative
conclusions about the relative importance placed on climate change in assessing future risks within state planning efforts.
Babcock found that coastal states addressed climate change more than landlocked states. This was partially explained by
rising sea levels and a greater exposure to coastal hazards. Both types of risks have become more prominent in recent years
and are both are expected to increase in future years.

Other scholars have taken a broad approach to studying hazard mitigation and emergency plans. Berke et al. (2012) eval-
uated the overall quality of all coastal states’ hazard mitigation plans. They evaluated six principles articulated in the plans:
goals, fact base, mitigation policies, implementation and monitoring, inter-organizational coordination, and participation.
The plans were scored using content analysis and the six criteria. The authors found the overall quality of state hazard mit-
igation plans to be moderate to low. They suggested that the variance between state’s scores may be tied to experience with
recent disasters or perceived vulnerability to future disasters. Although Berke et al. (2012) did not explicitly address the topic
of climate change they argued that changing vulnerabilities may predict plan scores.

Water planning at the state level and state water plans, in particular, have not received the same level of attention as
hazard mitigation or emergency plans. In general, water resource planning has relied on engineering approaches and has
focused on water resources infrastructure projects, estimating expected or known water demands based on historical data
for water supplies, such as precipitation and stream gage records (e.g., Dunne and Leopold, 1978). These traditional planning
efforts do not typically account for the potential impact of climate change on water supplies or demands. Snover et al. (2003)
has pointed to the potential for climate change scenarios to inform water planning efforts at the local level. Gober et al.
(2010) have also documented the need for water management agencies to incorporate climate change impact scenarios
especially in semiarid southwestern United States where climate change is expected to diminish the already scarce water
supply (see also Prairie and Jerla, 2012).

While traditional planning efforts have not made widespread use of climate change data, scholars have examined water
availability and vulnerabilities of water supply systems. For example, Padowski and Jawitz (2012) have examined the current
and future water availability of America’s 225 largest cities. They concluded that the supplies, particularly in the southwest-
ern U.S., are at risk as climate and population patterns change. Averyt et al’s study (2013) on surface water stress, both cur-
rently and in the future, is a considerable risk for the southwestern U.S. The third national climate assessment (Melillo et al.,
2014) synthesized this literature and concluded that there will be reduced streamflows and a reduced snowpack in the
southwest region and that northwestern United States face water-related challenges in the opposite direction.

Scholars have shown that risk perception (e.g., O’Connor et al., 1999), ideology (e.g., McCright and Dunlap, 2011), and vul-
nerability (e.g., Brody et al., 2008) are significant predictors of individual policy preferences regarding climate change mit-
igation. Werner (2015) identified ideology or partisan political preference as the major predictor of climate change policy
preferences at the state-level. This study empirically tests policy preference predictors at the state-level as expressed in state
water and hazard mitigation planning documents. The degree to which these planning documents address climate change
are the dependent variables of the current study. Do state governments represent the majority opinion of their constituents
in their plans to address or not address climate change? Do factors related to perceived state vulnerability to, or experience
with, hazards predict what is in state planning documents?
3. Hypothesis

At the state-level, state water plans have increasingly been adopted to plan for future water needs. Twenty-nine states,
mostly western states, have adopted water plans. Comprehensive water planning at the state-level is (with significant excep-
tions) a more varied phenomenon than water planning at the level of individual water projects, or hazard mitigation and
emergency planning at the state-level. However, state water plans articulate state policy preferences around an important
resource issue and are, as such, worthy of research.

Of particular interest for this study are the assumptions that go into future water supply and demand scenarios that states
plan for as these represent assumptions about the degree to which the future climate will change. Typically, future water
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supply projections are based on past supplies. Future water demand projections are traditionally based on population and/or
economic scenarios, particularly for agricultural use. Climate change based assessments, however, have projected with
increasing confidence that water supplies will change as the climate continues to change (e.g., Georgakakos et al., 2014).
Water supplies in some places like the American southwest will diminish while they increase in other places. These assess-
ments also suggest that water demand will change because of a changing climate. As temperatures increase, there will be
increased demand for water to cool buildings and for agriculture as more water evaporates from the ground surface. To what
extent these projected changes are being accounted for in water plans and understanding what motivates some states to
account for these changes more so than others, are important questions for practitioners and scholars alike.

This study tests those motivations with the following hypotheses:

h1a: States will increasingly account for the impacts of climate change on their water resource portfolio (h1) based on the
vulnerability of those resources to a changing climate (v1).
h1b: States will increasingly account for the impacts of climate change on their water resource portfolio (h1) based on
public support for adopting policies to adapt to a changing climate (v2).
h1c: States will increasingly account for the impacts of climate change on their water resource portfolio (h1) based on
state’s percentage of Democratic vote in presidential elections (v3).

Taken together, these hypotheses are represented as follows:
Please
h1 ¼ ðv1 þ v2 þ v3Þ þ E ð1Þ

The dependent variable for all hypotheses, h1, is the degree to which climate change is addressed by the state water plan.

Independent variables considered are vulnerabilities of water resources to climate change, the partisan vote share in each
state, and public support for climate change policy.

In order to provide a comparison with another management function at the state level, we include a second model exam-
ining the state hazard mitigation plans. Like water plans, hazard mitigation plans address climate change to differing
degrees. Also like water plans, they are created at the state level and represent policy choices of the states. However, the
two plans are typically created by different agencies within the states and therefore represent an opportunity to compare
findings. Similar to the water plans, we hypothesize that:

h2a: States will increasingly account for the impacts of climate change on their hazard mitigation plan (h2) based number
of recent disasters (v4).
h2b: States will increasingly account for the impacts of climate change on their hazard mitigation plan (h2) based on pub-
lic support for adopting policies to adapt to a changing climate (v2).
h2c: States will increasingly account for the impacts of climate change on their hazard mitigation plan (h2) based on
state’s percentage of Democratic vote in presidential elections (v3).

Taken together, these hypotheses are represented as follows:
h2 ¼ ðv2 þ v3 þ v4Þ þ E ð2Þ
4. Methods and data

Ordinal logistic regression modeling is used to test the relationships between the dependent variables (e.g., degree to
which states address impact of climate change on water plans and hazard mitigation plans) and the independent variables
considered in this study. Data are drawn from several sources as well as developed from content analysis.
4.1. Dependent variables

Data for the dependent variable (h1) were drawn from a content analysis of state water plans. These plans were down-
loaded directly from the states that have state water plans as of 2015. Of the twenty-nine states with water plans at the time,
twenty have produced an updated plan within the previous five years. These plans vary in complexity and detail. Plans range
from less than one hundred pages in length to well over 1000 pages. The plans also vary in their content. Most plans make
quantitative assessments of current water usage, water demand, and water supply as well as projections of future water
demand and supply. Appendix A provides descriptive information on the state water plans used in this study.

Many states also have drought plans and they were initially considered as a potential data source for this study. However,
after initially analyzing several drought plans, it became apparent that these plans were much less current and much more
process focused than the water resource plans. Perhaps because of their focus on process, many of the state drought plans
were more than a decade or two old, making them less likely to address climate change issues simply based on when they
were written. Furthermore, unlike state water plans, which generally include quantitative outlooks and assessments of vari-
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ables related to climate change, drought plans mostly focus on the decision-making process for the state to formally declare
a drought. Therefore, we did not pursue a model here that examined state drought plans.

To quantify the dependent variables in the state water plan model (h1) and the state hazard mitigation plan model (h2),
Babcock’s (2013) four category content analysis procedure to assess the degree to which climate change is accounted for in a
plan was applied. Babcock’s (2013) study also included descriptive data on attributes of the state hazard mitigation plan,
including publication year, source, summary, summary of climate change presentation, and any mention of climate change
adaptation. The state water plans in this study were also coded for this kind of descriptive data. Although Babcock’s analysis
was not as rigorous as other evaluations of state hazard mitigation plans (e.g., Berke et al., 2012), its focus on addressing
impacts of climate change and its relatively simple methodology lent itself to application here.

A four-category coding scheme was developed based on the methodology described by Babcock (2013) (see Appendix B).
The coding scheme was tested independently by three coders on four state hazard mitigation plans randomly chosen from
each of Babcock’s four categories (See Appendix C for intercoder reliability test results). Of the twelve coding attempts, nine
of the categories assigned matched those assigned by Babcock (2013). The three coding mismatches or ‘‘discrepancies” per-
tained to states that Babcock (2013) had assigned a category of two or three, and those ‘‘discrepancies” were only one cat-
egory off from Babcock’s designation (e.g., the category assigned by the coder was only one level different fromwhat Babcock
has assigned). The overall error rate was 3/12 or twenty-five percent, however, the coding for the extreme categories (one
and four) was perfect. This error rate translates to an overall percentage agreement rate of seventy-five percent, which is
within the range of seventy to ninety-seven percent intercoder reliability for state plan evaluations reported by others
(Berke and Godschalk, 2009).

The coding scheme was then applied to the twenty-nine water plans to assign categorical rankings to each water plan.
Those rankings are reported in Table 1 together with Babcock’s (2013) rankings of the state hazard mitigation plans. In order
to show spatial patterns, the results of both rankings are also presented geographically in Fig. 1 (State hazard mitigation plan
rankings 1–4) and Fig. 2 (State water plan rankings 1–4). The correlation coefficient between the two rankings for the 29
states that have both plans is 0.51.
4.2. Constructing the independent variables

Data for independent variables are drawn from multiple sources. Constituent support for policies to address climate
change (v2) is drawn from Pew survey data (Pew, 2007, 2010). These data are aggregated to the state-level. Voting data
(v3) are drawn from the Federal Elections Commission dataset (FEC, 2012). Disaster data comes from FEMA (FEMA, 2011).
Vulnerability to natural disasters (v4) is operationalized as the total number of declared disasters by state from 1953 to
2011 across all disaster types.

Nationally consistent data on state water resources availability and water resource vulnerability (v1) to climate change
are not readily available. Recognizing this challenge, Congress in 2009, through the SECURE Water Act, directed the US Geo-
logical Survey to conduct a ‘‘national water availability and use assessment program” that would, among other things, ‘‘pro-
vide a more accurate assessment of the status of the water resources of the US” (USGS, 2015). Unfortunately, these data do
not yet exist, requiring a different approach for obtaining data for v1. Certainly, the state water plans themselves often pro-
vide this assessment. However, as described previously, the plans vary greatly in their level of detail and the way they
describe current and future water availability. Furthermore, since those plans are the focus of this study and the data from
which the dependent variable is drawn, it would not be appropriate to use them to also define the independent variables.
Instead, to obtain consistent data independent of the state water plans on a national scale, we turn to two sources: (1) Pad-
owdki and Jawitz’s (2012) study of the water resources availability and vulnerability for the nation’s 225 largest cities, and
(2) the 2014 National Climate Assessment (Melillo et al., 2014).

Padowdki and Jawitz (2012) assessed both current and future water supplies relative to demand for the 225 largest cities
in the US. They considered surface water supplies including streams, major rivers, lakes, and reservoirs as well as ground-
water to develop a water availability index with a value for each of the 225 cities. They then assessed the water demand
based on populations and use patterns to make a categorical assessment of each city’s future vulnerability. To overcome
the lack of nationally consistent water resources data, this study relied on several assumptions to develop its availability
Table 1
Cross tabulated rankings for state hazard mitigation plans and state water plans. Ranking based on Babcock (2013). The higher number scores represent greater
inclusion and accuracy of climate change information in the plans. 1 = No discussion/inaccurate discussion; 2 = Minimal mention; 3 = Accurate but limited
discussion; 4 = Thorough discussion.

State hazard mitigation plan rankings

1 2 3 4

State water plan rankings 1 GA, MO, NV, NM, ND, SD, WY AZ, ID, IA, UT, VA FL, NJ
2 AL KS, SC, TX WV
3 MT AR, PA MN HI
4 OK OR, RI CA, CO
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Fig. 1. State hazard mitigation plan rankings for addressing impacts of climate change. Data from Babcock (2013). The higher number scores represent
greater inclusion and accuracy of climate change information in the plans. 1 = No discussion/inaccurate discussion; 2 = Minimal mention; 3 = Accurate but
limited discussion; 4 = Thorough discussion.
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index. Significant among these are the inability to represent the intricacies of the water management infrastructure, includ-
ing water transfers between rural, agricultural, and urban entities.

Nonetheless, the Padowdki and Jawitz (2012) water availability index is consistent across the country. We utilized this
index to create a statewide index by averaging the availability values from the cities in each state to create a state availability
index (see Fig. 3). This is a dimensionless index with higher values indicating more water availability and lower values indi-
cating less availability within the state. In addition to the limitations of the Padowski and Jawitz (2012) city index (e.g. the
inability to represent water management infrastructure between rural, agricultural, and the urban entities represented by
the index), this index has at least two more important limitations: first and foremost, it does not reflect agricultural or rural
water resource availability. In most states, those water uses are larger than the urban water uses. However, at a state or
regional level, water resources availabilities and vulnerabilities, in particular, are broadly consistent. Second, states have
widely differing numbers of the 225 urban areas within their boundaries. Some states such as Wyoming do not have any
urban areas whereas others like California have many. That said, this index (see Fig. 3) does present a regionally appropriate
picture of water availability with the least availability in the semiarid southwestern United States and the greatest availabil-
ity in the Gulf Coast states, the Midwest, and the Pacific Northwest. At that level, this dataset accurately reflects regional
patterns of water availability.

The second study used to inform analysis of state water availability and vulnerability at the state level is the third
National Climate Assessment; in particular, the chapter on water resources (Georgakakos et al., 2014). Although the National
Climate Assessment does not provide state-level data, it does provide an assessment of the regions where water resources
are expected to be most impacted by climate change. The major rivers in Southwestern U.S. are expected to see dramatic
declines in streamflows, while those in the Northwest are expected to see increases. While the magnitude of change is
dependent on the climate change scenario presented, the direction of change (e.g., increase or decrease) is consistent across
all scenarios. While these data are not available at the state level, the general pattern of Southwestern states facing declining
Fig. 2. State water plan rankings for addressing impacts of climate change. The higher number scores represent greater inclusion and accuracy of climate
change information in the plans. 1 = No discussion/inaccurate discussion; 2 = Minimal mention; 3 = Accurate but limited discussion; 4 = Thorough
discussion.
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Fig. 3. State water availability index. Based on Padowski and Jawitz (2012) city availability index.
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water resources with climate change will be used to inform a qualitative discussion about Southwestern states and how they
address climate change in their water plans.

Table 2 summarizes the variables used in this study.
To graphically illustrate the relationships between the dependent and independent variables, Figs. 4 and 5 show the inde-

pendent variables used in this study as a function of the dependent variables. As the quantitative modeling results will show
later, these figures show a stronger qualitative relationship between both state plans and the state presidential vote than the
other independent variables.

5. Models

The following ordinal logistic regression models are used:
Please
h1 ¼ ðv1 þ v2 þ v3Þ þ E ð3Þ

h2 ¼ ðv2 þ v3 þ v4Þ þ E ð4Þ

Ordinal logistic regression models were chosen as the dependent variables in both cases are ordered categorical variables

with no defined zero and no consistent interval between defined categories. In both the water plan model (Eq. (3)) and State
Hazard Mitigation Plan model (Eq. (4)), data are available and used for the entire population. This means that probability
sampling methods are not necessary. Or course, the sample size for both models is necessarily limited given the number
of US states. This limitation provides an important caveat on the results that is acknowledged and discussed later. In addi-
tion, as with any model, the ordinal logistic regression model has limitations. Nonetheless, given that our dependent vari-
ables are categorical rather than continuous or ordinal, ordinal logistic regression is the best model choice for our data.

For state water plans, the model (Eq. (3)) was run with only twenty-six states that have both water plans and a water
availability index. For the state hazard mitigation plans, the model (Eq. (4)) was run for all fifty states. Many permutations
to the model were tested including running them on subsets of the states, using somewhat different representations for vari-
ables, and including different variables altogether in order to test for consistency of results. The variables in Eqs. (3) and (4)
show some multicollinearity between Public support for climate change abating policy in 2010 and Republican Presidential vote
in 2012, which may be affecting the accuracy of the regression coefficients, but the variance inflation factor between these
variables is less than 2.5 so we have chosen to include both in the two equations.

The models reported here utilize the 2010 Pew survey results for Public support for climate change abating policy in 2010
and Republican Presidential vote in 2012. Similar results were reported when the model used the 2008 Presidential vote and/
or the 2007 Pew survey results public support for climate change abating policy. Similarly, additional models were tested
with other independent variables such as statewide average level of education, but none of these independent variables were
found to be significant.

6. Results

Ordinal logistic regression model results for the water plan model are reported in Table 3 and for the state hazard mit-
igation plan model are shown in Table 4. For the state water plan model (Eq. (3)), regression coefficient values (B estimate)
for the Republican President vote 2012 and Water availability variable are similar to their corresponding standard error esti-
mates indicating significant relationships. For Republican President vote 2012, the �5.39 B estimate indicates that a 1%
increase in vote for the Republican presidential candidate reduces the log odds of incorporating climate science into the state
water plan by 5.39. Similarly, for water vulnerability, the 0.38 B estimate indicates that 1% increase in water availability
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Table 2
5858Summary of variables used in the study. All data are at the state level. Includes both dependent and independent variables.

Variable Description Min.
value

1st
quartile

Median 3rd
quartile

Max.
value

h1 State water plan ranking 1 2 2 3 4
h2 State hazard mitigation plan ranking (from Babcock, 2013) 1 1 2 3 4
v1 Water resources vulnerability (derived from Padowdki and Jawitz, 2012) 0.130 1.089 1.715 5.650 50.220
v2 Public support for climate change adaptive policies (from Pew, 2010) 0.143 0.300 0.383 0.441 0.625
v3 Voted for Democratic Presidential candidate (FEC, 2012) 0.272 0.422 0.523 0.589 0.927
v4 Number of natural disasters (FEMA, 2011) 9 24 39 49 86

Fig. 4. Ranking of state water plans in terms of their use of climate change information as a function of independent variables. Independent variables used
in the ordinal logistic model: 2012 presidential vote, water availability index, and 2010 public support for climate change adaptation policies.

Fig. 5. State hazard mitigation plan rankings as a function of independent variables. Independent variables used in ordinal logistic model: presidential vote
in 2012, number of disasters, and public support for climate change adaptation policies in 2010.
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Table 3
Ordinal logistic regression model results for the state water plan model (h1). B estimates are the regression coefficients, SE are the standard errors, t are the t-
test values, OR are the odds ratios, and CI are the confidence intervals.

Variable B SE t OR CI (2.5%) CI (97.5%)

Republican President vote 2012 �3.04 4.63 �0.657 0.048 0.000 417
Water availability 0.03 0.30 1.03 1.03 0.98 1.09
Public support of climate change 1.80 3.27 0.534 6.04 0.08 4460

N = 26 (full population)

Table 4
Ordinal logistic regression model results for the state hazard mitigation plan model (h2). B estimates are the regression coefficients, SE are the standard errors, t
are the t-test values, OR are the odds ratios, and CI are the confidence intervals.

Variable B SE t OR CI (2.5%) CI (97.5%)

Republican President vote 2012 �15.62 4.02 �3.89 0.000 0.000 0.000
Number of natural disasters 0.005 0.017 0.323 1.01 0.97 1.04
Public support of climate change 1.86 2.48 0.749 6.40 0.05 8.29

N = 50 (full population)
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reduces the log odds of incorporating climate science into the state water plan by 0.036. Interestingly, for public opinion, the
standard error estimate is much greater than the B estimate indicating that this variable is much less significant in predicting
the water plan ranking. The model confidence intervals provide another estimate of the relative importance of the indepen-
dent variables. Independent variables whose confidence intervals do not cross zero are considered insignificant. For the
water plan model (Eq. (3)), Republican President vote 2012 is the only independent variable that intersects zero. Since the
model utilizes the full population of state-level data, the p values reported are not as indicative of significance as they could
be in a study using a data sampling strategy. Therefore, we conclude that a Republican President vote and water availability
are both significant predictor variables for water plan rankings (e.g., the 1–4 rankings described earlier).

For the state hazard mitigation plan model (Eq. (4)), Republican President vote 2012 independent variable emerges as the
most significant predictor variable. Its regression coefficient (B estimate), �15.62, is much greater than its standard error
(4.02) and its confidence interval is very narrowly centered around zero. The standard errors for the other two independent
variables in that model (v1 and v2) are much greater than their regression coefficient and their confidence intervals do not
intersect zero. Therefore, we conclude that the state Republican vote is the only significant predictor variable for state hazard
mitigation plan rankings.

The similarities between the water plan model results and hazard mitigation model results are striking. Although the
models included different independent and dependent variables as well as different configurations of states, both models
showed the presidential vote as a significant predictor variable for the state water and hazard mitigation plans.

These results are consistent with a qualitative inspection of the states in the region most at risk of reduced water supplies
as reported by the Climate Assessment (Georgakakos et al., 2014). This region is Southwestern United States including Ari-
zona, NewMexico, Utah, and Nevada, which are all states with a water plan ranking of one, meaning they did not account for
climate change at all in their water plans. However, this region also includes California, Colorado, and Oklahoma, which have
a water plan ranking of four. Similarly, in regions with a lower risk of their water supply decreasing, as a reported impact of
climate change in the National Climate Assessment, state water plans span all four water plan categories. This qualitative
analysis is consistent with the water plan ordinal logistic regression model showing a significant relationship with the pres-
idential vote, but apparently, also at odds with the model result showing a significant relationship with water availability/
vulnerability.

Recall that the hypotheses presented in this study suggested that states would incorporate climate change projections in
their water plans (h1) and hazard mitigation plans (h2), based on the vulnerability of those resources to a changing climate
(h1a and h2a), public support for adopting policies to adapt to a changing climate (h1b and h2b), and statewide percentage of
Democratic vote (h1c and h2c). These results require the acceptance of only the final set of hypotheses: h1c and h2c. Of the
three variables hypothesized to be significant predictors for each of the dependent variables only the presidential vote
was significant. And that variable only imperfectly represents the policy preferences of elected politicians toward climate
change.
7. Discussion

A speculative conclusion to be drawn from these results is that state plans (both for water and hazards) respond more to
the political party of elected politicians (as reflected by the presidential vote), than they do to the policy preferences of the
people or the state’s vulnerability to the natural phenomena of interest. Clearly, there are exceptions to this (e.g., Oklahoma’s
water plan ranking of four). We also emphasize again that this study does not perfectly represent any of the variables.
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Nonetheless, this study suggests additional data and analysis on both the impact of elected political leaders at the state-level,
on their planning efforts as well as the apparent lack of impact of the changing climate, and the policy preferences of the
state constituents would all be fruitful avenues to pursue. Additionally, as the rate of climate change increases and impacts
to water resources becomemore apparent, particularly in Southwestern United States, the management and planning efforts
of those states should be monitored to assess when and how there are changes responsive to the emerging realities of shrink-
ing water resources in the region.

Although the contents of the water plans themselves are apparently less driven by a state’s vulnerability to shortages in
water resources, the existence of a water plan in the first place, might be (see Fig. 3). As noted earlier, western states are far
more likely to have a water plan than are eastern states. This pattern follows qualitatively the regions that are currently
experiencing the greatest challenges with water supply. The southwestern states have dealt with the semiarid climate that
has existed throughout their history. As water demands have grown during the 20th century, these states have a history of
making difficult decisions to balance water supply and demand. The southwestern states are also most at risk for reductions
in water supplies and challenges with water resources as described by the National Climate Assessment. Furthermore,
within the western US, states with no plan (e.g., Washington) or older plans (e.g., Idaho), tend to be northern states with less
risk of reducing water supplies than their southern counterparts. Perhaps vulnerability, therefore, is a predictor for the exis-
tence of a water plan more than the contents of a water plan.

While this study produced robust results across configurations of modeling and data, it does have limitations. Limitations
include data, sample size, sampling, and timeliness. The data used in this study were drawn from different sources with vary-
ing levels of measurement. For example, the lack of a consistent state-level data set on water resources vulnerability that led
to the aggregation of the Padowski and Jawitz (2012) city-level data to state-level in this study. Sample size is another lim-
itation. Using state-level data, the largest possible sample is 50, but this study often included fewer states. This was partic-
ularly the case here for the water plans as only 29 out of 50 states have water plans. Although the sample size limitation was
partially mitigated by running permutations of the regression models with differing subsamples to test for significance, the
results are fundamentally limited to the data available. The samples themselves (e.g., state-level data) are also quite diverse
in their depth. Water planning is much more limited in scope for smaller states than it is for larger states. Finally, the results
are necessarily time bound. As policy and political drivers continue to change into the future, the relationships documented
will likely continue to evolve as well and should, therefore, be reassessed over time.
7.1. Future research

Even with these limitations, the results of this study have important implications both for future research and for prac-
titioners in water resources planning. Future research should build on this study in five main areas: improving data, testing
results on a different unit of analysis, comparing with research studying risk management on different time and space scales,
further exploring the linkage between water planning and politics, and testing state planning efforts in other areas for sim-
ilar relationships.

As previously discussed, one of the challenges in conducting this study was the available data. The most limiting aspect
was the lack of an existing, robust dataset on state-level water vulnerability. As the US water census (USGS, 2015) that Con-
gress funded the USGS to conduct to quantify water systematically across the country is developed in the coming years, that
dataset should address this limitation. Further, new data will be available including new polling data like the Pew (2010)
dataset, data from elections after 2012, and new water plans. Each of these datasets would provide an opportunity to
increase the robustness of findings from this study. There will also be increasing opportunities for conducting longitudinal
studies over time to assess how the relationships between predictor variables and water planning evolve. Moreover, as the
pace of climate change accelerates and its impacts on water resources become more evident over the coming years, that too
will provide an interesting basis for research into how states that currently ignore climate change might change their plan-
ning approach to incorporate climate change projections.

Second, repeating this study with a different unit of analysis, such as water district planning, would be revealing. Water
districts are public sector agencies with responsibility for providing water to their customers. They are typically much smal-
ler than states, more removed from the politics than state government, and, unlike most states, have direct responsibility for
providing water. Water districts are typically run by professional directors with engineering backgrounds. Their governance
structures vary widely although directors generally report to a governing body with representatives elected by the voters in
the district or appointed by elected leaders in the district. Perhaps because water districts are singularly focused on water,
their governing bodies tend to be much less partisan and political than state legislatures and governors that ultimately over-
see state water planning efforts. It is likely that district directors have more latitude in their planning efforts generally but
also specifically to consider climate change than at the state-level. This hypothesis could be tested by repeating some ele-
ments of this study at the water district level.

Planning for major river basins that include multiple states, countries, and/or water districts is another unit of analysis
that offers an interesting scale for future research questions (e.g., Feldman, 2013). Unlike the state or water district level,
there is not typically a single water management agency responsible for planning or governing water across the major river
basin. Instead, water at the major river basin scale is typically governed by long standing treaties or compacts between the
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states, countries, and/or water districts with interests in the basin. These governing instruments may be amended over time
to address challenges, conflicts, or evolving needs by the signatories. In the context of this study, how do plans for a resource
shared among politically diverse states consider climate change? The Colorado River Basin includes states like California that
have demonstrated a desire to plan for a changing climate but also states like Arizona that have refused. The Colorado River
Basin Study produced by the federal government in partnership with the seven basin states is fertile ground for such a study
(USBR, 2010).

A third avenue of future research is a comparison of the relative importance and application of science and of politics in
water planning and in crisis management in relation to other natural phenomena such as flooding or earthquakes. In each of
those phenomena, there is both a body of scientific knowledge around predicting and understanding the phenomena itself
and political policy choices around mitigating or reducing the impacts. Moreover, there is considerable literature on ways
that different cultures consider and act on risk. For example, Bernhardsdottir (2013) examines how four different types of
cultures (fatalism, individualism, hierarchy, and egalitarianism) perceive risk in crisis management. Through the grid-
group culture lens, Texas might be characterized as more individualistic and California as more egalitarian. There is also sig-
nificant body of political culture research that highlight how policy preferences of U.S. states is shaped by tradition (Elazar,
1966), religious make-up (Morgan and Watson, 1991), migration patterns, and economic profile (Florida, 2005). The charac-
terization of Texas and California as extreme ends of the policy preference spectrum with regard to water and risk manage-
ment could be refined tested, in a future study examining other policy areas and drawing on political and risk culture
concepts.

Fourth, although this study documented partisan based policy differences in how state water plans address climate
change, it leaves unanswered how exactly those political preferences make their way into state policy. Are water planners
in Democratic states more likely to address climate change because they themselves are more predisposed to it? Are they
receiving direction from their political leadership? And how does that work in the ‘‘outlier” states such as Republican Okla-
homa that addressed climate change extensively in its planning efforts or Democratic New Mexico that largely ignored it?
Understanding these outliers may shed light on bureaucratic versus political drivers of policy adoption (Berry and Berry,
1999; Downs, 1976).

Finally, future research should examine state planning efforts in other areas to test if the partisan composition of the state
electorate create similar outcomes with regard to incorporating climate change in those plans. States that routinely generate
plans in a myriad of areas will likely be impacted by climate change including transportation, public health, land use, energy,
and even climate adaptation. Do some areas of planning incorporate climate change more than others? Are some areas of
planning more buffered from politics than others? Are plans within a particular state consistent in how they address climate
change? These questions might be addressed through a procedure similar to the one used in this study to compare state haz-
ard mitigation planning and state water planning (see Table 3). Understanding differences in sensitivity to political pressures
across substantive planning fields would illuminate motivators for planning in those fields.

7.2. Conclusions

The results of this study and future research are relevant for the water resources practitioner who often views his or her
work as separate from the political world. As water resources agencies continue to grapple with meeting the challenges
imposed by climate change, the results suggest that they will also have to meet the challenges imposed by the political sys-
tem they operate within and the policy preferences related to climate change of the political leadership they serve. The study
results are also highly pertinent to any efforts at creating a coordinated or cohesive national strategy regarding water and
natural risk management. State politics matter for water planning, particularly if states voted Republican in a recent Pres-
idential election. Should Republican states continue to not incorporate climate change into their planning efforts, this will
add an important obstacle for water resource planners charged with ensuring their constituents will have reliable sources
of water into the future.

Appendix A. State water plans used in study. The following states did not have a state water plan: AK CT DE IL IN KY LA
ME MD MA MI MS NE NY NC OH TN VT and WI.
Pl
State
ease cit
Plan Name
e this article in press as: Werner, K., Svedin, L.. Clim
Link
ate Risk Management (2017), http://dx.doi.org/10.1016/j
Year
AL
 Mapping the Future of Alabama Water
Resources Management: Policy Options and
Recommendations
http://adeca.alabama.gov/Divisions/owr/
awawg/pages/default.aspx
2014
AZ
 Arizona’s Next Century: A Strategic Vision
for Water Supply Sustainability
http://www.azwater.gov/AzDWR/Arizonas_
Strategic_Vision/
2014
(continued on next page)
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http://www.azwater.gov/AzDWR/Arizonas_Strategic_Vision/
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Appendix A (continued)
State
lease cit
Plan Name
e this article in press as: Werner, K., Svedin, L.. Clim
Link
ate Risk Management (2017), http://dx.doi.org/10.1016/j
Year
AR
 Arkansas Water Plan
 http://arkansaswaterplan.org/
 2014

CA
 California Water Plan
 http://www.waterplan.water.ca.gov/
 2013

CO
 Colorado Water Plan
 http://coloradowaterplan.com/
 2014

FL
 Florida Water Plan
 http://www.dep.state.fl.us/water/waterpolicy/

fwplan.htm

2013
GA
 Georgia’s State Water Plan
 http://www.georgiawaterplanning.org/
 2008

HI
 Hawaii Water Plan
 http://dlnr.hawaii.gov/cwrm/planning/

hiwaterplan/

2008
ID
 State Water Plan
 http://www.idwr.idaho.gov/waterboard/
WaterPlanning/Statewaterplanning/State_
Planning.htm
2012
IA
 Iowa Water Plan
 http://www.iowadnr.gov/Environment/
WaterQuality/IowaWaterPlan.aspx
2007–2012
KS
 Kansas Water Plan
 http://www.kwo.org/Kansas_Water_Plan/
KansasWaterPlan2014.html
2014
MN
 2010 Minnesota Water Plan
 https://www.eqb.state.mn.us/sites/
default/files/documents/2010_Minnesota_Water_
Plan.pdf
2010
MO
 Missouri Water Plan
 http://www.dnr.mo.gov/env/wrc/
statewaterplanmain.htm
various
MT
 Montana State Water Plan
 http://www.dnrc.mt.gov/wrd/water_mgmt/state_
water_plan/
2015
NV
 Nevada State Water Plan
 http://water.nv.gov/programs/planning/
stateplan/
1999
NH
 http://des.nh.gov/organization/divisions/water/
dwgb/wrpp/index.htm
NJ
 Water Supply Action Plan
 http://www.state.nj.us/dep/watershedmgt/DOCS/
pdfs/WaterSupplyActionPlan03-04.pdf
2003
NM
 Working Toward Solutions: Integrating our
water and our economy
http://www.ose.state.nm.us/Planning/index.php
 2013; review
of 2003 water
plan
ND
 State Water Management Plan
 http://www.swc.nd.gov/4dlink9/4dcgi/
GetContentPDF/PB-2519/Water%20Plan.pdf
2015
OK
 Oklahoma Comprehensive Water Plan
 http://www.owrb.ok.gov/supply/ocwp/ocwp.php
 2012

OR
 Oregon’s Integrated Water Resource

Strategy

http://www.oregon.gov/owrd/pages/law/
integrated_water_supply_strategy.aspx
2012
PA
 State Water Plan
 http://www.pawaterplan.dep.state.pa.us/
statewaterplan/docroot/default.aspx
2009
RI
 Rhode Island Water 2030
 http://www.planning.ri.gov/
statewideplanning/land/water.php
2012
SC
 South Carolina Water Plan
 http://www.dnr.sc.gov/water/waterplan/index.
html
2004,
assessm. in
2009
SD
 State Water Plan
 https://denr.sd.gov/dfta/wwf/statewaterplan/
statewaterplan.aspx
2013
TX
 Water for Texas
 https://www.twdb.texas.gov/waterplanning/swp/
 2012

UT
 Utah Water Resources: Planning for the

Future

http://www.water.utah.gov/waterplan/SWP_pff.
pdf
2001
VA
 State Water Plan
 http://www.deq.virginia.gov/Programs/Water/
WaterSupplyWaterQuantity/
WaterSupplyPlanning/StateWaterPlan.aspx
2014
WV
 State Water Resources Management Plan
 http://www.dep.wv.gov/WWE/wateruse/
WVWaterPlan/Pages/default.aspx
2013
WY
 Leading the Charge
 http://waterplan.state.wy.us/
 2015
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https://www.eqb.state.mn.us/sites/default/files/documents/2010_Minnesota_Water_Plan.pdf
https://www.eqb.state.mn.us/sites/default/files/documents/2010_Minnesota_Water_Plan.pdf
https://www.eqb.state.mn.us/sites/default/files/documents/2010_Minnesota_Water_Plan.pdf
http://www.dnr.mo.gov/env/wrc/statewaterplanmain.htm
http://www.dnr.mo.gov/env/wrc/statewaterplanmain.htm
http://www.dnrc.mt.gov/wrd/water_mgmt/state_water_plan/
http://www.dnrc.mt.gov/wrd/water_mgmt/state_water_plan/
http://water.nv.gov/programs/planning/stateplan/
http://water.nv.gov/programs/planning/stateplan/
http://des.nh.gov/organization/divisions/water/dwgb/wrpp/index.htm
http://des.nh.gov/organization/divisions/water/dwgb/wrpp/index.htm
http://www.state.nj.us/dep/watershedmgt/DOCS/pdfs/WaterSupplyActionPlan03-04.pdf
http://www.state.nj.us/dep/watershedmgt/DOCS/pdfs/WaterSupplyActionPlan03-04.pdf
http://www.ose.state.nm.us/Planning/index.php
http://www.swc.nd.gov/4dlink9/4dcgi/GetContentPDF/PB-2519/Water%20Plan.pdf
http://www.swc.nd.gov/4dlink9/4dcgi/GetContentPDF/PB-2519/Water%20Plan.pdf
http://www.owrb.ok.gov/supply/ocwp/ocwp.php
http://www.oregon.gov/owrd/pages/law/integrated_water_supply_strategy.aspx
http://www.oregon.gov/owrd/pages/law/integrated_water_supply_strategy.aspx
http://www.pawaterplan.dep.state.pa.us/statewaterplan/docroot/default.aspx
http://www.pawaterplan.dep.state.pa.us/statewaterplan/docroot/default.aspx
http://www.planning.ri.gov/statewideplanning/land/water.php
http://www.planning.ri.gov/statewideplanning/land/water.php
http://www.dnr.sc.gov/water/waterplan/index.html
http://www.dnr.sc.gov/water/waterplan/index.html
https://denr.sd.gov/dfta/wwf/statewaterplan/statewaterplan.aspx
https://denr.sd.gov/dfta/wwf/statewaterplan/statewaterplan.aspx
https://www.twdb.texas.gov/waterplanning/swp/
http://www.water.utah.gov/waterplan/SWP_pff.pdf
http://www.water.utah.gov/waterplan/SWP_pff.pdf
http://www.deq.virginia.gov/Programs/Water/WaterSupplyWaterQuantity/WaterSupplyPlanning/StateWaterPlan.aspx
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Appendix B. Coding scheme: categorization of climate change treatment in state mitigation and state water plans

Coding Instructions
Background: FEMA requires each state to develop a State Hazard Mitigation Plan. These plans are intended to assess risks,

organize resources, and establish a plan for mitigating risks with available resources. Each state is responsible for developing
their own risk assessment and plan and presenting those in their State Hazard Mitigation Plan. As such, those plans address
the hazards posed by climate change in different ways. Babcock (2013) defined an ‘‘intentionally broad” ranking system for
categorizing how each state treats climate change. He used a four category system defined as follows:

1. No discussion of climate change or inaccurate discussion of climate change.
2. Minimal mention of climate change related issues.
3. Accurate but limited discussion of climate change and/or brief discussion with acknowledgement of need for future

inclusion.
4. Thorough discussion of climate change impacts on hazards and climate adaptation actions.

States were qualitatively assigned to categories based on the following criteria:

1. Effect of climate change considered (quantitatively, qualitatively, and anecdotally).
2. Adaptation to climate change considered (explicitly, implicitly, targeted, or general).
3. Summary of climate change presentation.

In order to apply Babcock’s (2013) to state water plans, the following coding schema is used to reproduce Babcock’s
(2013) rankings for state hazard mitigation plans before applying this schema to state water plans.

Schema

1. Search appropriate risk assessment documents for occurrences of ‘‘climate change”. Assess surrounding text for criteria 1
(effect of climate change considered). If no discussion or grossly inaccurate discussion is present, assign state to category
1. If discussion is present, proceed to step 2.

2. If climate change does not have its own section, is minimal in nature, and does not acknowledge the need for future inclu-
sion, assign to category 2. Otherwise proceed to step 3.

3. If there is a thorough discussion of the impacts of climate change on hazards identified and identification of climate adap-
tation actions, assign to category 4. Otherwise assign to category 3.

Appendix C. Intercoder reliability test

Coding schema test results from three independent coders on four state hazard mitigation plans and comparison to cat-
egories assigned by Babcock (2013).
Pl
State
ease cite this article in press
Babcock
as: Werner, K., Svedin, L.. Clim
Coder 1
ate Risk Management (2017), ht
Coder 2
tp://dx.doi.org/10.1016/j.crm.20
Coder 3
WY
 1
 1
 1
 1

NH
 4
 4
 4
 4

NJ
 3
 3
 4
 4

OH
 2
 2
 2
 3
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