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Abstract: The food–energy–water (FEW) nexus is, by definition, a “wicked problem” in that potential
solutions in one sector may inadvertently create perverse effects in another. For example, rapid
population growth in conjunction with increasing urbanization will add additional stress to current
pressures on the world’s FEW resources. Water scarcity will increase challenges in providing
plentiful foods, as well as clean, potable water. Water is also critical to energy production—and
conversely—energy is needed to deliver clean, safe water. Extant and projected demand for FEW
creates an intertwined problem of supply and demand and new policy considerations for managing
the nexus. This study examines the FEW policy tradeoff preferences of the public in California, Idaho,
Oregon and Washington states, using survey data collected in 2018. More specifically, this study
examines the impact of demographic control variables, FEW knowledge, and environmental values
and beliefs on hypothetical tradeoffs between FEW policy preferences. Findings suggest that those
respondents that believe in human-caused climate change and with higher new ecological paradigm
(NEP) scores were more supportive of water quality issues versus hydroelectric energy production,
rural solar energy development versus limiting rural solar development for food production, and
water quality over food production for a growing population.
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1. Introduction

Water is required for agricultural produce, energy is required to pump the water from
various sources, and again water is used for hydropower to generate electricity (energy).
Hence, a vicious circle of water–food–energy is created where one imbalance leads to the
deterioration of all the components. However, the global community has addressed each of
the components separately, but rarely have they addressed the problems that the three face
together because of their close association. [1] (p. 3042)

This quote from Barik et al. [1] illustrates the complexity of food, water and energy (FEW) policy
and the historical lack of attention given by policymakers and managers to the FEW nexus, or the
point where actions in one sector impacts the others. The interconnectivity between all three nexus
components is crucial as it is the foundation “upon which our current civilization depends for social
and political stability” [2] (p. 7). Focus on the FEW nexus has raised significant concerns about creating
policies that address both individual sectors of the nexus and the integrated nature of FEW. Similarly,
research into public preferences concerning FEW policy tradeoffs is limited, yet increasingly important,
as climate change effects threaten each of the separate FEW policy domains, but also the integrated
nature of FEW policy issues [3].

Political conflict over many public policy issues, such as the FEW nexus, are often framed by
the cultural context within which they take place [4–6]. Such cultural contexts can differ significantly
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between regions of the country [6,7]. For example, the relatively liberal (i.e., “blue”) Pacific coast states
of California, Oregon and Washington are more prone to adopt environmental protection policies
when compared to more politically conservative (i.e., “red”) states such as Alabama and Mississippi.
Moreover, issues embedded in FEW tradeoffs have major implications for a broad range of personal
and political values and beliefs [3]. Therefore, to the degree that individual values and beliefs impact
FEW policy tradeoffs, we expect FEW tradeoff preferences to vary significantly in accordance with
differences in beliefs and values.

In 2019, the world population is 7.3 billion people, but is anticipated to grow to 9.8 billion by 2050
and 11.2 billion by 2100 [8]. As population continues to grow, so will urbanization, which increases the
potential for economic development opportunities through “innovation and increased economies of
scale” [9] (p. 1). Concurrent with economic growth is an anticipated increased demand for consumer
goods and services, prompting further pressures on the “wealth-creating potential of water, energy
and land” [10]. Unless consumption patterns change to more sustainable practices, the earth’s natural
systems may become strained beyond human carrying capacity. This is already evidenced by water
scarcity that is currently affecting 2.8 billion people globally [11]. Due to increased demands for water
(and changes to water availability as a result of climate change), it is estimated that by 2025, “two-thirds
of the world’s population may face water shortages” [11] (p. 4).

As the global population continues to increase, climate change has created a perverse feedback
cycle resulting in less available and dependable fresh water supplies (needed for energy production
and food production), extended periods of drought (challenging food production), and the loss of
species critical to both ecosystem health and human consumption, as well as a myriad of other
consequences that directly and indirectly affect human health and wellbeing [12]. Consumption
patterns in developed countries are unsustainable at current rates, and current production cannot meet
the needs and demands of a growing population. Population growth coupled with climate change
inherently challenges food, water and energy needs that are the very foundation of human health and
wellbeing [12].

Research on public knowledge and attitudes toward FEW nexus policy preferences is limited.
Most research to date has focused on the scientific and technical aspects of the FEW nexus and not on
public awareness and policy preferences. As Portney et al. [3]—who conducted the first robust analysis
of public awareness and attitudes toward the FEW nexus—have stated, “ . . . to date, social, economic,
and policy issues associated with the nexus have largely been under-researched . . . there has been
very little social science or policy research on any aspect of this nexus” (p. 4). The study presented
here extends the discussion on the nexus begun by Portney et al. [3], examining the values, beliefs
and knowledge of individuals concerning FEW policy tradeoff preferences in the western states of
California, Idaho, Oregon and Washington.

This study begins with a brief overview of values–beliefs–norms theory (VBN), which will be
used to analyze the degree to which public attitudes and preferences toward FEW tradeoffs are rooted
in fundamental views of the relationships of humans and the environment [13]. In particular, the
focus is on identifying the extent to which socio-demographic characteristics, FEW knowledge, and
environmental value orientations affect FEW tradeoff preferences. We evaluate these relationships
with data collected via surveys from four Western states in the spring of 2018. We conclude with a
discussion of the policy implications of the findings.

2. Values–Beliefs–Norms (VBN) Theory and Correlates of FEW

Finding which variables demonstrate the potential for stable, consistent actions is critical to
formulating public engagement in resource reduction activities. While there are many possible
cognitive theories that could be employed in the research topic investigated here, VBN theory has been
a popular and useful approach to examine public policy preferences. The VBN theory is a cognitive
approach that suggests that individuals will be motivated to engage when values aligned with a
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movement they support are perceived to be threatened. The motivation translates into action if people
believe their efforts can help to restore those values [13].

VBN Theory has been used to explain environmental preferences as an outcropping of values that
can be measured by Dunlap et al.’s [14] new ecological paradigm (NEP) scale [15–17]. The NEP has
been successfully utilized as a scale to assess attitudes, beliefs and values as indicators of a broader
endorsement of a worldview that is ecologically centered [18]. These pro-environmental values provide
the basis for action when individuals are aware of environmental problems and feel their actions can
positively impact the outcome. Therefore, this study uses the VBN as a general frame for examining
the impact of values and beliefs on FEW tradeoffs. In addition, various demographic control variables
are included in the analyses along with familiarity and knowledge concerning FEW issues. A brief
overview of this literature follows.

2.1. Demographic Factors

The demographic control variables to be included in the forthcoming multivariate analyses
include age, gender, education and income. These control variables are often employed in VBN
research involving environmental values, concern and preferences. Concerning age, many researchers
have found that younger people are more likely to express environmental concern in comparison
to older generations [14,19–22]. Another strong predictor of environmental concern is education
level. Many studies have found a positive correlation between higher educational attainment and
environmental concern [22–24]. However, research on how age and education might affect positions
on FEW tradeoffs has not been conducted to date. If consistent with this previous research, we
should find younger and more highly educated people to favor more environmentally oriented FEW
tradeoff options.

Gender and income are additional demographic control variables that are included in the
forthcoming analyses. While some research suggests that these are less consistent predictors of
environmental concern [25], a growing number of studies suggest a correlation (although potentially
mild or weak). For example, several studies have found that women are more likely to express
environmental concern [17,21,25,26], and that a higher income increases environmental concern [19,27],
particularly in countries with overall higher national incomes [27].

2.2. Knowledge

Recent research concerning public support for renewable energy technologies is strongly related
to levels of policy relevant knowledge. Pierce and Steel [18] found that people with higher levels
of environmental and energy technology knowledge were more likely to support the adoption of
renewables in comparison to people with lower levels of knowledge. Similarly, O’Connor et al. [28]
found that causal knowledge of climate change was a “powerful predictor of behavioral intentions,”
and that those with higher levels of knowledge are more likely to support government policies to
address climate change. However, knowledge not formally obtained, such as through public education
programs, also has been shown to predict increased levels of environmental behaviors [29]. Knowledge
is also seen as a precondition for concern and efficacy. A study by Milfont [30] found that greater
knowledge of climate change was related to an increased concern and a greater sense of self-efficacy in
mitigating climate change. In the Portney et al. study [3], various “nexus awareness” indexes were
created (water–food, water–energy, and energy–food) and were all found to be associated with FEW
policy preferences. Further, awareness of one aspect of the nexus (e.g., food and water) was found to
increase awareness of other components of the nexus and increase policy support [3].

2.3. Environmental Values and Beliefs

The main focus of the analyses presented in this study is the impact of environmental values
and beliefs on FEW tradeoffs. More specifically, the NEP and climate change beliefs are the variables
that will be examined. Based on prior research, a pro-NEP position has been found to be a consistent
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indicator of environmental concern and behavior [31–33]. The NEP has been used as a predictor of
energy policy preferences [18] and water policy preferences [34,35]. This study will be the first to use
the NEP as a potential predictor of FEW policy preferences.

A second variable that will be examined concerns belief in climate change. Belief in climate
change has been found to drive the policy preferences of people [36,37]. McCright and Dunlap’s [38]
research on climate change deniers suggests that this mostly conservative and white group of men “
. . . are likely to favor protection of the current industrial capitalist order which has historically served
them well,” which leads to denial because of the threat that climate change “ . . . poses to the industrial
capitalist economic system” [38] (p. 1163). This orientation may well impact FEW tradeoff choices
made by climate change deniers that would lead to disruption of the status quo.

As noted previously, there are very few studies that examine the publics’ awareness and policy
support of the FEW nexus. To the best of our knowledge, only Portney et al. [3] have explored this topic
in any detail. In that study, the authors set out first to explore a sense of awareness that Americans have
about the water–energy–food nexus. Based on their national survey research, they discovered that
people who were aware of some nexus elements (e.g., the connection between food and water) were
also highly likely to know about other linking elements (e.g., the relationship of water and energy).
They also found that levels of nexus awareness show a strong positive correlation with supporting
a variety of policy issues that are designed to mitigate problems with nexus connections. The study
presented here continues the exploration of the FEW nexus begun by Portney et al.’s research [3].
We will focus our efforts on examining factors that help to predict individuals’ FEW tradeoff preferences.
Furthermore, we will target specific western states that have had specific regional food, water and
energy challenges. Finally, given that this is the first study to examine public FEW tradeoff preferences
using hypothetical situations, we will use an exploratory analysis for the relationships between
variables, which means that two-tailed statistical tests have been employed.

3. Methods

This study was approved by the Oregon State University Institutional Research Board (IRB) on
December 6, 2017. Participation in the household survey was completely voluntary. Respondents gave
their consent by either completing the physical survey or following a link in order to complete the
survey online. Completed surveys were stored on password protected laptops. Student researchers
who worked on the project were all IRB certified and worked under the direct supervision of the PI
and co-PI’s for all phases of the project.

A modified version of Dillman’s tailored design method [39] was used in questionnaire format
with both an online option and multi-wave mail surveys. Each contacted household was issued the
following request for participation: “If available, we would prefer the person, 18 years old or older,
who most recently celebrated a birthday to complete the survey.” The implementation of the survey
was as follows: First, potential respondents were sent a mail postcard announcing the survey with
instructions for the online version of the questionnaire; second, the postcard was followed-up with a
first class mail survey sent to non-respondents for the online or mail surveys; third, a final first class
mail survey was sent to non-respondents encouraging participation. Each mailing contained a copy of
the survey, a hand-signed letter by the P.I. and a student researcher encouraging participation in the
study, and a business postage prepaid envelope for responses. Data from the online survey indicated
that the average respondent took about 8 to 10 minutes to complete the questionnaire.

Participants were selected using a random sample provided by a national sampling company.
Random address-based sampling (ABS) using the U.S. Postal Service’s computerized delivery sequence
file (CDS), was used to generate 4,695 valid residential households for California, Idaho, Oregon
and Washington (CA = 1170, ID = 1175, OR = 1173 and WA = 1177). The CDS includes more than
135 million residential addresses, which covers nearly all households in the U.S. The survey was
conducted during the spring of 2018.
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Response rates were calculated by following the American Association for Public Opinion Research
guidelines [40]. The response rates varied only marginally among the four states’ citizens, with the
highest percentage in Oregon (40.5%) and the lowest in California (37.2%) (see Table 1). In terms of the
modality of response chosen by participants, most used the mail survey, but there were some differences
between the states in the percent using mail versus the online Qualtrics survey. Almost a third of
California respondents (31.7%) used the online response option, in comparison to 24.2% in Oregon,
19.2% in Washington, and 18.9% in Idaho. Analyses were conducted to discern possible demographic
and value differences between response modalities, with no significant differences identified in any of
the case study states. It should be noted that the Portney et al. [3] study had a response rate of 60%, but
that survey was administered by telephone.

Table 1. Survey Response Rates.

State Sample Size Responses Response Rate % Online Return

California 1170 435 37.2% 31.7%
Idaho 1175 440 37.4% 18.9%
Oregon 1173 475 40.5% 24.2%
Washington 1177 454 38.6% 19.2%

For this study we used 2010 U.S. Census data to assess the demographic representativeness of
our sample (see Table 2). We used Census data only for those 18 years and older as this was aligned
with our sample restrictions. A comparison of our sample to Census data for all four states revealed
that our sample included a slightly older, more affluent, and educated group of adults. This finding is
not atypical for survey research [41]. The percent of women respondents was almost identical to the
Census estimates for each of the four states.

While this is a good method of comparison for demographic variables, Groves points out that
there is a weakness, in that the variables of particular interest to our research (e.g., environmental
policy preferences) are not found in an external source such as the census [42]. This means that we
are not able to know if the variation that exists in our sample related to food–water–energy policy is
representative of the views of adults in our four target states.

Measures for most of the variables used in this study are described in Table 4. In addition to these,
we draw from the work of Portney et al. [3] to construct an indicator of environmental knowledge
(Quiz). Respondents could have scores ranging from 0 to 5, based on the number of correct responses
to the following statements: 1. Using hydraulic fracturing to remove natural gas from the ground uses
significant amounts of water (accurate); 2. Periods of drought can mean that an individual power
plant cannot make as much electricity (accurate); 3. Recycled water cannot be safely used to grow food
(inaccurate); 4. Corn used as ethanol fuel gives cars better gas mileage than gasoline; 5. Crop irrigation
in the U.S. uses more groundwater than all other uses combined (accurate). Response categories
included: accurate, inaccurate and don’t know. Correct responses were given a 1 and wrong responses
and don’t know were given a 0 for the additive quiz score.

The New Ecological Paradigm (NEP) used in this study is based on survey participants’ responses
to six items drawn from the NEP index [14]. Each item asks respondents to give a reaction on a
five-point scale, ranging from 1 = strongly disagree to 5 = strongly agree. The NEP may be the most
cited and employed measure in the social science study of the environment, and one of the most in all
of social science in the past three decades [43]. The following six statements have been used in many
previous studies and are used in this study [18]: 1. The balance of nature is very delicate and easily
upset by human activities; 2. Humans have the right to modify the natural environment to suit their
needs; 3. We are approaching the limit of people the earth can support; 4. The so-called “ecological
crisis” facing humankind has been greatly exaggerated; 5. Plants and animals have as much right as
humans to exist; 6. Humans were meant to rule over the rest of nature. After reverse recoding of
items 2, 4, and 6, the responses also were summed across all six items to produce an overall index,
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possible scores on which ranged from 6 to 30, with low scores indicating more human centered (human
domination of nature) values and higher scores indicating more pro-ecological (nature for nature’s
sake) values. The scale has a Cronbach’s alpha of 0.766 indicating that respondents were relatively
consistent in their responses.

Finally, our indicator for climate change beliefs is constructed from two questions used by the
Pew Research Center. First, respondents are asked: “From what you’ve read and heard, is there solid
evidence that the average temperature on earth has been getting warmer over the past decades, or
not?” If the response was in the affirmative, a follow-up question was asked: “From what you have
heard or read, do scientists generally agree that the earth is getting warmer because of human activity,
or do they not generally agree about this?” A dummy variable was constructed using the responses to
these two questions where 1=there is evidence of global warming and it is human-caused, 0 = else (do
not believe that earth temperature is warming or do not believe there is agreement that warming is
human caused).

4. State Case Studies

The four states of California, Oregon, Idaho and Washington included in this study all have FEW
tradeoff issues that governments and stakeholders are currently engaged with, and are exacerbated by
the growing impact of climate change. For example, in California, Liu [44] found that climate change
“has direct or indirect effects on sustainability and security of water, energy, and food” in the state
(p. 151). One area of tradeoffs identified by Liu that will become increasingly intense in California
because of the drive to develop renewable energy “ . . . are land and water use conflicts between
biomass for biofuel production with agricultural crops for food production” [44] (p. 152).

Table 2. Survey Response Bias.

California

Demographic Variable Survey Sample Census Estimates 1

Mean Age (Over 18) 47.7 47.1
Median Household Income $50,000–$74,999 (Survey category 6) $60,883 (2006–2010 adjusted average)
Gender (Over 18) Male 51.3%, Female 48.7% Male 49.5%, Female 51.5%
Associates Degree or Higher (Over 18) 40.3% 36.7%

Idaho

Demographic Variable Survey Sample Census Estimates 1

Mean Age (Over 18) 52.6 48.0
Median Household Income $50,000–$74,999 (Survey category 6) $46,890 (2006–2010 adjusted average)
Gender (Over 18) Male 49.9%, Female 50.1% Male 50%, Female 50%
Associates Degree or Higher (Over 18) 42.3% 39.1%

Oregon

Demographic Variable Survey Sample Census Estimates 1

Mean Age (Over 18) 55.3 49.5
Median Household Income $50,000–$74,999 (Survey category 6) $49,260 (2006–2010 adjusted average)
Gender (Over 18) 48.7% Male, 51.3% Female 48.4% Male, 51.6% Female
Associates Degree or Higher (Over 18) 38.1% 35.0%

Washington:

Demographic Variable Survey Sample Census Estimates 1

Mean Age (Over 18) 50.3 48.5
Median Household Income $50,000–$74,999 (Survey category 6) $57,224 (2006–2010 adjusted average)
Gender (Over 18) 48.3% Male, 51.7% Female 48.7% Male, 51.3% Female
Associates Degree or Higher (Over 18) 44.8% 38.8%

1 Data obtained from the U.S. 2010 American Community Survey Public Use Microdata Sample.

Similarly, in Oregon, solar farm development on high value agricultural lands in the Willamette
Valley has led to conflict between developers, farmers and environmentalists. The conflict has
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culminated with the Willamette Valley counties Marion, Yamhill and Polk placing moratoriums on
future solar farm development. According to observers of the debate, “proponents of solar power say
the draft rules (moratoriums) would undermine Oregon’s energy projects and climate change will
negatively affect agriculture in the state more than solar development” [45] (p. 1). Opponents of solar
development on agricultural land conversely argue, “we see a threat to high-value farmland . . . in my
experience, solar arrays are another of these uses that are chewing up Oregon’s prime farmland” [45]
(p. 1). Idaho and Washington also have such tradeoffs in the FEW nexus, which will increasingly
necessitate a more holistic approach to policy and management to mitigate climate change effects.
For example, all four of the states have water quality and quantity concerns regarding endangered
anadromous fisheries due to agricultural runoff, in addition to hydroelectric dams for energy that also
cause fisheries habitat problems [46].

Three of the case study states are leaders in climate change policy and are potentially “best
case” scenarios where “ . . . long-term solutions based on socio-cultural, economic and environmental
and aesthetic objectives” may be identified for future FEW nexus planning [47]. The Governors of
California, Oregon and Washington are members of the U.S. Climate Alliance and have been involved
in the Governors’ Global Climate Summits co-hosted by the United Nations Environmental Programme
(UNEP). They were also signatories to the 2003 West Coast Governors’ Global Warming Initiative as well
as the 2013 Pacific Coast Action Plan on Climate and Energy, which included strong public commitments
to reduce greenhouse gas emissions. Central to these initiatives was a recognition that citizens play a
critical role in bringing about change, both through their personal energy use behaviors, as well as
their participation in state and local policy processes. Home-grown environmental movements in all
three states provide clear evidence that citizens are aware of their state’s environmental challenges and
want to participate in a response to them [18].

In addition to California, Oregon and Washington, we include Idaho as a control comparison.
While it is also in the western region, and borders Washington and Oregon, Idaho has a much
less aggressive approach in adopting and promoting climate change policies. The state has a more
conservative political culture, and its governor did not sign on to the coastal states’ action plan.

5. Findings

A series of FEW tradeoff questions were developed for use in the survey based on current issues in
the case study states. The introductory question used for the tradeoff issues was as follows: “In recent
years there has been considerable attention to tradeoffs between food production, water resources and
energy supplies. We are interested in your views of what should be done in cases where those impacts
are likely to occur” (see Table 3). Respondents were then provided different FEW tradeoff scenarios
that ask for which of two policy approaches (X vs. Y) they were more likely to agree with. Respondents
could also report that they were neutral. The three scenarios set up an energy versus water tradeoff, an
energy versus food tradeoff, and a food versus water tradeoff. Respondents’ tradeoff preferences were
then coded as: 1 = strongly agree with Policy X, 2 = agree with Policy X, 3 = neutral, 4 = agree with
Policy Y, and 5 = strongly agree with Policy Y. Pierce and Steel [18] successfully used a similar approach
to assess tradeoff preferences between renewable energy siting and local environmental concerns.
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Table 3. Frequencies for Food–Energy–Water (FEW) Tradeoffs.

Question: In recent years there has been considerable attention to tradeoffs between food production, water
resources and energy supplies. We are interested in your views of what should be done in cases where those
impacts are likely to occur. Please circle the number in each case that best represents your opinion.

A Develop more hydroelectric dams for energy
independence.

Limit hydroelectric dams to promote water
quality and habitat for salmon and other
aquatic species.

Agree and Strongly
Agree Neutral Agree and Strongly Agree

Percent Percent Percent
CA 36.7 24.2 39.1
ID 36.2 19.5 44.4
OR 17.1 34.6 48.3
WA 22.4 30.7 46.9

N = 1764; Chi-square = 73.45, p = 0.000

B. Expand rural solar farms for energy
independence.

Limit the expansion of rural solar farms to
maintain land for agriculture.

Agree and Strongly
Agree Neutral Agree and Strongly Agree

Percent Percent Percent
CA 43.4 32.9 23.8
ID 47.2 35.2 17.6
OR 48.6 24.4 27.0
WA 48.0 27.0 25.0

N = 1758; Chi-square = 21.91, p = 0.001

C. Increase the use of water intensive plants (e.g.,
rice) to feed a growing population.

Reduce the use of water intensive plants to
increase access to safe drinking water and
sanitation.

Agree and Strongly
Agree Neutral Agree and Strongly Agree

Percent Percent Percent
CA 13.3 41.7 45.0
ID 17.0 47.2 35.8
OR 10.3 40.0 49.7
WA 5.6 42.2 52.2

N = 1772; Chi-square = 44.67, p = 0.000

The first FEW tradeoff issue (energy–water) in Table 3 asked respondents whether more
hydroelectric dams should be developed for energy independence versus limiting hydroelectric
dams to promote water quality and habitat for salmon and other aquatic species. The distribution
of responses was slightly skewed toward preferring the latter statement of limiting dams for water
quality and habitat for Idaho, Oregon and Washington, with more than 40% of respondents agreeing
or strongly agreeing with the statement. However, California had a nearly equal balance between both
options, with 36.7% agreeing with more dam development and 39.1% favoring limiting dams. Oregon
and Washington had the lowest percentage of respondents favoring the development of dams and had
the highest number of respondents at 17.1% and 22.4%, respectively. California respondents’ support of
dam development may well be attributed to a history of power outages and warnings by utilities that
future power shortages are likely, in addition to recurring drought and water shortages [48,49]. Idaho
also had a higher percentage of respondents supporting dam development when compared to Oregon
and Washington, but while they do not have energy shortage issues as in California, Idaho has had a
history of drought that may be a partial explanation [50]. All four of the case study states have had
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long and continuing issues with declining salmon runs, due to water quality and quantity and habitat
issues due to hydroelectric dams that may be contributing to skewed responses for limiting dams.

The second FEW tradeoff (energy–food) weighed expanding rural solar farms for energy
independence against limiting the expansion of rural solar farms to maintain land for agriculture.
The preferences for all four states leaned toward expanding solar farms for energy dependence, with
more than 40% of respondents agreeing or strongly agreeing with this position. Oregonians had
the highest percent in agreement at 48.6%, while the lowest support of this statement was found
among California residents at 43.4%. Oregon—where this is a currently a significant policy issue in the
Willamette Valley—had a slightly higher percentage of respondents agreeing to limit solar farms on
agricultural land compared to other states. As with the previous tradeoff issue, a large percentage of
respondents were neutral on the issue, ranging from 24.4% in Oregon to 35.2% in Idaho.

The third tradeoff question included in this study addressed the food–water nexus. Respondents
were asked if there should be an increased use of water intensive plants (e.g., rice) to feed a growing
population versus reducing the use of water intensive plants to increase access to safe drinking water
and sanitation. This FEW tradeoff generated a large percentage of neutral responses in each state,
ranging from 40.0% in Oregon to 47.2% in Idaho. However, the remaining respondents who did
take a position on the issue preferred reducing the use of water intensive plants to increase access
to safe drinking water and sanitation. Over 50% of Washington respondents favored reducing the
use of water intensive plants, compared to 49.7% of Oregonians, 45.0% of Californians, and 35.8% of
Idaho respondents.

In summary, there were high percentages of respondents that were neutral on all three tradeoffs,
suggesting several different explanations. First, respondents may not have thought much about
the tradeoffs. Second, respondents may not have had sufficient information to come to a tradeoff

preference. Third, respondents may have felt that the policy was not appropriate for the tradeoff.
However, for those that took a position there appears to be some environmental concern aspect to
the results, with responses leaning slightly more toward limiting dams for water quality and habitat
versus energy production, expanding rural solar farms (renewable energy) versus maintaining land for
agriculture, and reducing water intensive plant production versus increasing water intensive plants
for food production.

6. Multivariate Analyses

As discussed above, understanding issues related to the nexus and views about how to address
nexus concerns can be affected by a variety factors including, but not limited to, demographic factors,
knowledge, and environmental values and beliefs. Our primary independent and control variables,
coding information, and measures of central tendency are displayed in Table 4. The demographic
control variables include age, gender, education and household income. The knowledge variables
include self-assessed awareness of the term food–water–energy-nexus, and an additional five question
quiz on FEW issues. The indicators used to assess environmental values and beliefs include a revised
version of Dunlap et al.’s new ecological paradigm [14], and a belief in climate change variable.

Mean scores for the demographic control variables indicated that the average age of respondents
is 51.6 years, with 50.4% women, a mean score of 4.80 for education that falls in the “some college” to
“college” degree survey response categories, and a mean score of 5.88 for income, which is close to the
survey response category of $50,000 to $74,999. The self-assessment of knowledge question “familiar”
had a mean score of 1.71, which is just below the response category of 2 on a 4-point scale (“somewhat
familiar”). The mean FEW quiz score was 2.56 (total of 5 items) meaning that respondents answered
about half of the quiz items correctly. The mean score for the NEP was 20.73, which is slightly skewed
toward the high end of the index, once again not surprising given most respondents are from the three
west coast states. Concerning the climate change dummy variable, 61 percent of respondents believed
that climate change exists and is caused by humans. Finally, state dummy variables were included in
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the forthcoming multivariate analyses (all combinations rotated), but only the Idaho dummy variable
generated significant results, therefore is included in the forthcoming models.

Table 4. Independent and Control Variables.

Variable Name Variable Description Mean (SD)

Age Age in years
(range = 18 to 98)

Mean = 51.6
SD = 16.83
n = 1796

Gender Gender dummy variable
(1 = female, 0 = male)

Mean = 0.504
n = 1787

Education Formal educational attainment
(1 = less than high school to 8 = postgraduate degree)

Mean = 4.80
SD = 1.46
n = 1798

Income Household income before taxes in 2017
(1 = less than $10,000 to 10 = $200,000 or more)

Mean = 5.88
SD = 1.80
n = 1772

Familiar
Level of self-assessed familiarity with the term
food-water-energy nexus
(1 = not familiar at all to 4 = very familiar)

Mean = 1.71
SD= 0.929
n = 1790

Quiz FEW quiz score
(0 = no correct answers to 5 = five correct answers)

Mean = 2.56
SD = 1.38
n = 1800

NEP New ecological paradigm
(6 = low level of support to 30 high level of support)

Mean = 20.73
SD = 5.43
n = 1782

Climate Chg. Climate change dummy variable
(1 = Climate change exists and is human-caused, 0 = other)

Mean = 0.610
n = 1804

Idaho Idaho dummy variable
(1 = Idaho, 0 = else)

Mean = 0.244
n = 1804

Analyses of our tradeoff questions were a challenge. Respondents were asked to choose between
two discrete hypothetical options versus placing themselves on a scale from low to high for one
option. Without the possibility of being neutral (which received quite a bit of support) we could just
dichotomize the dependent variable into support for one option or the other. With the large number
of neutral responses, coding was less straightforward. Therefore, we opted to create two separate
dichotomous dependent variables for each tradeoff question. We did consider using multinomial
logistic regression, however our dependent variables were not uni-dimensional in structure. Rather
our measures provided discrete options as responses that could not be clearly ranked. Therefore, we
analyzed the data using binary logistic regression models. In the forthcoming models, we show which
variables were consistent in their relationship (e.g., does education significantly increase support for
option A and significantly decrease the support for option B). In Table 5 we begin with the energy–water
tradeoff. In the first model, we gave respondents a code of 1 if they agreed or strongly agreed with the
statement to develop more hydroelectric dams for energy independence and 0 otherwise. The second
model coded at 1 those who agreed or strongly agreed with the other option (limiting dams to promote
water quality). For the two logistic regression models presented in Table 5, the Chi-square statistic
is statistically significant for both models indicating a relatively good fit overall. The Nagelkerke R2

is 0.293 for the “develop hydroelectric dams” tradeoff option and 0.148 for the “limit hydroelectric
dams” option.
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Table 5. Logistic Regression Estimates for Energy–Water Tradeoffs.

Develop more Hydroelectric
Dams for Energy Independence a

Limit hydroelectric Dams to Promote
Water Quality and Habitat for Salmon
and Other Aquatic Species b

Coefficient
(S.E.)
Exp(B)

Coefficient
(S.E.)
Exp(B)

Age
−0.023 ***
(0.004)
0.977

0.005
(0.003)
1.005

Gender
−0.193
(0.127)
0.824

0.382 ***
(0.105)
1.466

Education
0.033
(0.046)
1.034

0.085 *
(0.038)
1.029

Income
0.103 **
(0.038)
1.108

0.29
(0.031)
1.115

Familiar
0.119
(0.066)
1.126

−135 *
(0.059)
0.874

Quiz
0.154 **
(0.049)
1.167

0.119 **
(0.040)
1.126

NEP
−0.142 ***
(0.013)
0.867

0.043 ***
(0.012)
1.043

Climate Chg.
−0.959 ***
(0.154)
0.383

0.880 ***
(0.132)
2.412

Idaho
0.307 *
(0.139)
1.359

0.158
(0.124)
1.171

n = 1732 1732
Chi-square = 391.794 *** 385.794 ***
Percent correctly predicted = 81.5% 64.5%
Nagelkerke R2 0.293 0.148

a 1 = Develop hydroelectric dams for energy independence, 0 = else. b 1 = Limit hydroelectric dams to promote
water quality and habitat for salmon and other aquatic species, 0 = else. * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.

Each of the demographic control variables was significant in at least one of the models. Age had a
negative and statistically significant impact for the first model, with younger respondents preferring
to disagree to develop more hydroelectric dams when compared to older respondents. Gender was
significant for the second model, with women being more likely than men to agree with limiting
hydroelectric dams to promote water quality. Education was statistically significant and positive for
the limit hydroelectric dams tradeoff option, with the more highly educated agreeing with the option,
as compared to respondents with lower levels of education. Income was significant and positive in the
first model, with higher income respondents more likely to agree with developing hydroelectric dams
than lower income respondents.

Each of the knowledge indicators produced a significant result in at least one of the models.
The quiz had a significant and positive impact for both tradeoff options, with respondents that attained
a higher quiz score agreeing both to developing more hydroelectric dams and wanting to limit dams to
promote water quality. We conducted a bivariate analysis between the quiz indicator and this specific
tradeoff and found that those respondents with lower scores were most likely to be neutral, while those
with higher scores would demonstrate a bimodal distribution—i.e., they were more likely to have an
opinion on the tradeoff. For the self-assessed familiarity variable, there was a significant and negative
impact on limiting hydroelectric dams development. Those respondents who considered themselves
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less familiar with FEW preferred limiting hydroelectric dam development, while those that considered
themselves more familiar were less likely to agree with this option.

For the environmental values and beliefs variables, which were the main focus of the analyses,
the NEP and climate change variables had statistically significant effects in both models. Those with
higher NEP scores were more likely to agree with limiting hydroelectric dams to promote water quality
and habitat, and less likely to agree with developing hydroelectric dams for energy independence,
when compared to respondents with lower NEP scores. Similarly, those respondents that believed
that the earth is getting warmer because of human activity were less likely to agree with developing
hydroelectric dams, but more likely to agree with limiting hydroelectric dams than those who did not
believe that the earth is getting warmer, or not getting warmer because of human activity.

Finally, when using the first model, respondents in Idaho were much more likely to support the
building of dams for energy independence compared to those in other states. As noted previously,
other state comparisons were statistically insignificant.

Table 6 presents results for the energy–food tradeoff question with the options of “expanding
rural solar farms for energy independence” versus “limit the expansion of rural solar farms to maintain
land for agriculture.” The first model in the table is a dummy variable, with 1 being in agreement with
the tradeoff option to expand rural solar farms and 0 is otherwise, and the second model has 1 as being
in agreement with limiting the expansion of rural solar farms and 0 is otherwise. As with the models
in Table 5, the Chi-square statistic is significant for both models and the Nagelkerke R2 is 0.105 for the
first model and 0.045 for the second model.

For the socio-demographic variables included in each model age, gender and income had a
statistically significant impact in at least one model each, while education did not produce significant
results. The coefficient for age is negative and significant for the expanding rural farms model, with
younger respondents more likely to agree with expanding rural solar farms than older respondents.
Age was not significant for the second model. The dummy variable for gender was significant and
negative for the first model, with women less likely to support expansion of solar farms when compared
to men, who were more supportive. Income had a statistically significant effect in both models. Higher
income respondents were more likely to agree with expanding rural solar farms than lower income
respondents, while lower income respondents were more likely to agree with limiting rural solar farms
to maintain land for agriculture.

For the two knowledge indicators, the familiarity variable had a statistically significant impact
in both models, while the quiz variable was not significant in either model. Those respondents that
considered themselves less familiar with FEW issues were significantly less likely to support rural solar
farm development compared to those who considered themselves more familiar. The coefficient in
the second model was positive, indicating that those considering themselves more familiar with FEW
issues were more likely to agree with limiting the expansion of rural solar farms than those considering
themselves less informed.

Finally, for the environmental value and belief indicators included in the models, the NEP had a
significant effect in the first model and climate change beliefs had a significant effect in both models.
The NEP had a negative and significant effect in the first model, with respondents with lower scores
more in favor of expanding rural solar farms than those with higher scores. This result was somewhat
unexpected, as we thought that those with stronger environmental values would prefer expanding
solar energy. However, the impact of climate change beliefs had a significant effect in both models,
with those respondents who believed in human-caused global warming agreeing with expanding rural
solar farms in the first model, and being more likely to disagree with limiting solar farm expansion to
maintain land for agriculture in the second model.

Again, respondents in Idaho showed some differences from those living in OR, WA or CA.
Idahoans were much less likely to show support for limiting rural solar farms to maintain land for
agriculture than individuals in other states.
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Table 6. Logistic Regression Estimates for Energy–Food Tradeoffs.

Expand Rural Solar Farms for
Energy Independence a

Limit the Expansion of Rural Solar Farms
to Maintain Land for Agriculture b

Coefficient
(S.E.)
Exp(B)

Coefficient
(S.E.)
Exp(B)

Age
−0.021 ***
(0.003)
0.979

0.004
(0.004)
1.004

Gender
−0.361 ***
(0.104)
0.697

1.02
(1.21)
0.714

Education
−0.038
(0.038)
0.962

0.060
(0.044)
1.062

Income
0.068 *
(0.030)
1.070

−0.096 **
(0.035)
0.908

Familiar
−0.181 **
(0.057)
0.83

0.280 ***
(0.062)
1.324

Quiz
0.064
(0.039)
1.066

−0.007
(0.046)
0.993

NEP
−0.038 ***
(0.012)
0.962

0.020
(0.013)
1.02

Climate Chg.
0.855 ***
(0.134)
2.351

−0.335 *
(0.149)
0.715

Idaho
0.137
(0.120)
1.147

−0.549 ***
(0.149)
0.171

N = 1732 1732
Chi-square = 141.057 *** 52.329 ***
Percent correctly predicted = 61.1% 77.1%
Nagelkerke R2 0.105 0.045

a 1 = Expand rural solar farms for energy independence, 0 = else. b 1 = Limit the expansion of rural solar farms to
maintain land for agriculture, 0 = else. * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.

The third and final hypothetical FEW tradeoff (food–water) examined in this study concerns
“increase the use of water intensive plants (e.g., rice) to feed a growing population” versus “reduce the
use of water intensive plants to increase access to safe drinking water and sanitation.” The results for
the two logistic regression models are displayed in Table 7. For the four demographic control variables
included, we found that age, gender, education and income have statistically significant results for the
second model concerning reducing the use of water intensive plants. Only income had a statistically
significant effect in the first model.

Younger respondents were more likely to agree with reducing the use of water intensive plants
when compared to older respondents. The coefficient for gender was positive in the first model and
negative for the second model. Men were more likely than women to agree with reducing the use
of water intensive plants to increase access to safe drinking water and sanitation. Both education
and income had positive and statistically significant effects for the second model. Those respondents
with higher levels of education and income were more likely to agree with reducing the use of water
intensive plants to increase access to safe water, when compared to those respondents with lower levels
of education and income. Income was significant and negative in the first model, with lower income
respondents more likely to agree with increasing the use of water intensive plants when compared to
higher income respondents.

The two knowledge indicators only had statistically significant results for the model concerning
reducing the use of water intensive plants. Both coefficients were positive, indicating that those who
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considered themselves familiar with FEW issues were more likely to agree with this option than those
respondents who considered themselves less familiar. Similarly, those respondents with higher FEWE
quiz scores were significantly more likely to agree with this tradeoff than those respondents with
lower scores.

For the environmental value and belief indicators, the NEP and climate change variables had
statistically significant effects in each model. In the first model, those respondents with lower NEP
scores were more likely than those with higher NEP scores to agree with increasing the use of water
intensive plants to feed a growing population. In the second model, respondents with higher NEP
scores were significantly more likely than those with lower scores to agree with reducing the use of
water intensive plants to increase access to safe drinking water. The climate change variable exhibits a
similar pattern to the NEP, with those respondents believing the earth is getting warmer because of
human activity being more likely to agree than others, to reducing the use of water intensive plants
and less likely to agree with increasing the use of water intensive plants.

Table 7. Logistic Regression Estimates for Food–Water Tradeoffs.

Increase the Use of Water
Intensive Plants (e.g., Rice) to
Feed a Growing Population a

Reduce the Use of Water Intensive
Plants to Increase Access to Safe
Drinking Water and Sanitation b

Coefficient
(S.E.)
Exp(B)

Coefficient
(S.E.)
Exp(B)

Age
0.007
(0.005)
1.007

−0.007 *
(0.003)
0.993

Gender
0.030
(0.177)
1.031

−0.314 **
(0.110)
0.730

Education
−0.109
(0.065)
0.897

0.092 *
(0.040)
1.096

Income
−0.109 *
(0.050)
0.897

0.136 ***
(0.032)
1.146

Familiar
−0.050
(0.094)
0.951

0.129 *
(0.060)
1.137

Quiz
−0.013
(0.066)
0.987

0.081 *
(0.049)
1.179

NEP
−0.110 ***
(0.017)
0.896

0.118***
(0.013)
1.126

Climate Chg.
−1.197 ***
(0.158)
0.378

0.472 ***
(0.132)
1.603

Idaho
0.377 *
(0.179)
1.458

−0.326 *
(0.128)
0.722

n = 1732 1732
Chi-square = 229.826 *** 316.222 ***
Percent correctly predicted = 88.9% 68.8%
Nagelkerke R2 0.247 0.223

a 1 = Increase the use of water intensive plants (e.g., rice) to feed a growing population, 0 = else. b 1 = Limit the
expansion of rural solar farms to maintain land for agriculture, 0 = else. * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.

As with our other tradeoffs, residents in Idaho differed in their preferences in comparison to those
in CA, OR or WA. Here we found that Idahoans were much more supportive of increasing the use of
water intensive plants to feed a growing population, and were less supportive of reducing the use of
water intensive plans to increase access to safe drinking water and sanitation.
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7. Discussion

This study has examined the impact of demographic characteristics, FEW knowledge indicators,
political ideology, and environmental values as measured by the NEP and climate change beliefs on
hypothetical tradeoffs between FEW policy preferences. It should be noted that people may respond
differently if confronted with an actual tradeoff that affects them and their families personally, and that
FEW tradeoffs may be much more complex and nuanced than what has been presented in the survey.
That being said, some of the findings from the multivariate analyses warrant further discussion.

While the demographic control variables were not the center of the analyses conducted in this
study, there were some interesting findings. Age and gender had statistically significant effects for
three models each, education was significant in two models, and income was significant in five of
the six models. Concerning age, when compared to older respondents, younger respondents were
less likely to agree with developing more hydroelectric dams for energy independence, less likely to
expand rural solar farms, and less likely to agree with reducing water intensive plants to increase
access to safe drinking water. It is hard to discern an underlying pattern to these results.

Gender also had somewhat of a mixed impact on the proposed tradeoffs, with women respondents
more likely to agree with limiting hydroelectric dams to promote water quality and habitat, less likely
to agree with expanding solar farms for energy independence, and less likely to agree with reducing
the use of water intensive plants. The previous literature review suggests that women are more
environmentally orientated than men on some issues, which we found concerning the development
of dams, where many environmentalists and public agencies in the Western states have suggested
changes for fisheries habitat reasons [51,52]. This result is also consistent with previous survey research
conducted in the U.S. Pacific Northwest [53]. However, the other two tradeoffs are more difficult
to explain.

The literature also suggests that education is an important factor in shaping the environmental
orientations of people. For the FEW tradeoff options presented in this study, education was only
statistically significant in two models (in different tradeoffs). When compared to respondents with
lower levels of education, the more highly educated were more likely to agree to limiting hydroelectric
dams to promote water quality and to reduce the use of water intensive plants to increase access to
safe drinking water—both pro-water and environmentally oriented options for the FEW tradeoffs, as
the literature suggests.

Household income was statistically significant in five of the models. The literature cited previously
suggests that income has mixed effects on environmental attitudes and preferences. For the tradeoff

questions, households with higher levels of income were more likely to agree to develop hydroelectric
dams for energy independence, to expand rural solar farm development, and to agree with reducing
water intensive plants for water quality and habitat. In general, higher income respondents were more
pro-energy for two tradeoffs and pro-water for the third tradeoff.

Concerning the two knowledge indicators included in the multivariate analyses, the measure of
self-assessed FEW familiarity was significant in four models and FEW quiz was significant in three
models. Those respondents with higher quiz scores were more likely to agree to limit hydroelectric
dams to promote water quality and to limit dams to promote water quality and habitat. As previously
discussed, those with higher quiz scores were more likely to have an opinion on this tradeoff than
those respondents with lower quiz scores. The quiz did not have a significant effect for the rural solar
farm tradeoff, but did have a significant and positive effect for reducing the use of water intensive
plants to increase safe drinking water. For the familiarity indicator, those who considered themselves
less informed agreed to limiting hydroelectric dams for water quality, were less likely to agree with
limiting the expansion of rural solar farms and more likely to agree with limiting solar expansion for
agriculture, and also agreed to reduce the use of water intensive plants to increase access to safe water.
Clearly, there is no discernable pattern of the impact of the knowledge indicators on the three FEW
tradeoff issues included in this study.
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The final sets of variables included in the analyses were the environmental values and beliefs
indicators. The analyses found that the measure of NEP employed in this study was significant in five of
the models, and the climate change indicator was significant in five of the six models presented. Clearly
both of these variables were the most influential in predicting FEW tradeoff preferences. However, the
pattern of impact was not always as expected. For the energy–water tradeoff analyses displayed in
Table 5, those respondents with higher NEP scores and who believed in human-caused global warming
were less likely to agree with developing dams and more likely to agree with limiting dams when
compared with respondents with lower NEP scores and who were non-believers in human-caused
climate change. There is a clear preference for water quality over energy in this tradeoff, as might
be expected for those concerned with the environment. The tradeoff concerning rural solar farm
development versus protection of agricultural lands is more complicated. As might be expected,
those respondents who believe in human-caused climate change were significantly more likely than
non-believers to agree with expanding rural solar farms and less likely to agree with limiting rural
solar farms for agriculture. However, those respondents with higher NEP scores were less likely to
agree with expanding rural solar farms than respondents with lower NEP scores. Perhaps, in part,
there is an underlying concern for the loss of food production, or perhaps this tradeoff poses a choice
that many have not thought through. The ongoing debate in the Oregon context discussed earlier has
divided the environmental community as well as the agricultural community, which may be driving
the survey results here [44].

For the third tradeoff between increasing the use of water intensive plants to feed a growing
population versus reducing water intensive plants for access to safe drinking water and sanitation, the
NEP and climate change variables had similar effects that would be expected from those with stronger
environmental values. More specifically, those respondents with higher NEP scores and who believed
in human-caused climate change, agreed with the tradeoff of reducing the use of water intensive plants
to increase access to safe drinking water and sanitation versus disagreeing with increasing the use of
water intensive plants (e.g., rice) to feed a growing population.

8. Conclusions

As discussed in the beginning of the paper, the three western states of California, Oregon
and Washington have been active participants in the 2013 Pacific Coast Action Plan on Climate
and Energy. These three states are host to numerous FEW controversies; each state has a history
of environmental concerns and have sizeable environmental movements; each state has extensive
agricultural sectors, wherein they have experienced drought and water quality issues, and have
experience with carbon-based (e.g., coal and gas), non-carbon-based (e.g., renewables, hydroelectric)
energy production for the power grid. The state of Idaho was included in the study as a neighboring
state that has not been actively promoting climate change mitigation policies, but nonetheless has also
experienced drought and water quality issues, has a large agricultural sector, and is also experiencing
the consequences of climate change that will exacerbate FEW tradeoff issues. The survey data analyses
revealed that values and beliefs—including climate change beliefs and most importantly the NEP—play
a role in predicting public preferences concerning FEW tradeoffs, which is consistent with VBN Theory
and other studies that examine FEW policy preferences in isolation from one another [15,17,19,20].

This study builds on the Portney et al. [3] study by, first, examining FEW tradeoff preferences, and
second, by including the NEP as a measure of environmental values. A main finding from Portney et al.
is that people’s knowledge of the nexus will lead to greater levels of support for policies designed to
mitigate nexus challenges. The study presented here found that the knowledge indicators utilized
were not good predictors of policy preferences concerning FEW tradeoffs. However, when used to
examine specific policies in food, water and energy separately, that were also included in the survey,
they showed more robust results, which will be examined in future papers using the survey results.
Our findings do make a contribution to knowledge by suggesting that it is important to be aware
of people’s values and beliefs in addition to their knowledge when developing policies for the FEW
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nexus. In addition, this research could serve as a basis for additional research that could identify “best
practices” for engaging the public in such complex issues as the FEW nexus [46].

Our research has some limitations, specifically because it is a regional study with relatively small
state samples and lower response rates compared to the national Portney et al. study. In addition,
many respondents were “neutral” concerning the FEW tradeoffs, potentially indicating issues with
question wording or other concerns, or a lack of public discourse on the topic (the frequencies for the
familiarity variable may indicate the latter). Future research could focus on questions that pertain
to actual FEW policy tradeoffs instead of hypothetical tradeoffs. For example, the Klamath Basin
controversy on California’s and Oregon’s border would be a good case study, as it is fraught with water
quality and quantity issues that compete with fisheries, irrigated agriculture, and energy production
issues. In addition, a multi-method research approach could offer more in-depth analysis into personal
environmental values and FEW preferences, specifically integrating interviews into the research.
Finally, the authors recognize that this study presents a snapshot providing broad insights into FEW
conservations in the home. A more detailed research project would delve more deeply into trade-offs,
constraints and behaviors.
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