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Finding effective and practical solutions to climate change challenges in food-
energy-water systems requires the integration of experts in local/regional social
and biophysical systems, and these are commonly local community members. In the
Magic Valley, Idaho we investigated the tensions between water used for energy and
to irrigate cropland for food production, as well as, strategies for protecting water
quantity and quality. Incorporating stakeholders with long-standing expertise allows
the development of solutions to these challenges that are locally and regionally
practical and consistent with the values of the social system into which they are
incorporated. We describe a stakeholder-driven process used in a case study in the
Magic Valley that incorporated local experts to develop plausible future scenarios,
identify drivers of change, vet impact and hydrological modeling and map areas of
change. The process described allowed stakeholders to envision alternative futures
in their region, leading to development of enhanced context and place-based
solutions and an anticipated time line for adoption of those solutions. The
solutions developed by the stakeholders have been applied across many
geographic areas. The described process can also be applied across a broad
range of geographic levels. Most importantly, stakeholders should be involved in
anticipating solutions and solution timing to the differing challenges posed by each
scenario.
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Introduction

In the absence of planning for plausible future change, communities and regions are
unlikely to be prepared to meet future challenges, particularly when future scenarios are
developed over time-periods longer than the one-to five-year time frame in which planning
usually takes place (Parkison, 2021). Effective planning requires a number of steps, including
setting the limits of imagined futures (finding scenarios between the worst and best imagined
futures), setting spatial and time boundaries, identifying the issues that most concern the
stakeholders building the scenarios, and defining the uncertainties with which stakeholders will
be confronted when planning for the future (Cronan et al., 2022b). Most importantly,
stakeholders should be involved in anticipating solutions and solution timing to the
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differing challenges posed by each scenario. Much research has been
devoted to participatory scenario planning (PSP) which commonly
incorporates most or all of the steps described above and sometimes
involves modeling (e.g., (Kok, 2009; Palomo et al., 2011; Oteros-Rozas
et al., 2015; Flynn et al., 2018; Planque et al., 2019).

Taking the process beyond PSP, conceptual, representational, and
impact modeling can be used (e.g., Walz et al., 2007; Volkery et al.,
2008; Nol et al., 2012; Plieninger et al., 2013; Reed et al., 2013;
Hassenforder et al., 2015; Kok et al., 2015; McBride et al., 2017;
Kebede et al., 2018; Reinhardt et al., 2018; DasGupta et al., 2019;
Izydorczyk et al., 2019; Kabaya et al., 2019; Xexakis and Trutnevyte,
2019; Hagemann et al., 2020; Sanjuan-Delmás et al., 2021) to simulate
population change, planting of different crops and increases or
decreases in agricultural land, changes to temperature and
precipitation and timing of precipitation (climate), as well as
hydrologic change to ground and surface water. Modeling can help
stakeholders visualize and understand the time scales and geographic
extent of likely changes for their region as well as to identify the
primary drivers and impacts of projected changes (Cronan et al.,
2022a). Mapping potential changes predicted by the models can help
stakeholders visualize the geographic extent of changes (Cronan et al.,
2022a). All of these tools combined are key to helping stakeholders
fully understand and visualize plausible futures for their region, the
temporal and geographic scales of the change, how they might adapt to
varied changes described in each future scenario and identify potential
solutions to challenges explored in each scenario.

Stakeholder-developed solutions are not a common practice in
food, energy, water systems (FEWS) research. Meta-analysis of
217 FEWS related papers published world-wide indicated that only
45 involved people other than a research team in their project (Kliskey
et al., 2021). Of those, 11 projects involved community members in
identifying solutions to local problems (Kliskey et al., 2021). Most of
the 217 papers proposed solutions, but it is unclear how many, if any,
of them were adopted.

Solutions envisioned by stakeholders are more likely to be
regionally and contextually appropriate because stakeholders are
aware of values and attitudes that would make solutions easier or
more difficult to adopt, accepted by their communities (Buchecker
et al., 2013) and more likely to be implemented (Luz, 2000) because
stakeholders can advocate for implementation. Involvement of
stakeholders reduces community perception that scientists are
dictating solutions to communities without their input (Huxham
et al., 2000; Ansell and Gash, 2008; Ansell, 2012; Emerson et al.,
2012; Jones and White, 2022; Kliskey et al., In review).

Long residence in a region allows stakeholders to visualize how
other parts of a FEWS will respond when there is a change to one part
of that system. They are able to conceptually integrate drivers and
impacts of change into effective solutions. Adding timing of solutions
allows stakeholders to envision future impacts of adopting a solution
earlier or later in a scenario’s time horizon. All exercises lead to a better
understanding of possible futures, possible solutions, and different
future trajectories given differing timing of solution adoption and
adoption of different solutions.

Solutions to FEWS problems are necessarily context and place-
based (Kliskey et al., In review). The objectives of this research were to
co-produce solutions and strategies for reducing use, and increasing
reuse, of water, nutrients, and energy in the linked dairy and feed crop
sectors of Idaho’s agricultural industry in the Magic Valley (MV). The
solutions generated were specific to this research question and to the

Magic Valley. Non-etheless, all of the solutions developed in this
project have been adopted in other geographic regions (Table 1). Not
surprisingly, solutions were selected to address stressors presented in
each scenario, for example, scenarios depicting water stress elicited
solutions to conserve water, and scenarios with high population
growth elicited solutions to accommodate more people.

In a given situation, many factors will impact which scenarios are
developed and which solutions are applied in each scenario. Those factors
include the issues that stakeholders and researchers chose to address, the
composition of the stakeholder group, and individual stakeholder’s roles
in the community. For example, in our project, a canal company executive
improved our hydrologicmodeling because of his in-depth understanding
of the water system and of water models. Our rural planning stakeholder
consistently provided a more progressive viewpoint and advocated for
different solutions, which were sometimes incorporated by the group.We
present our process and explain the solutions in depth as an example of
how this approach can lead to more appropriate and acceptable local and
regional solutions.

Study site

The Magic Valley, Idaho, United States of America (Figure 1) was
the focus of our research. It is situated along the Snake River in
Southern Idaho. It receives approximately 250 mm precipitation
annually, making it a semi-arid environment. Much of the Upper
Snake River Basin (USRB) is underlain by the East Snake River Plain
aquifer, a highly transmissive aquifer illustrated by the increase in
aquifer head during periods that flood irrigation was used and a
current decline due to more efficient irrigation techniques (Zuidema
et al., 2020). The population of the valley is approximately 186,000;
the City of Twin Falls (population 50,000) is the major urban center.
Agricultural production, notably dairy and crop production, is the
primary economic engine of the area and is a significant contributor
to Idaho’s agricultural economy. In 2013, Magic Valley farm gate
receipts represented 47% of Idaho’s total farm gate receipts (Hines
et al., 2013).

Water, energy, and food components

Climatologically, Idaho has experienced a long-term but variable
warming of about 0.8°C over the last century (Abatzoglou et al., 2014),
which has increased evapotranspiration and thus reduced the amount
of water available in the system (Kliskey et al., 2019). Reduced spring
snowpack, especially in lower-elevation watersheds, has contributed to
a one-to 2-week advancement in the center of timing of runoff of
snowmelt, decreases in annual streamflow, and annual minimum
streamflow have been attributed to changes in precipitation
(Kliskey et al., 2019).

Although about 70% of Idaho’s energy comes from out of state
(U.S. Energy Information Administration - EIA - Independent
Statistics and Analysis, 2022), in 2021 hydroelectric power supplied
51% of Idaho’s in-state generation and that percentage has decreased
over time because of lower river flows (U.S. Energy Information
Administration - EIA - Independent Statistics and Analysis, 2022).
As population and demand for electricity generation has grown, so has
tension between use of water for agriculture and for power generation.
In 1984, an agreement was entered into between the State of Idaho and
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Idaho Power that established Idaho Power rights to in-stream flow for
power generation, known as the Swan Falls Agreement (Strong and
Orr, 2016).

Dairy farming has expanded exponentially in Idaho. Most of this
growth in dairy has occurred in the MV in which approximately 73%
of dairy cows in Idaho are located (Idaho Dairymen’s Association,
2019). In 1997 USDA reported about 265,000 dairy cows in all of
Idaho (USDA National Agricultural Statistics Service, 1997a),
580,000 head in 2008, the 4th largest in the U.S. (Brown, 2012),
and an estimated 732,000 cows (Idaho State Department of
Agriculture, 2020) in 2018/2019 with a ranking of 3rd in the nation
in dairy cow inventory (Leytem et al., 2013). The increased number of
cows has caused nutrient management issues in theMV (Hristov et al.,
2006; Leytem et al., 2021).

Agriculture in the region has responded to the growth of dairy. In
1997 total hectares of forage crops (including alfalfa) in the MV was
116,243 and corn silage was 35,423 (USDA National Agricultural
Statistics Service, 1997b). From 2014 to 2018 the average hectares of
cropland dedicated to alfalfa alone (not other forages) was 147,709 and
84,438 to corn silage (USDA National Agricultural Statistics Service).
Idaho is first in the nation in production of alfalfa hay; in addition to
their traditionally grown potatoes and barley production (Idaho
Crops–Idaho State Department of Agriculture, N.D.). Other major
crops include sugarbeets and wheat (Idaho Crops–Idaho State
Department of Agriculture, N.D.). Forage crops, particularly corn
silage and alfalfa, use more water than other crops that were more
prevalent in the past, such as dry beans, and this has increased the
competition, in short water years, between water for energy
production and water for agriculture. This served as the
background for stakeholder development of solutions to potential
futures in the MV.

Methods

We adopted and developed a deliberative, participatory co-
production process (Meadow et al., 2015; Kliskey et al., 2021;

Kliskey et al., in review) with a stakeholder advisory group (SAG)
for MV1. The goal of the process was to iteratively co-develop a
conceptualization of the MV FEWS, to construct plausible alternative
futures, model those futures, and identify potential solutions to key
challenges identified in the alternative futures. The process followed
seven steps:

1. Stakeholder advisory group development: During the early
phase of the project a SAG was recruited as an indicative
group of stakeholder via a snowball technique (Kliskey et al.,
in review).

2. Key issues: The SAG identified top issues and decisions facing
FEWS in the MV over a 30-year time horizon (2020–2050)
(Villamor et al., 2020). This time frame was selected as one in
which uncertainties would not be so large as to significantly hinder
scenario development.

3. Critical uncertainties: The SAG then listed and prioritized critical
uncertainties that would affect the issues and decisions they had
listed (Cronan et al., 2022b).

4. Iterate scenarios: From those issues, decisions and critical
uncertainties the research team built draft plausible future
scenario narratives (Cronan et al., 2022b) that explored the
variation around the issues, decisions and critical uncertainties
(Table 2).

5. Solutions suite per each scenario:Over the course of the following
2 years, those six scenarios were co-developed with the SAG who
named, critiqued, refined and improved each scenario and
identified solutions to address issues raised by each scenario
Figure 2.

6. Iterate scenarios into futures: The scenario narratives were then
used to develop scenario representations (also known as alternative
futures) by integrating hydrological model outputs, projections of
population change, and climate change predictions scaled to the
region and tuned to each scenario. This also included geo-planning
to map and graphically represent changes in the region (e.g., crops,
population growth, housing development).

7. Iterate timing of solutions into scenarios and alternative futures:
Timing of solutions was varied in the models to determine impacts
of solution implementation at different times. These changes were
iterated with and critiqued by the SAG.

Stakeholder Advisory Group Development

With the help of our Cooperative Extension Service stakeholder, a
rural economic development stakeholder, and a lifelong agricultural
stakeholder. We identified other key stakeholders representing
interests related to our objectives of developing methods and
strategies for reducing use, and increasing reuse, of water,
nutrients, and energy in the linked dairy and feed crop sectors of
Idaho’s agricultural industry in the Magic Valley (MV). Our
stakeholders including a canal company executive, municipal water
engineers, a food processor manager, farmer/retired Idaho Power
executive, rural planning NGO member, farmer/retired food
processor executive, Native American representatives, dairy

FIGURE 1
Location map of the Upper Snake River Basin and the Magic Valley
(outlined in maroon), Idaho, United States of America.

1 Neither surveys nor questionnaires were used in this paper.
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industry advocates, an organic, and a commercial farmer with a total
of 12 members. These regional experts formed our SAG.

Workshops involving the SAG were held twice a year, with
email communication and report distribution between meetings. A
total of seven workshops were held. Not all stakeholders were able
to attend all meetings and we scheduled virtual meetings to follow
up with those stakeholders. Our Native American rights holders
provided their input primarily through telephone and email
contact. A complete description of the challenges and successes
of the process of engaging the stakeholders and co-producing
knowledge is set out in Kliskey et al. In Process. Stakeholders
were offered reimbursement for their travel costs, as well as an
honorarium, but only three of our stakeholders accepted the offer.
The other stakeholders were happy to participate without
compensation. We also ended our in-person workshops with a
complimentary dinner at a local restaurant for the entire team
(researchers and stakeholders).

Process of solution development

Solution development followed aspects of both participatory
scenario processes and transdisciplinary research (Kliskey et al. In
Process; Meadow et al., 2015), reflecting aspects of both consultative
and collaborative types of engagement and the participatory integrated
assessment as described by Meadow et al. (2015). We describe our
process in detail below. Solutions were introduced and continuously
critiqued and modified by the SAG starting at the May 2019 (fourth)
workshop and continuing through the April 2021 meeting (seventh
workshop).

Initial identification and expansion of suite of
solutions

As future scenarios were modified by the SAG they often
informally discussed potential solutions to problems presented
by the different scenarios and researchers compiled a list of
those solutions from meeting notes. Researchers were organized
into teams based on expertise and supplemented the list of
solutions compiled from SAG comments. As a few examples, the
hydrological team brainstormed hydrological solutions, for
example, increased dam capacity, building more dams, lining of
irrigation canals and increased aquifer recharge during months
that irrigation was not taking place. The water policy team
suggested changing Idaho regulations restricting the timing of
irrigation where canals would contribute to aquifer recharge,
metering of domestic wells, incentives for xeriscaping, and for
reducing water use. The water quality team recommended
increased composting of manures, incentives to distribute
manure and slurry from holding ponds greater distances, use of
cover crops, and incentives for best management practices (BMPs)
for water quality.

A nutrient and waste reduction team identified a set of
technological and best management practices (BMP) solutions
focused on sustainability with on farm operations and animal
behavior and health. The team compiled solutions that are already
in use, others that are ready for use but not yet adopted in the area, and
others that are in their initial stage of adoption or application and

could be available within the time-horizon of the study. Sources of
material to evaluate the applicability of solutions to this study included
conversations with SAG members and local academics from the
University of Idaho Extension, USDA Agricultural Research Service
(ARS), and USDA-NRCS. Internet and bibliographic searches were
also conducted to identify other potential solutions.

A total of 119 solutions were generated (see Supplemental
Materials). A solutions team that included a core group of
researchers and our extension service researcher/SAG member met
and assigned likely solutions to each scenario. The solutions team
undertook this to reduce the amount of time and effort for the SAG.
Also, some stakeholders did not have the expertise to propose
solutions across all sets of issues and uncertainties.

Iterating solutions with stakeholders

Draft scenarios with a limited set of solutions targeted to each scenario
were introduced to the SAG in May of 2019. The primary focus of this
workshopwas narrative developmentwherewe asked stakeholders to check
the internal consistency of each scenario. For example, would population
increase in amegadrought as had been the past trend in this region?Would
water quality regulations be relaxed if there was more water? The SAG
applied their expert knowledge of the interacting FEWandwaste systems to
ensure each narrative included logical and plausible interacting issues and
potential solutions. Although the SAG rejected a number of solutions
proposed by the research team, and added others that they believed were
more likely to be adopted, solutions were not the main focus of that
particular workshop.

The second iteration (in November 2019) focused on identifying
drivers of change in each scenario, selecting appropriate solutions for
each scenario, and again assuring that scenario assumptions were
consistent and logical. The SAG applied their expert analysis of
whether a solution was practical, potential drawbacks of the
solution, likelihood of adoption, and potential timing of adoption
depending on the conditions of each scenario. In this iteration, viable
solutions were the focus of the discussion. Specifying solutions and
clarifying the meaning of solutions (e.g., specifying which BMPs,
clarifying by-product management strategies) was the focus of the
meeting. Changes in population, dairy cow numbers, residential and
industrial development, applicable to each scenario were also
discussed and refined. The focus of the workshop was on solutions;
several were eliminated (e.g., adoption of biodigesters except by the
largest dairies) and more were added, including land trusts to prevent
agricultural land from being developed, and establishment of
agricultural and dairy coops to reduce costs of by-product
management, and to reduce costs of storage and transportation of
both agricultural products and by-products.

At the conclusion of the workshop, solutions that impacted land
use and land cover as well as those that impacted hydrology were
incorporated into water balance and demographic models to
determine likely consequences of solution adoption and what the
impact of earlier or later adoption might be. Using the demographic
model and stakeholder input, we modeled where population increase
was likely to occur, and where residential and commercial/industrial
development might occur if protections for agriculture were, or were
not, in place. In most of the scenarios, stakeholders commented that
our population predictions were either too high or too low. Our
hydrologic model helped stakeholders understand when the Swan
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Falls Agreement might be violated if given solutions were adopted
earlier or later, and differences in water use of different selections of
crops.

The interplay between water balance modeling and stakeholder
input occurred at multiple steps of the engagement process.
Interested stakeholders engaged with our water balance modeling
research team to discuss parameters and potential outputs for the
model. All stakeholders gave input that inspired modifications to
the inputs to the hydrologic model. As one example, stakeholders
commented that the “Megadrought” scenario did not adequately
represent the severity of a potential drought which motivated the
team to model conditions of the Dust Bowl. The joint stakeholder-
researcher team proposed three products from the WBM; model
agreement, model uncertainty, and model with solutions. Model
agreement (Figures 3, 4) indicates the average water that would be
available under multiple climate model runs, similar to how global
circulation models are presented for future climates. Model
uncertainty (Figures 3, 4) represents the variability between those
multiple model runs, which was primarily used by the modeling
team, although it was also presented to and discussed with the SAG.
Model with solutions indicates the water that would be available
once the identified solutions were implemented (see Cronan et al.,
2022a for more information). The change in water availability
became a critical element of our stakeholder engagement because
it a) validated stakeholder feedback in the modeling process, b)
provided a check of model sensitivity to the proposed solutions and
c) provided tangible examples of how effective the proposed
solutions might be on conserving water. This metric was
examined extensively by the SAG, across each of the six
scenarios, and in some cases led to a revision of model
parameters or scenario elements.

The solutions suite incorporated into the models, and model
outputs were presented to the SAG, revised based on their input,
and iterated again with the SAG during the sixth and seventh SAG
workshops in 2020. The seventh workshop focused primarily on fine-
tuning the timing of solution adoption with additional discussion of
the consequences of either early or late adoption (Figure 4).

Results

Co-developed food-energy-water solutions

Of the six scenarios co-developed with the stakeholders, the best
agricultural future envisioned was labeled “Happy Valley” and the
worst was named “Megadrought”. We use these two scenarios as book-
end illustrations of the results of the stakeholder-driven process
described above, and to highlight the interactions among stressors.
Solutions developed in these two scenarios provide an illustration of
the wide range of possible futures and solutions to issues presented in
those futures (Table 1). Not surprisingly, fewer solutions were needed
in the Happy Valley scenario as compared to the Megadrought
scenario. Three other scenarios envisioned futures with less
extreme (favorable or unfavorable) climate and social conditions
than Happy Valley and Megadrought, while the first scenario,
Business as Usual, anticipated continuation of current trends and
provided a baseline to which the other scenarios could be compared.

Modeled changes and co-developed
solutions for the Happy Valley scenario

The Happy Valley scenario anticipated low drought conditions, an
increase in both food production and in aquifer recharge. The scenario
posited that sustainable urban development would be achieved (urban
infill and increased urban population density), relieving pressure to
convert agricultural land to residential and commercial property.
Stakeholders expressed both hope and skepticism that this scenario
was realistic - they commented that in this ideal scenario, not many
solutions were needed to adapt to the future. Since agricultural production
would be high, stakeholders noted that increased infrastructure to store
and transport agricultural products would be needed as a solution early in
time - 2020 rather than 2025 (Table 1; Figure 4). Stakeholders agreed that
an agricultural protection zone was a realistic, or even necessary solution
to create this circumstance, and commented that since people would be
motivated to move to the area, a solution to population expansion should

FIGURE 2
Graphic representation of changes in available water and population change and likely solutions and timing of solutions for Happy Valley scenario.
Drivers include population change (in beige) and changes in average water availability (blue histograms). “Model agreement” refers to the average of multiple
climate model runs, “model uncertainty” indicates the variability between those model runs, and “model with solutions” indicates the water available once the
identified solutions are implemented (see Cronan et al., 2022a for more information).
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FIGURE 3
Graphic representation of changes in available water and population, likely solutions and timing of solutions for Megadrought scenario. Drivers include
population change (in beige) and changes in average water availability (blue histograms). “Model agreement” refers to the average of multiple climate model
runs, “model uncertainty” indicates the variability between those model runs, and “model with solutions” indicates the water available once the identified
solutions are implemented (see Cronan et al., 2022b for more information).

FIGURE 4
Representation of the solution development process from scenario narratives, to coupled biophysical modeling, to development of solutions and
modeling the impacts of solutions. “Model agreement” refers to the average of multiple climate model runs, “model uncertainty“ indicates the variability
between those model runs, and “model with solutions” indicates the water available once the identified solutions are implemented (see Cronan et al., 2022b
for more information). For more details on the coupling of models, see Cronan et al., 2022b. For more on the coproduction process see Kliskey et al. (In
review).

Frontiers in Environmental Science frontiersin.org06

Williams et al. 10.3389/fenvs.2023.1055547

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1055547


be added (Table 1; Figure 4). They suggested urban infill would need to be
adopted to protect agricultural land. Stakeholders disagreed with
researcher assumptions that water quality BMPs might be relaxed in
support of higher agricultural production, stating that they would increase
or remain unchanged. Stakeholders agreed that reservoir capacity would
be increased, and added that aquifer recharge was likely to increase as well.
Industrial and dairy byproducts and wastes were anticipated to be
converted to value-added products (Figure 4).

Modeled changes and co-developed
solutions for the Megadrought scenario

In contrast, the Megadrought scenario anticipated an extended
drought and hydrologic conditions similar to those experienced during
the Dust Bowl were modeled over the 30-year time frame. Changes
included a multi-decadal reduction in snow fall and precipitation, high
energy costs because hydroelectric power would not be expected to meet
demand, farmers would be forced to fallow land and agricultural land
would be sold for other uses. Stakeholders anticipated that the first solution
would be modification of crop rotations, adoption of both drought
resistant varieties and crops that require less water, and use of cover
crops (Table 1; Figure 2). Within a year or two of that response,
stakeholders anticipated that irrigation canals would be lined and
covered to increase the amount of water reaching crops. Stakeholders
acknowledged that this solution would have the effect of reducing recharge
of the aquifer andwould exacerbate the tensions between holders of surface
water and holders of groundwater rights. Additional solutions included
adoption of alternative energy incentives in response to the decreased
availability of hydropower; water saving innovations would include
industrial, urban, and agricultural water reuse strategies; and dairies
would reduce open feedlots in favor of cross-ventilated barns in an
effort to address reduced milk production due to heat stress (Table 1;
Figure 2). Approximately 15 years into this scenario stakeholders
anticipated that agricultural co-ops would become more common to
support surviving agriculture.

Discussion

Solutions selected by the SAG were directly relevant to the
stressors posited in each of the scenarios. In scenarios where water

scarcity was an issue, water saving solutions were selected and when
population pressures were a stressor, solutions to accommodating
more people were selected. Solutions proposed in each scenario were
the same or similar when stressors aligned (Table 4). For example,
implementation of agricultural protection zones was proposed as a
solution in four of the scenarios and was motivated by pressures to
convert agricultural land to residential or commercial. Installation of
anaerobic digesters, water quality BMPs and increase in compost use
and sale were proposed in four scenarios in response to water quality
stressors. Other solutions were unique to the scenario in which they
were proposed. Lining canals, as one example, was envisioned to occur
only in the most extreme and long-term drought conditions, and high-
density urban infill was only proposed in one scenario as a response to
dual stressors of increased population and increased importance of
agricultural production. Forty-one solutions were selected by the SAG
and of those, 18 were common to one or more other scenarios and
22 were unique to one scenario.

Since solutions are responsive to stressors, all of the solutions
selected by the SAG have been applied or proposed as solutions to
similar stressors in different geographic areas (Table 1). In fact, of the
total 39 solutions listed, all have been applied in other geographic
areas; none are unique to the MV region.

The variety of scenarios provided stakeholders with an opportunity to
think about solutions across a wide range of potential futures (Table 1).
Including visualization tools, such as mapping where population would
increase and where agricultural land might be converted to other uses,
fallowed, or transitioned to other crops enhanced the ability of
stakeholders to anticipate the location of likely changes. The full
process of scenario development, modeling, and using GIS to map
change enhanced visualization of regional climate change and impacts,
and allowed the SAG to develop solutions that were context- and place-
based. Stakeholders anticipated economic pressures, likelihood of
adoption and whether the solution would be accepted in the
community when evaluating solutions and determining when they
might occur. One example of their analysis was their rejection of the
addition of any new reservoirs because of the expense and resistance, but
acceptance of increasing the capacity of existing reservoirs as a more
realistic alternative. An additional example was that they did not agree
that biodigesters would ever be adopted by any but the largest dairies
because of past economic failures of this technology in smaller dairies in
the MV - contrary to the wide-spread adoption of small-scale anerobic
digestors in Western Europe (De Dobbelaere et al., 2015).

TABLE 1 Summary narratives for the six scenarios co-developed with the stakeholder advisory group for the Magic Valley, Idaho (based on Cronan et al., 2022b).

Scenario Key points of narrative

Business as Usual Water supply remains consistent but demand increases; food prices and demand are high thus agriculture is given economic advantage over other
land uses; water quality regulations increase; demand for residential land increases at a moderate rate

The Courts Call Shorter water years; tribes renegotiate water leases; limited water supply renders some crops unsustainable; regional population grows slightly;
increased temperatures; reduced water supply

Locavore Wetter conditions; more residential development; in-migration increases population substantially; high costs of fuel drive need for local
agriculture; clean water and food production defined as ‘highest and best use’ of water

Population Boom Water supply is stable without drought; substantial population growth drives increase in residential demand and water use; water quality
regulations increase to support values of people moving in

Megadrought Increased drought; increase in residential water demand; large proportion of irrigated agriculture is decommissioned; water quality regulations
are tightened

Happy Valley Low drought conditions; food production increase; increase in aquifer recharge; sustainable urban development achieved
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TABLE 2 Co-developed food-energy-water solutions and timing of solutions per scenario for the Magic Valley, Idaho (Key to timing: Now = 2020–2029; Soon =
2030–2039; Later = 2040–2050; * timing not specified).

Scenarios

Solutions #1 business
as usual

#2 court
calls

#3 locavore #4 population
boom

#5 megadrought #6 happy
valley

Cases
applying
same solution
in different
geographic
area

Food Conversion to
Jersey cows

Now (Prendiville et al.,
2009; Kristensen
et al., 2015)

Genetic selection:
reduces total #
dairy cows

* (Kiplagat et al.,
2012; Brito et al.,
2021)

Increased use of
alternative
cropping systems

Now * (Meng et al., 2012;
Gao et al., 2015)

Increased
regulations for
small farms

Now Bergtold et al.
(2019)

Incentivize
farming practice
changes

Soon (Smidt et al., 2016;
Noreika et al.,
2022)

Implementation
of APZ

Later * Soon (Plaut, 1980;
Brabec and Smith,
2002)

Agricultural land
trusts

Soon (Vink, 1998;
Hamilton, 2005)

Consolidation of
dairy farms

* MacDonald et al.
(2007)

Crop rotation
changes

Now (Degani et al.,
2019; Bowles et al.,
2020)

Dairies reduce
open feed lots

Soon (Perano et al.,
2015; Ji et al., 2020)

Agricultural
coops

Soon (Valentinov, 2007;
Mojo et al., 2017;
Gava et al., 2021)

Energy Alternative
energy incentives

Now * * Now (Davies, 2011;
Miao and Khanna,
2020)

Renewable energy
implementation

* Now Hoolohan et al.
(2019)

Increased
agricultural
infrastructure

Now Fuller et al. (2003)

Water Water quality
BMPs

Now Now Now Soon Ice, (2004)

Water
conservation
BMPs

Soon * Li, (2021)

Metering of
domestic wells

Soon Ray and Goswami,
(2020)

Water reuse
strategies

Soon Now (Abdel-Azim and
Allam, 2005; Knox
et al., 2018;

(Continued on following page)
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Solutions proposed by a SAG will likely vary based on the roles
each member plays in the community as well as their personal
values. In this project, the SAG was weighted toward traditional

agricultural and dairy practices. One of our SAG members
consistently advocated for more progressive solutions to
stressors, but few of those suggestions were incorporated into

TABLE 2 (Continued) Co-developed food-energy-water solutions and timing of solutions per scenario for the Magic Valley, Idaho (Key to timing: Now = 2020–2029;
Soon = 2030–2039; Later = 2040–2050; * timing not specified).

Scenarios

Solutions #1 business
as usual

#2 court
calls

#3 locavore #4 population
boom

#5 megadrought #6 happy
valley

Cases
applying
same solution
in different
geographic
area

Ait-Mouheb et al.,
2020)

High density
urban infill
housing

Soon (Landis et al., 2006;
Phan et al., 2008)

Urban water
saving BMPs

* Soon (Barta et al., 2003;
Younos, 2011)

Lining canals Now (Khair et al., 1991;
Abd-Elaty et al.,
2022)

Water savings
innovations

* * Now (Chai et al., 2014;
Helmstedt et al.,
2018; Mekonen
et al., 2022)

Urban &
Industrial water
conservation and
re-use

Now (Barta et al., 2003;
Younos, 2011)

Reservoir &
Recharge
expansion

Soon (Ehsani et al., 2017;
Knox et al., 2018;
Zhang et al., 2020)

Byproduct Increased use of
phosphorus index
in dairy NMPs

Now * Sharpley et al.
(2003)

Enhanced
composting and
value-added
byproducts

Soon * Later Walker et al.
(2006)

Use of NMPs on
crop farms

Later * (Beegle et al., 2000;
Osmond et al.,
2015)

Increase in
compost use and
sale

* Now * * (Brown and
Cotton, 2011;
Meyer-Kohlstock
et al., 2013; Scotti
et al., 2015)

Value-added
manure products
for farms

Now (Suthar, 2008;
Basak et al., 2012)

Prioritization of
byproduct
management

Soon Kleinman et al.
(2012)

Ag odor and air
quality
management

* * Now * * (Almaraz et al.,
2018; Janni, 2020);
University of
Massachusetts
Extension
Service (N.D.)
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scenarios by the SAG. If the SAG had been weighted as more
progressive leaning, solutions proposed would likely have
differed.

The co-production process applied in this study strengthens
the connections between scenario narratives, as stories, and
representation and impact models (Kok et al., 2015), and
enhances the effectiveness of scenario development via the co-
design and co-development process (McBride et al., 2017). The
outcomes from the approach also demonstrate the expansion of
climate, hydrological, and land use projections for
environmental planning (Kliskey et al., 2019) through the
identification of plausible solutions and the relative timing of
those solutions.

Visualizations of the scenarios and solutions are available as a
digital atlas for policymakers and for the general public (CRC - Center
for Resilient Communities, 2020) and the research team and
stakeholders reached out to legislators and others with information
about the project and access to the digital atlas as a tool for decision-
making. Also, one of our stakeholders was a water manager who could
discuss and distribute results to other water managers.

Conclusion

We have described a step-wise process we used to co-
produce solutions for the Magic Valley, Idaho that can be
used by others as a template for producing solutions in their
region. Our process illustrated to stakeholders the impact on
water and land-use of implementing solutions at different time
periods. Tailoring solutions to a suite of plausible future
scenarios allows stakeholders of a region to envision a range
of possible future changes to their region and to plan solutions
for each of the potential futures. In this paper, these solutions
were modeled to determine whether there were potential
unintended consequences of adopting solutions and
advantages or disadvantages to adopting solutions at different
times. The scenarios were key to focusing stakeholders on
potential changes in the future and from those, stakeholders
envisioned how they could adapt to a range of different climate
futures. The visualization of futures was enhanced by
hydrological modeling to illustrate changes in surface and
ground water availability, population modeling, and mapping
of the likely location of changes in residential expansion,
industrial development, and in agricultural expansion or
contraction and types of crops grown. Solutions were tied to
impacts and drivers of change in each scenario. Proactively
envisaging solutions allowed the SAG to develop possible
means of adapting to a range of scenarios, enhancing their
ability to respond to future stressors.

Throughout the process of developing solutions, the modeling
outcomes, scenarios and solutions were discussed with
stakeholders at our workshops and critiques and
recommendations by stakeholders were incorporated into
changes in models, scenarios and solutions. Maintaining
agricultural livelihoods, water quantity and water quality were
of high concern to stakeholders in the Magic Valley. The Swan
Falls Agreement was the indicator of water quantity. Violation of
the agreement could lead to cascading effects that would have
serious consequences to agriculture in the region and avoidance of

long-term violation was a primary concern for the stakeholders.
Although the solutions that were developed in the paper are
context specific (e.g., only large dairy producers will adopt
biodigesters to process dairy by-product), selected solutions
have been adopted in other regions around the world. Non-
etheless, different regions will have place-specific (and
stakeholder perspective-specific) needs that create unique
solutions to emerging FEWS problems.

Identification of solutions rarely results in implementation of
those solutions. As we have experienced, informing politicians
and other policymakers of a suite of solutions and the
consequences of delaying adoption of solutions also does not
necessarily lead to implementation. Future research focus will
include engaging stakeholders, politicians and policymakers in
identification and co-development of strategies and plans for
implementation of solutions. It is also important to carefully
consider stakeholders that are invited to be part of the co-
development process. These decisions should be made at the
inception of a project. The suite of solutions identified by
stakeholders are heavily dependent on their world-views and
life experiences and this should be taken into account when
selecting stakeholders. A different set of stakeholders would
likely result in a different mix and/or prioritization of the suite
of solutions developed to address FEWS challenges in the region,
but this diversity of stakeholders priorities is critical to finding
creative solutions.
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