& frontiers  Frontiers in Water

@ Check for updates

OPEN ACCESS

EDITED BY
Natalia Hoyos,
Universidad del Norte, Colombia

REVIEWED BY

Amy Quandt,

San Diego State University, United States
Muhammad Yousuf Jat Baloch,
Shandong University, China

*CORRESPONDENCE
Gopal Penny
gpenny@edf.org

RECEIVED 29 April 2025
ACCEPTED 31 July 2025
PUBLISHED 03 September 2025

CITATION

Penny G, Rodriguez-Flores JM,
Fernandez-Bou AS, Koebele EA, Schiller A,
Solomon D, Carlson K, Classen-Rodriguez L,
Daniels M, Grimm R, Hall M, Kiparsky M,
Mercado S, Mudd K and Sanchez S (2025)
Enhancing water security and landscape
resilience through multibenefit land
repurposing.

Front. Water 7:1620626.

doi: 10.3389/frwa.2025.1620626

COPYRIGHT

© 2025 Penny, Rodriguez-Flores,
Fernandez-Bou, Koebele, Schiller, Solomon,
Carlson, Classen-Rodriguez, Daniels, Grimm,
Hall, Kiparsky, Mercado, Mudd and Sanchez.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Water

TYPE Conceptual Analysis
PUBLISHED 03 September 2025
pol 10.3389/frwa.2025.1620626

Enhancing water security and
landscape resilience through
multibenefit land repurposing

Gopal Penny'*, José M. Rodriguez-Flores!,

Angel Santiago Fernandez-Bou?, Elizabeth A. Koebele?,
Anna Schiller?, Divya Solomon*, Katie Carlson?®,

Leticia Classen-Rodriguez®, Molly Daniels’, Robyn Grimm?,
Maurice Hall!, Michael Kiparsky®, Stephanie Mercado?,
Karina Mudd! and Sonia Sanchez'®

!Environmental Defense Fund, San Francisco, CA, United States, 2Union of Concerned Scientists,
Western States Program, Berkeley, CA, United States, *Department of Political Science, University of
Nevada-Reno, Reno, NV, United States, “Department of Applied Economics and Management, Cornell
University, Ithaca, NY, United States, *Zanjero, Sacramento, CA, United States, ®*SocioEnvironmental
and Education Network, Merced, CA, United States, ’Environmental Incentives, San Diego, CA,

United States, 8California Water Data Consortium, Sacramento, CA, United States, °Center for Law,
Energy and the Environment, University of California, Berkeley, Berkeley, CA, United States, °Self-
Help Enterprises, Visalia, CA, United States, Valley Eco, Merced, CA, United States

Achieving water sustainability in many water-scarce regions will require reducing
consumptive water use by converting irrigated agricultural land to less water
intensive uses. Conventional approaches to this challenge that emphasize
water conservation as a singular objective often promote ad hoc practices that
temporarily leave land idle while missing an opportunity to enhance landscape
resilience and harness synergies of managing water and land together. Multibenefit
land repurposing offers an alternative solution to this challenge by strategically
transitioning irrigated agricultural land to other beneficial uses that consume less
water and provide benefits for multiple constituencies. In practice, multibenefit
land repurposing involves the process of collaboration among different groups
(e.g., growers and community members) and the outcome of converting irrigated
agriculture to other multibenefit uses (e.g., groundwater recharge basins with
habitat and water quality benefits). It integrates into a single framework the joint
objectives of conserving water, creating benefits for society and the environment,
and stimulating the growth of participatory governance networks. But the pathways
through which multibenefit land repurposing can achieve these objectives have yet
to be demonstrated, either empirically or conceptually. To this end, we illustrate
conceptually how multibenefit land repurposing can be designed to enhance water
security and enable a transition to more resilient landscapes, building a theory of
change around three key elements: (i) creating multibenefit outcomes, (ii) improving
strategic regional coordination, and (iii) shifting underlying institutional conditions
to promote innovation, adaptation, and cooperation. We draw from experience
with the ongoing Multibenefit Land Repurposing Program (MLRP) in California,
which has brought together over 100 different organizations in support of eight
regional teams to work collectively on coordinated land transformation. We use
examples from MLRP to illustrate key components and challenges of the theory
of change, including how multibenefit land repurposing may be implemented
in practice. Despite being a relatively new approach, we argue that multibenefit
land repurposing offers a pathway to building resilient landscapes, including in
regions with historically severe and inequitable depletion of water resources.
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1 Introduction

In many water-scarce agricultural regions, increasing demand for
water, coupled with the effects of climate change, have pushed social
and environmental systems toward irreversible tipping points. These
tipping points are evidenced by dry wells and rivers (Pauloo et al.,
2020; Penny et al., 2020), abandoned farmland (Subedi et al., 2022),
increasing distress migration (Solomon et al., 2024), and growing lists
of endangered species (Mount et al., 2019). Given that agriculture
accounts for the majority of global water withdrawals (United Nations,
2024), programs that focus on water sustainability often seek ways to
reduce agricultural water demand through, for instance, increased
irrigation efficiency or conversion to water-efficient crops (Wang et al.,
2015). In some cases, however, achieving water sustainability will
require removing agricultural land from production, posing a
question of what happens to the land that was formerly in agriculture.

Here we focus on the goal of landscape resilience in regions where
reducing the irrigated agricultural footprint is a necessary step toward
water sustainability (Hanak et al.,, 2019). Such a water and land
transition is often pursued by temporarily leaving cropland idle or
permanently retiring cropland (Kelsey et al., 2018; Mooney and
Hansen, 2024), both of which decrease water consumption by
reducing evapotranspiration from crops. Although well-planned
regenerative fallowing can have environmental benefits, a reduction
in water access (i.e., through drought or through conservation
programs) often leads to an ad hoc process in which fields are left
unplanted and idle (Pancorbo et al., 2023). Idle fields, in which soil is
exposed to erosion, can contribute to environmental externalities such
as pests, weeds, and air pollution, and social externalities such as
economic decline in rural communities, particularly when the
reduction in agricultural production is extensive or permanent
(Alston and Kent, 2004; Ayres et al., 2022a; Dilling et al., 2019;
Sunding and Roland-Holst, 2020). In these cases, business-as-usual
conservation approaches that prioritize water savings as a singular
objective likely miss an opportunity to strategically manage water and
land together to enhance landscape resilience and equity. Designing
effective conservation tools that jointly address water and land
management is therefore a critical policy concern (Foster et al., 2013;
Varela-Ortega et al., 2011).

Land repurposing has been advanced as an approach to address
this challenge through the conversion of agricultural land to other
beneficial uses that consume less water (Bryant et al., 2020; Quandt
et al., 2023). Multibenefit land repurposing moves beyond this
definition to conceptualize land repurposing as the strategic
coordination and implementation of projects or practices to create
resilient landscapes by repurposing irrigated agricultural land and
providing multiple benefits in support of diverse constituencies (e.g.,
agriculture, rural households, vulnerable communities) and
ecosystems (DOC, 2025b; EDE 2021). Multibenefit land repurposing
embodies a paradigm in which agricultural landscapes can
be reimagined to enhance water sustainability, support thriving
ecosystems, maintain productive agriculture, and ensure water and
food security (Fernandez-Bou et al,, 2025). Yet as a strategic and
collaborative approach to regional-scale water and land management,
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multibenefit land repurposing is a relatively new concept with limited
real-world examples (Kelsey et al, 2018; Quandt et al., 2023).
Furthermore, the coordination and implementation question of how
multibenefit land repurposing can contribute to resilient landscapes
has yet to be addressed.

In this paper, we theorize how multibenefit land repurposing can
support resilient and equitable water and land management, drawing
on empirical work from geophysical and agronomic studies as well as
theories of human behavior, polycentric governance, and resilience of
social-ecological systems. In building a theory of change, we argue
that land repurposing creates an opportunity to find common ground
among diverse parties including landowners, growers, rural
communities, Indigenous Peoples, and environmental interests
(Espinoza et al., 2023; Fernandez-Bou et al., 2023). As such, it offers
potential to facilitate inclusive and adaptive governance that is more
resilient to both expected environmental trends (e.g., climate change)
and unexpected disturbances (e.g., economic shocks) (Chaffin et al.,
2014). Unlike conservation programs that focus on primarily single-
purpose benefits (e.g., water savings, flood risk reduction, or habitat
restoration) with co-benefits added secondarily, multibenefit land
repurposing strategically incorporates multiple benefits from the
beginning as a basis for inclusive planning. As such, multibenefit land
repurposing is conducive to holistic solutions rooted in
transdisciplinary and coproduction of strategies with different actors
representing different interests (Fernandez-Bou et al., 2025). While
the land repurposing approach can be viewed as one of many tools to
enable land and water conservation, we envision the approach as
providing a foundation for a paradigm shift that will foster a culture
of sustainability. Such ambitious goals are necessary when considering
the daunting challenge of moving deeply rooted water and land
management regimes toward greater resilience and equity, particularly
as many agricultural regions are experiencing hotter conditions with
less reliable precipitation.

Interest in land repurposing has grown in recent years in research
and practice, particularly in California (Espinoza et al., 2023; Kelsey
et al,, 2018). For instance, recent geospatial analyses have helped to
visualize where programmatic land repurposing may be most valuable
in creating benenfits (Bryant et al., 2020; Nunez-Bolano et al., 2025).
Multiple parties including water resource managers, conservation
practitioners, and agricultural interests have expressed support for
strategic land repurposing alongside appropriate incentives for
growers (Quandt et al., 2023). Further economic analysis using input-
output models has found that strategic land repurposing investments
have the potential to offset costs and bring net economic benefits to
local communities in California (Fernandez-Bou et al., 2023). Real-
world examples are also emerging through intensive efforts under
California’s Multibenefit Land Repurposing Program (MLRP) (DOC,
2025b). Many of the of this
Acknowledgements) are actively involved in implementing MLRP, and

authors manuscript  (see
we draw conceptually from this program to illustrate potential ways
that multibenefit land repurposing may work in practice. However,
we lack empirical data from which to draw broad conclusions about
the effects of the approach. As such, the current efforts under MLRP
serve as an experiment through which to test multibenefit land
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repurposing concepts and solutions. We therefore focus on developing
a theory of change to articulate how multibenefit land repurposing,
and by extension MLRP, can be designed and implemented to achieve
more resilient landscapes.

We begin by discussing how a business-as-usual approach to
water conservation may produce undesirable results due to a
resources challenge associated with insufficient, or poor quality,
water and land (Section 2.1), a governance challenge associated with
collaborative decision making (Section 2.2), and a structural
challenge associated with limited financial and technical capacity,
lack of experimentation, and entrenchment of the status quo
(Section 2.3). We then introduce an example of the San Joaquin
Valley in California and briefly review the guidelines and status of
MLRP (Section 3). Subsequently, we theorize how multibenefit land
repurposing can help address the aforementioned challenges by
transforming physical landscapes, governance structures, and the
underlying conditions necessary to create resilient landscapes
(Section 4). To ground our theory of change, we include an example
describing how MLRP is being implemented in Madera County,
California (Section 4.4). We then step back to discuss how the
broader policy and management context can be tailored to support
effective multibenefit land repurposing programs (Section 5.1).
We conclude by summarizing the potential benefits of multibenefit
land repurposing, as we describe in this manuscript, in the context
of challenges, uncertainties, and unanswered questions to motivate
additional research (Section 5.2).

2 Key challenges in water and land
Mmanagement

Multibenefit land repurposing has the potential to catalyze a shift
toward resilient landscapes by concurrently addressing key challenges
that lie at the nexus of water and land management: (i) a resources
challenge associated with water insecurity, environmental degradation,
and environmental injustice, (ii) a governance challenge associated
with lack of coordination and inequities in decision making, and (iii)
a structural challenge having to do with limited capacity to explore
new ideas and mental models that reinforce the status quo. Although
these challenges are closely related, business-as-usual conservation
programs that solely emphasize water sustainability are unlikely to
address them holistically. In this section we describe the challenges
broadly, with references to examples from around the world, noting
that we explore the challenges in greater depth through the California
case study (Section 3).

2.1 The resource challenge

Climate change, population growth, and economic development
have strained our environmental systems, contributing to unreliable
access to increasingly contaminated resources. We refer to the
resource challenge as the issue of addressing insufficient, or poor
quality, land, water, and air. In many cases (Chiarelli et al., 2022; Di
Baldassarre et al., 2018; Micklin, 2007; Penny et al., 2016), the resource
challenge grows as competition increases for scarce resources due to
increasing demand or increasingly unreliable supply associated with
climate change (Overpeck and Udall, 2020). For instance, water
diversions and groundwater extraction can threaten ecological health
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by altering natural flows (Rahman et al., 2019) and concentrating
contaminants (Igbal et al., 2025; Meng et al., 2024). These issues also
threaten water security of households (Srinivasan et al., 2025), farms
(Deines et al., 2020), and cities (Calverley and Walther, 2022), and
undermine the value of land and property (Henry, 2024; NASS, 2024;
Shew et al., 2024). Manifestations of the resource challenge have
occurred in regions around the world. Crystalizing this point, Porkka
et al. (2024) found that 39% of global land area is associated with
increasingly frequent low streamflow, largely due to reservoir
construction and irrigation expansion. Notable examples of the
resource challenge include, but are not limited to, Australia (Wei et al.,
2011), China (Chen et al., 2003), Pakistan (Wescoat et al., 2018), and
Spain (Vicente-Serrano et al., 2019).

Conserving water by reducing agricultural demand may
be necessary to address these challenges in many water-scarce
agricultural regions. Business-as-usual conservation approaches often
elevate temporary cropland fallowing, or simply leaving land idle, as
a solution to water scarcity (DWR, 2025; Harris, 2023). Temporarily
leaving land idle without careful management, however, may lead to
undesirable externalities such as the proliferation of pests and weeds,
erosion and soil degradation, and the mobilization of airborne
pollutants from dry soil (Ayres et al., 2022b; Reicosky et al., 2023).
Expansion of idle land may also reduce employment opportunities
and weaken the regional economy. At the same time, there may
be opportunity costs associated with unproductive idle land when it
could be converted to alternative land uses, such as recovering lost
habitat, creating new green spaces, or constructing renewable
energy facilities.

Ad hoc approaches to conserve water also miss an opportunity to
capture synergies of managing both water and land together (Mooney
and Hansen, 2024; Plassin et al., 2021). Many of the drivers and
consequences of the resource challenge are spatially related, and
strategically conserving water and land resources can improve
outcomes of conservation while mitigating negative environmental
and social concerns (Kelsey et al., 2018).

2.2 The governance challenge

The resource challenge described above is often accompanied by
a governance challenge, or specifically, a collective action problem
wherein individual incentives impede the ability of the collective to
agree upon or implement sustainable and equitable solutions (Gardner
et al., 1990). We define governance as the set of social and political
processes, rules, and norms that collectively determine how goals are
defined and tradeoffs are resolved, thereby shaping specific decisions
and actions that determine how resources are utilized (Biggs et al.,
2012; Kiparsky et al., 2016). The governance challenge therefore has
to do with overcoming conflicting incentives among actors to enhance
coordination and equitably manage limited and potentially polluted
water and land resources (Ostrom, 2005). The governance challenge
commonly occurs in water-scarce agricultural regions ranging from
Australia (Marshall and Alexandra, 2016), to Bangladesh (Ishtiaque
etal.,, 2017), Mexico (Hoogesteger and Wester, 2017), and South Africa
(Rawlins, 2019).

In water-scarce agricultural landscapes, growing demand for
water often contributes to a competitive environment where
individualistic decisions are prioritized (Gardner et al., 1997). This
concern can be exacerbated by the need to maximize revenues to
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offset risks and increasing costs of seeds, fertilizer, and other
agricultural inputs. Despite good intentions, business-as-usual
agricultural water conservation programs may manifest in fragmented
decision-making that undermines resilience amidst change (Mendez-
Barrientos et al., 2019). For instance, top-down approaches to
conservation (i.e., those that are designed and managed centrally by
government agencies) are likely to be insufficient because they fail to
match the needs of agricultural landowners and growers, who have
discretion over how to manage the land (Koebele et al., 2022).
Similarly, purely bottom-up approaches (i.e., those built on voluntary,
individual decisions in response to external factors such as drought or
incentive payments) may fall short by failing to maximize the multiple
benefits of intentionally managing land and water together or
considering landscape-scale processes, as these activities require
coordination and technical capacity to design and evaluate projects
across the landscape. Bottom-up approaches may also exclude
underrepresented groups from the decision-making process,
producing outcomes that disproportionately favor those with political
influence (Dobbin and Lubell, 2021; Ostrom, 2005).

Addressing landscape inequities in polycentric land and water
governance arrangements, where multiple actors hold different, yet
often overlapping authorities over decision making (Carlisle and
Gruby, 2019), requires approaches to cross-scale collaboration and
coordination that not only promote equitable representation but also
equitable influence over decisions and outcomes (Koebele et al., 2024).
Achieving these goals may require overcoming financial or capacity
restrictions on inclusive participation, setting clear rules for
collaboration, and providing readily-accessible platforms for
information sharing (Gerlak et al., 2012). Effective leadership may
further support equitable participation (Pholsim and Inaba, 2022).
However, even with these procedural elements in place, direct
governmental oversight may be necessary to guide resources toward
equitable outcomes (Ostrom, 2005), though this may also
be challenged by fragmentation in governance authority over different
aspects of the problem or across scales (Kim et al., 2015; You, 2024).
Identifying institutional configurations that promote equitable
outcomes in environmental transitions amidst these challenges is
therefore critical for addressing the governance challenge at the land
and water management nexus.

2.3 The structural challenge

The governance challenge described above is underpinned by a
structural challenge in which systems becomes increasingly
constrained by limited capacity to experiment with new ideas or adapt
to changing circumstances (Holling, 2001). This issue of stagnation or
path dependence is particularly concerning in the face of climate
change, growing water scarcity, and increasing pollution (Marshall
and Alexandra, 2016). The structural challenge is shaped by
institutions (rules, norms, and strategies) and perceptions, or mental
models, that reinforce existing behaviors and therefore maintain the
status quo (Anderies et al., 2016; Monat and Gannon, 2015). The
structural challenge is common to many social-ecological systems
(Holling, 2001) including examples in India (Shah, 2010), Nigeria
(Shanono et al, 2019), and the United States (Fernandez-Bou
etal., 2021D).

To illustrate how this challenge may emerge and become
increasingly intractable, consider the following dynamics that
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commonly occur in fertile, water-scarce regions. Historical land and
water development patterns, coupled with modern economic
incentives, often motivate the production of water-intensive crops to
generate income and support livelihoods, even as the necessary land
and water inputs become degraded in the process. Long-standing
social and cultural values often favor existing practices, including
conventional agriculture, over alternatives that may be more
sustainable (Wreford et al., 2017). This process leads to systems that
stagnate around existing behaviors, inhibiting opportunities to
experiment with new solutions and learn how to address emerging
threats (Holling, 2001). Collectively, these factors can produce a
scenario in which landowners and growers face difficulties in
preserving a livelihood strategy that is increasingly untenable in the
face of larger market, environmental, and regulatory forces, and where
they are increasingly disincentivized to act in the interest of the
collective (Shah, 2010).

Consequently, there is a need to reshape key institutions that
influence behavior across scales, from the farm to the region. This
includes fostering an environment that encourages experimentation,
rewards collaboration, and promotes sustainability (Holling, 2001). It
includes cultivating the capacity to collaborate and innovate around
new ideas (Cundill et al., 2015). If new behaviors are adopted and
contribute to more desirable outcomes, perceptions of what is
acceptable and possible are likely to shift and individuals across
constituencies may learn to adopt new mental models about the
system (Levy et al., 2018). This process may require new financial
investment to catalyze these changes, including incentivizing new
behavior and creating new institutions (Ranjan et al., 2019; Wreford
et al.,, 2017). Such investments are likely necessary to catalyze a shift
away from business-as-usual conditions to those that enable
resilient landscapes.

3 Case study: the San Joaquin Valley
3.1 Land and water challenges

To provide a better sense of how these challenges create
opportunities to improve water security and resilience, using a
multibenefit land repurposing approach, we shift our focus to the
example of the San Joaquin Valley in California. The San Joaquin
Valley highlights how challenges associated with water and land
management generate the need for creative approaches to water
sustainability (Figure 1). The Valley also serves as an active testing
ground to understand and explore multibenefit land repurposing,
having received recent funding from the state government
through MLRP.

Water and land challenges are intimately related in the San
Joaquin Valley due to its fertile soils, arid climate, and economic
reliance on agriculture. Demand for agricultural products and
associated economic opportunities led to widespread conversion of
habitat areas to agricultural land in the nineteenth century (Olmstead
and Rhode, 2020; Stewart et al., 2019), including the removal of 95%
of historical wetlands (Garone, 2020). Agriculture became the
economic engine of the Valley, creating new demands for water and
motivating the construction of extensive surface water infrastructure
for storage and conveyance, and a parallel legal framework for
managing and allocating water. Surface water rights in California are
governed both by riparian rights, in which rights are associated with
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San Joaquin Valley drivers of change, undesirable outcomes, and MLRP subbasins. (a) Land use map including major crop categories (DWR, 2024a) and
protected areas (Greenlnfo Network, 2024). (b) Average annual consumptive water use (2014-2023) (Melton et al., 2022) (c) Groundwater depletion
(1995-2020) (Levy et al., 2021) and counts of reported domestic dry wells (2014-2024) (DWR, 2024b) (d) Total land subsidence (2015-2024) (DWR,
2024c) and canal system. (e) Average annual pesticide use (2011-2022) (DPR, 2024) and failing water systems as defined by the California State Water
Board (CSWRCB, 2024) (f) Population per park area (California State Parks, 2020) and disadvantaged communities (Fernandez-Bou et al.,, 2023).

land ownership along waterways, and appropriative rights, in which
rights are allocated based on the time of first use (Bork, 2022).
Appropriative water rights give priority to older claims that
demonstrate continued beneficial use, meaning those with senior
rights must continue to use water to maintain their right. Those with
junior rights are first to lose access to surface water in times of
drought. In contrast, groundwater rights were historically associated
with the principle of correlative use, in which landowners may extract
a reasonable amount according to the extent of their overlying land.
Outside of court adjudications, this right was rarely enforced, allowing
unregulated pumping in many parts of the state (Owen et al., 2019).
Recent developments, however, are changing groundwater rights. In
particular, the state passed the California Sustainable Groundwater
Management Act (SGMA) in 2014, which will require groundwater
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subbasins across the state to achieve sustainability by 2040. We briefly
describe SGMA and key implications, below.

As of 2023 in the San Joaquin Valley, there are over 1.7 million
hectares of irrigated agriculture (Figure 1a), of which over 1 million
hectares are water-intensive orchards (almonds account for 489
thousand ha) (DWR, 2024a). The landscape reflects the long-term
evolution of agriculture in the Valley, shifting from primarily annual
crops to orchards. For example, the region once supported extensive
cotton cultivation, with more than 480 thousand hectares in the early
2000s, declining to just over 100 thousand hectares by 2019 (USDA
NASS, 2022). This transition has been driven by economic profitability
and largely enabled by advances in irrigation techniques such as drip
and micro-sprinkler systems (Taylor and Zilberman, 2017). While
these technologies allow for more efficient irrigation, they have also
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enabled the expansion of cropland, including in marginal lands and
areas reliant solely on groundwater, contributing to an overall increase
in water demand. This agricultural intensification has driven high
levels of water consumption, as shown by evapotranspiration (ET)
patterns across the region (Figure 1b).

The transition to water-intensive agriculture in the San Joaquin
Valley was not without consequences. As surface water became
increasingly scarce, groundwater extraction grew dramatically to 40%
of the state water supply (Hanak et al., 2019). Groundwater pumping
has led to aquifer depletion across the valley, resulting in over 3,800
domestic wells going dry in the past ten years (2014-2024) (DWR,
2024b) (Figure 1c). Subsidence in areas of extensive groundwater
depletion damaged major canals (Figure 1d), decreasing delivery
capacity and requiring costly repairs (DWR, 2023). The Friant-Kern
Canal, the eastern artery of the Central Valley Project, has experienced
a 60% reduction in capacity (Friant Water Authority, 2019), while the
California Aqueduct, the main canal of the State Water Project, has
lost 44% of its designed capacity (DWR, 2023). Recycling of
groundwater for repeated irrigation has also led to concentration of
salts and degraded soils, diminishing yields in places that lack the
ability to flush salts from the soil (Levy et al., 2021; Pauloo et al., 2021;
Scudiero et al., 2017). At the same time, demand for farm labor fueled
the growth of vulnerable, lower-income communities entirely
dependent on groundwater for water supply (Palerm, 2000).

The region also faces environmental justice challenges. Many
community water systems throughout the valley have been designated
as failing water systems by the California State Water Resources
Control Board (CSWRCB, 2024). These water systems fail to meet
drinking water standards, often due to high concentrations of nitrates
or pesticides, or are unable to provide drinking water due to water
shortages (Bennett et al., 2024; Larsen et al., 2017; Li et al., 2023)
(Figure 1e). Research has shown that these issues disproportionately
affect vulnerable communities (Balazs and Ray, 2014; London, 2021;
Pace et al.,, 2022). Areas with limited park access exacerbate these
environmental burdens, as underserved populations are deprived of
essential recreational and green space amenities, which are critical for
access to a healthy environment and overall well-being (Figure 1f).
This lack of access contributes to the broader public health threats
faced by vulnerable communities (O’Connell et al., 2023; Rowland-
Shea et al.,, 2020). Many of these issues will be exacerbated by climate
change, which will lead to higher temperatures, greater variability in
total precipitation, greater likelihood of extreme events, and greater
evaporative demand, along with less total snowpack storage and
changes in the seasonality of snowmelt (Medellin-Azuara et al., 2024;
Swain et al., 2018).

Concerns around groundwater in the San Joaquin Valley reached
a tipping point in 2013-2014 when extreme drought resulted in water
rationing across California and spurred the state legislature to pass
SGMA (Leahy, 2015). SGMA requires subbasins across California to
meet a variety of sustainable groundwater management criteria by
2040 (Leahy, 2015) and is reshaping the San Joaquin Valley in multiple
ways. Although SGMA avoids the topic of land management,
achieving groundwater sustainability under the law could require
removing 500-900 thousand acres (approximately 200-400 thousand
hectares) of irrigated farmland from production, amounting to nearly
20% of irrigated agriculture in the valley (Hanak et al., 2019; Hanak
etal, 2023). Additional farmland may need to come out of production
due to warming temperatures and changes in precipitation associated
with climate change (Escriva-Bou et al.,, 2023). Such a dramatic shift
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in agriculture threatens the economic fabric of the valley. Farm
production and economic revenues will fall and many growers may
be forced out of agriculture, especially in areas without surface water
rights. Land values in areas with reduced water access have already
plummeted by up to 50% (Henry, 2024; Shew et al., 2024). The
livelihoods of households that depend on economic activities
associated with agriculture will be also threatened (Quandt et al.,
2023). Expansion of idle land and loss of active vegetation will increase
temperature, dust pollution, and the likelihood of dust storms, posing
further environmental hazards for the region (Adebiyi et al., 2025).

SGMA is also reshaping groundwater governance in the Valley.
Under SGMA, authority is shared across multiple decision-making
centers, both in terms of delegating responsibility for groundwater
sustainability to local agencies and in terms of facilitating
communication and decision making across scales. SGMA requires
the formation of local Groundwater Sustainability Agencies (GSAs)
that oversee local groundwater management, including the
development and implementation of Groundwater Sustainability
Plans (GSPs). GSPs are regulatory documents that outline strategies
to achieve groundwater sustainability within each groundwater
subbasin. Increased collaboration can be viewed as an objective of the
law (Lubell et al., 2020) which supports connectivity across governance
structures at multiple levels (Milman and Kiparsky, 2020). The
formation of GSAs and creation of GSPs have contributed to greater
participation in groundwater management (Quandt et al., 2023).

Despite these features, implementation of SGMA has reflected
aspects of the business-as-usual conservation approach described
above. For instance, without further intervention, water
conservation under SGMA may occur through an uncoordinated,
ad hoc process that expands idle land, introduces pests, worsens air
quality, and exacerbates inequalities (Quandt et al., 2023). Local
decision making and coordination structures under SGMA have
often emerged from existing institutions, thereby continuing to
marginalize historically underrepresented and underserved parties,
including low-income rural communities (Dobbin and Lubell,
2021), small and socially disadvantaged farmers (Mendez-
Barrientos et al., 2019), and growers outside irrigation districts
(Mendez-Barrientos et al., 2019). Conflicting interests and lack of
trust among diverse parties are among the most frequently cited
obstacles to inclusive planning in SGMA implementation (Leach
etal., 2021). Additionally, the high transaction costs associated with
participating in SGMA’s groundwater governance approach
preclude many actors from the social and political interactions that
create an opportunity for representation and policy influence
(Koebele et al., 2024). In other words, a business-as-usual approach
under SGMA could address a water problem while exacerbating
other social and environmental issues.

3.2 The Multibenefit Land Repurposing
Program (MLRP)

Concerns about groundwater pumping limitations, declining
agricultural land values, historical loss of habitat, and increasing
environmental health risks have generated intense focus on how to
minimize the ramifications of such a dramatic transition in California
(Kiparsky, 2016; Niles and Hammond Wagner, 2018). Growing
interest in land repurposing in the San Joaquin Valley contributed to
the state legislature funding the Multibenefit Land Repurposing
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Program as a large-scale experiment to test innovative approaches to
manage landscapes under increasing water scarcity (EDF, 2021). Note
that we refer to this specific program using the acronym MLRP, while
avoiding using a similar acronym (i.e., MLR) when discussing
multibenefit land repurposing generally.

MLRP is administered by the California Department of
Conservation (DOC) and has leveraged nearly US$100 million in
state funding to bring together over 100 organizations to contribute
to this process (Self-Help Enterprises, Environmental Defense
Fund, and Environmental Incentives, 2024). State budget bills
passed in 2021 (SB170, Ch 240, Stat. of 2021) and 2022 (AB 211, Ch.
574, Stat. of 2022) funded the program with the goal of repurposing
irrigated agricultural lands to improve groundwater sustainability,
enhance wildlife habitat, and provide benefits to vulnerable
communities [i.e., disadvantaged communities as defined by
California state agencies (CalEPA, 2022)]. DOC solicited block
grant applications of up to $10 million from GSA-led or
GSA-affiliated teams to implement regional multibenefit land
repurposing efforts in high-priority or critically overdrafted
subbasins (DOC, 2025b, 2025a). DOC awarded eight block grants
from 2022 to 2023, including six in the San Joaquin Valley (see
Figure 1b), prioritizing proposals that (i) aligned with program
goals, (ii) demonstrated the ability to build strong partnerships, (iii)
focused on creating benefits for disadvantaged communities, and
(iv) were led by teams with strong capacity and expertise (DOC,
2025b). Block grantees (i.e., the teams awarded block grants within
each subbasin) focus on a range of activities such as outreach,
coordination, planning, project implementation, and monitoring
(Self-Help
Environmental Incentives, 2024). Every block grantee must also

Enterprises, Environmental Defense Fund, and
prepare a multibenefit agricultural land repurposing plan that
describes strategies and opportunities for multibenefit land
repurposing within the subbasin area [for complete requirements,
see DOC, 2025b]. Because participation in MLRP is voluntary,
grantees can also create financial incentives to motivate growers to
enroll their land in MLRP. In this manuscript, we use the term
“growers” to broadly refer to land-owning or land-operating
individuals with the authority to make long-term decisions about
agricultural land management. Growers therefore may comprise
agricultural landowners, tenant and small farmers, and socially
disadvantaged growers (DOC, 2025b). In addition to the block
grant funding, DOC created a separate Statewide Support Entity
(SSE) to facilitate collaboration across subbasins, build capacity, and
oversee program-wide monitoring efforts (DOC, 2025b). The
program-wide monitoring approach developed by the SSE focuses
on high-level indicators that capture elements of engagement,
collaboration, project costs, and project outcomes consistently
across the program (Self-Help Enterprises, Environmental Defense
Fund, and Environmental Incentives, 2025). DOC further requires
each block grantee to develop monitoring plans for individual
projects (DOC, 2025b).

In practice, block grantees coordinate program implementation
within each subbasin while meeting regularly with DOC and,
separately, with all MLRP organizations through SSE-organized
meetings. DOC works with block grant teams to ensure progress
toward regional goals. While block grantees have considerable
discretion over how to approach land repurposing in their subbasins,
they must work closely with DOC to ensure that all program costs are
eligible for reimbursement. DOC approves individual project funding
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only after ensuring that projects meet program guidelines, which
require that projects enhance groundwater sustainability and provide
at least one additional benefit for society or the environment (DOC,
2025b). DOC also requires that each subbasin collectively advances
projects that contribute to connectivity of resources such as habitat or
energy, are conducted on lands least viable for irrigated agriculture,
and provide meaningful benefits for disadvantaged communities
(DOC, 2025b). Regarding the latter requirement, MLRP guidelines
outline four criteria that must be met for DOC to determine that a
project provides meaningful community benefits. To meet these
criteria, projects must (i) intentionally create direct, measurable
benefits that (ii) enhance community resources and (iii) meet an
expressed need of the community while (iv) protecting against harms
to the community and community resources. Full details on these
requirements are available through the MLRP guidelines for Round 1
(DOC, 2025a) and Round 2 (DOC, 2025b) solicitations. Beyond the
state general funds that support the current block grant awards,
California voters recently approved a general obligation bond which
includes an additional $200 M public investment in MLRP, ensuring
the program remains funded in California in coming years (California
Proposition 4 of 2024).

In the sections below, we describe a theory of change for
multibenefit land repurposing, building our analysis on existing
literature and informed by progress within MLRP. While we use the
example of MLRP the San Joaquin Valley as an empirical illustration
of how multibenefit land repurposing can be designed and
implemented, we note that the Valley reflects many of the challenges
faced by water-scarce agricultural landscapes in other regions. For
instance, agriculture is the primary water user in many basins around
the world, and ecological health has suffered due to reduced habitat
area and connectivity (Bond et al., 2019; Hoang et al., 2023). Rural
communities in these basins commonly depend on groundwater for
domestic water supply and face increasing risks due to groundwater
depletion and contamination (Levy et al., 2021; Pauloo et al., 2020).
Likewise, many regions exist in which economic and institutional
inertia complicate efforts to improve water and land sustainability
(Nath et al., 2023). As such, we anticipate the research presented in
this article will inform land and water management approaches in
regions beyond the San Joaquin Valley.

4 Multibenefit land repurposing as a
promising solution

The challenges described above reveal how business-as-usual water
conservation approaches may produce undesirable, inequitable outcomes
stemming from lack of strategic planning and persistence of entrenched
institutions. At the same time, the opportunity that emerges through
conservation brings the potential to create landscapes that support a
mosaic of productive agriculture, healthy communities, and thriving
habitat, if designed and implemented intentionally. We argue that
multibenefit land repurposing can help catalyze this shift by providing a
template for regional coordination and landscape transformation
(Figure 2). In what follows, we present a theory of change for multibenefit
land repurposing, building our argument on scholarly literature and
examples from MLRP in the San Joaquin Valley. Because MLRP is a work-
in-progress and the outcomes of the program have not yet been realized,
we focus our analysis on how multibenefit land repurposing can
be designed to promote resilient landscapes while highlighting specific
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challenges that may arise and complicate land repurposing efforts. The
theory of change therefore serves multiple purposes. On the one hand, it
articulates a vision for how multibenefit land repurposing can contribute
to equitable, adaptive, and productive landscapes. On the other hand, it
can be considered a set of hypotheses that serve as a framework for future
critical analyses of multibenefit land repurposing programs such as MLRP.

In the context of irrigated agricultural land needing to come out
of production (Figure 2-i), multibenefit land repurposing targets
multiple aspects of the existing system to advance a transformation
toward resilient landscapes. It can be designed to reshape business-as-
usual enabling conditions (Figure 2-ii) through new incentives,
opportunities, and resources to enable collaborative mindsets,
increased financial and social capital, and new adaptive strategies. It
can be structured to strengthen collaborative and adaptive governance
networks through regional coordination and planning (Figure 2-iii).
And if executed well, it can add social and environmental value to the
landscape through multibenefit projects (Figure 2-iv). In the following
subsections, we theorize how these transformations can occur and
identify obstacles that may impede such transformation, using MLRP
as a basis for analysis. In particular, we focus on the potential for
multibenefit land repurposing to address the resource challenge
through multibenefit projects (Section 4.1), the governance challenge
through regional coordination (Section 4.2) and the structural
challenge through a shift in the enabling conditions for water and land
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management (Section 4.3). We conclude by grounding our analysis in
the Madera County MLRP block grant, one of the eight regional
grantees implementing MLRP (Section 4.4).

4.1 Creating value through multibenefit
projects

Multibenefit land repurposing can be used to mitigate the
challenge of inadequate land, water, and air (addressing the Resource
Challenge defined in Section 2.1) through the implementation of
multibenefit projects that reduce the strain on resources and create
social and ecological value. Within MLRP, block grantees determine
what outcomes are most valuable and therefore how to properly
incentivize projects that achieve these outcomes. Potential projects
and benefits being explored within MLRP include habitat restoration
to improve ecosystem health and connectivity, green spaces to provide
recreation for communities, and renewable energy facilities to reduce
greenhouse gas emissions (Self-Help Enterprises, Environmental
Defense Fund, and Environmental Incentives, 2025). Projects can
be designed to meet the needs of local communities through, for
instance, job retraining or the creation of other economic benefits.
Growers can benefit from projects through incentive payments or
other design features such as enhanced subsurface water storage, soil
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TABLE 1 Potential benefits from land repurposing projects synthesized from literature.

Solutions Benefits

Transitioning from water-intensive
crops (e.g., orchards) to water-efficient

crops or non-agricultural uses.

« Reduced water consumption and drought resilience (Escriva-Bou et al., 2023; Medellin-Azuara et al., 2024; Richter et al,, 2017)
« Reduced air and water pollution from fertilizer and pesticide use (Larsen et al., 2023; Nicholson and Williams, 2021; Rudnick
etal., 2021)

« Multiple socio-economic and public health benefits, especially near communities (Ayres et al., 2022a; Espinoza et al., 2023;
Fernandez-Bou et al., 2023; Gunier et al., 2017)

« Reduced vulnerability in regions prone to subsidence and/or with high domestic well density (Levy et al., 2020; Pauloo et al.,
2020; Rodriguez-Flores et al., 2023)

« Diversified sources of income and job training (Hoffacker et al., 2017)

« Adoption of climate-resilient crops to ensure farmers’ productivity (Pathak et al., 2018; Rising and Devineni, 2020)

Transitioning to regenerative

agriculture

« Preservation and sequestration of soil carbon (Mitchell et al., 2017; Tully and Ryals, 2017; Vendig et al., 2023)

« Increased soil water holding capacity (Borum et al.,, 2024; DeVincentis et al., 2022; Mitchell et al., 2012)

« Enhanced pollinator habitat and above- and below-ground biodiversity (Altieri and Nicholls, 2018; Guzman et al., 2019, 2021;
Heisey et al., 2022)

« Increased agricultural resilience to climate change (Kaye and Quemada, 2017; Morris and Bucini, 2016)

« Reduced agrochemical inputs (Benbrook et al., 2021; Larsen et al., 2024; Larsen and Noack, 2021)

« Socio-economic and public health benefits (Bezner Kerr et al., 2022; Larsen et al., 2017; Rasmussen et al., 2024; van der Ploeg

etal, 2019)

Managed aquifer recharge (MAR)

« Greater water availability through replenished groundwater (Alam et al. 2020)

« Reduced flood risks (Kocis and Dahlke 2017; Huang and Swain 2022)

« Enhanced groundwater levels and quality (Bijay-Singh and Craswell, 2021; Ulibarri et al., 2021)
« Incentives for farmers to adopt water conservation practices (Bruce et al., 2023)

« Improved protection of drinking water supply wells (Castaldo et al., 2021; Marwaha et al., 2021)

Habitat and floodplain restoration

« Support for threatened and endangered species (Bourque et al., 2019; Keeley et al., 2018; Richmond et al., 2017; Stewart et al.,
2019)

« Enhanced upland and riparian habitats (Bryant et al., 2020; Lortie et al., 2018; Serra-Llobet et al., 2022)

« Enhanced habitat connectivity (Cameron et al., 2022; Keeley et al., 2018; McComb et al., 2022)

« Improved baseflow and protected groundwater-dependent ecosystems (Hall et al., 2018; Howard et al., 2023; Rohde et al., 2018)

Solar photovoltaic projects

« Contribution to regional clean energy transition goals (Ayres et al., 2022b; Biggs et al., 2022; Kalra et al., 2024)

« Diversification of farm-scale economic revenue through agrivoltaic systems (Fernandez-Bou et al., 2024; Cuppari et al., 2021;
Warmann et al., 2024)

« Affordable and reliable energy source for communities (Lukanov and Krieger, 2019; Miraee- Ashtiani et al., 2023; Murphy et al.,
2024)

« Enhanced revenue from marginal agricultural lands with minimal ecological impact (Hoffacker et al., 2017; Wu et al., 2023)

« Enhanced ecosystem functions and conservation outcomes in ecovoltaic systems (Ashraf et al., 2024; Moore-O’Leary et al., 2017;
Nordberg et al., 2021)

« Greater retention of soil carbon and soil moisture (Hernandez et al., 2019; Krasner et al., 2025)

Projects led or co-led by communities

and/or Tribes

« Protected and/or enhanced community assets (Pastor et al., 2024; Wang et al., 2023)

« Improved access to green spaces and recreational areas, promoting physical and mental health benefits (Ekkel and de Vries, 2017;
Flegal et al., 2013; O’Connell et al., 2023; Rowland-Shea et al., 2020; Sister et al., 2010)

« Enhanced food access and well-being through community gardens (Algert et al., 2016; Ferris et al., 2001; Lin and Egerer, 2020;
Twiss et al., 2003)

« Greater climate resilience and mitigation of exposure to climate impacts (Benevolenza and DeRigne, 2019; Hankins, 2024; Jerrett
et al., 2024; Pfefferbaum et al., 2013)

« Opportunities to foster education, leadership, stewardship, and engagement (Bennett et al., 2018; Fernandez-Bou et al., 2021a;
Hibbett et al., 2020; Merenlender et al., 2016)

« Support for tribal practices, co-management, stewardship, and return of land to Tribes (Anderson, 2005; Baldy, 2013; Long et al.,

2022; Long and Lake, 2018; Ross et al., 2008; Stevens, 2020)

conservation, or water savings. The types of benefits that can
be created are varied (see Table 1) and may be combined in
creative ways.

Each subbasin in MLRP has approached this challenge differently
based on local needs and preferences. In the planning stages, some
regions have emphasized strategies such as cover crops (Borum et al.,
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2024), multibenefit groundwater recharge basins that include habitat
restoration (EDE  2020a), agrivoltaic solar energy projects
(Fernandez-Bou et al., 2024), and buffer zones around communities
to reduce environmental health concerns (Fernandez-Bou et al,
2023). The first set of MLRP-funded projects was approved by the
California Department of Conservation in 2024 (Self-Help
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FIGURE 3

Illustrative example of land repurposing options, benefits, and tradeoffs. (a) The hypothetical land repurposing projects presented in the figure include
(i) an aquifer recharge project near a canal, (i) creation of green space and aquifer recharge near a disadvantaged community, (iii) extension of wildlife

reserve via riparian habitat restoration, and (iv) conversion to solar energy with grazing. (b) Benefits and tradeoffs for the four example projects across

five categories (water, community, habitat, economy, other). The values for each benefit were chosen to be representative of what could

be anticipated from each project, while noting that various actors might score and weigh the value of each benefit differently. Quantifying benefits
under each category may require multiple indicators (e.g., water sustainability could include increased supply, reduced consumption, and enhanced
water quality). Equitably identifying and navigating these tradeoffs represents a key component of the governance challenge.

Enterprises, Environmental Defense Fund, and Environmental
Incentives, 2025). One project involves restoring upland habitat on a
former dairy farm, reducing water consumption and restoring soil
health, and improving ecosystem connectivity. Another project will
convert orchards to pollinator habitat while creating a hedgerow
barrier between farming activities and a neighboring community.
Other projects will implement multibenefit recharge basins that
restore riparian habitat while providing infrastructure for managed
aquifer recharge that replenishes aquifers and alleviates
groundwater contamination.

The variety of possible land repurposing options allows
considerable flexibility in determining which projects may
be implemented in any particular region or parcel of land. Strategically
locating projects can increase their value and provide additional

benefits, as illustrated through the hypothetical examples in Figure 3.
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But each project design may present benefits more desirable to some
actors than others, creating a need to evaluate tradeoffs and prioritize
among potential projects (e.g., Figure 3b).

MLRP block grantees can face various challenges in designing and
implementing suitable multibenefit projects. For instance, some
landowners lack the resources to plan and design projects, meaning
technical assistance could be a necessary element in developing project
proposals. Multibenefit projects can present novel design hurdles and
require careful coordination among ecologists, engineers, designers,
water managers, and project proponents. Project permitting can also
present significant hurdles, particularly when working under the short
multiyear timeframe of MLRP block grants. Innovative projects could
require considerable outreach and planning, meaning that projects that
are shovel-ready are more likely to be implemented with MLRP funds.
Shovel-ready projects are likely to come from growers that already have
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FIGURE 4
Key implementation activities and resulting polycentric networks. Regional activities include joint projects to (a) assess community needs, (b)
understand grower needs, (c) plan strategic restoration, (d) develop regional priorities, and (e) implement projects. (f) A regional polycentric
governance network resulting from the combination of activities and relationships. Note that the engagement activities often occur in parallel for
different groups (a—c). Each node (or shape) represents an individual, organization, or community. The dashed and solid lines represent relationships
characterized by communication and formal agreements, respectively, across actors. The shaded background colors indicate joint projects that
advance multibenefit land repurposing goals and reinforce collaboration across groups of actors. This visual style for representing polycentric networks
follows Galaz et al. (2012).

resources to conceptualize and plan projects, meaning small growers
without such resources may face greater obstacles to participation
in MLRP.

For projects in which land remains private, landowners may have
preferences for certain project types and designs, thereby limiting the
space of feasible projects. Maintenance and monitoring represent
additional challenges, especially for project types and benefits that
represent a divergence from business-as-usual approaches. For
instance, monitoring for community groundwater benefits represents
a challenge when changes in groundwater levels and groundwater
quality are attributable to many factors, not just nearby MLRP
projects. In subsequent sections, we note additional opportunities and
challenges associated with regional coordination, decision making,
land enrollment, and project costs.

4.2 Enabling effective polycentric
governance

Multibenefit land repurposing can be structured to achieve more
collaborative and equitable decision making (addressing the governance
challenge in Section 2.2) through coordinated, inclusive planning. MLRP
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is designed to catalyze this shift by building decision-making networks
around collaborative activities that ensure participation from diverse
constituencies (Figure 4). Each MLRP block grantee has considerable
discretion in how to approach these joint activities. As such, the manner
in which these activities are pursued can differ across block grantees and
many of the activities may occur in parallel (Self-Help Enterprises,
Environmental Defense Fund, and Environmental Incentives, 2024). As
part of this inclusive decision making process, different actors often play
different roles, as described below.

Regional land repurposing initiatives within each subbasin are
often coordinated by a lead organization, such as the lead applicant on
block grant proposals or a consulting firm, that has coordination
capacity and technical knowledge but not necessarily the ability to
execute all aspects of the program required by DOC. The lead
organization therefore builds a constellation of partners and advisors
to execute regional land repurposing programs through joint activities.
The following examples, represented visually in Figure 4, are
representative of how various block grantees have approached this
task within the San Joaquin Valley.

In order to provide benefits to various constituencies, block
grantees must understand and incorporate their needs and priorities
into the land repurposing process. To guide this process, multiple
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subbasins in MLRP have established advisory committees comprised
of representatives of interested parties such as agriculture, small
growers, indigenous peoples, local communities, local government,
and environmental interests. To bring communities into the fold
(Figure 4a), the lead organization may contract with a community-
focused organization with expertise and experience engaging with
communities. The latter organization then engages with local
communities through activities such as outreach to local leaders,
community events, and focus group discussions. As noted above
(Section 3.2), each MLRP block grantee must implement projects that
collectively create meaningful benefits for communities, including
benefits that address an expressed need of the community. This
requirement creates a process in which block grantees must identify
landowners in the vicinity of communities, with the potential to
provide benefits to communities, and the opportunity for
communities to influence projects to meet their needs. Continued
engagement with communities beyond the project planning process
is also important to ensure benefits are delivered and
adequately monitored.

Growers, and in particular landowners, have the authority to
make decisions over their own land management, including voluntary
enrollment in MLRP. Grower engagement is therefore critical, both to
identify growers that may be amenable to enrolling their land and to
design projects and incentives that align with their needs (Figure 4b).
Financial incentives for land enrolled can play an important role in
motivating growers to participate in MLRP, not just in terms of
enrolling land but also engaging in the inclusive planning and project
development process. Because land repurposing represents a new and
unfamiliar approach for most growers, early engagement with this
group is important to understand landowner decision making and
give them the confidence and desire to enroll and participate in
MLRP. This is especially true for cases in which the land enrolled
remains in private ownership. Every subbasin within MLRP works
with a combination of agricultural organizations, conservation
districts, and agricultural representatives to cultivate grower interest
and design projects (Self-Help Enterprises, Environmental Defense
Fund, and Environmental Incentives, 2024).

Through a similarly cooperative approach, some block grantees
have pursued strategic planning for habitat restoration by initiating
collaborations with environmental organizations, research partners,
and land trusts (Figure 4c). In order to design feasible projects that
create multiple benefits and are aligned with various constituencies,
ongoing engagement with growers, communities, and environmental
organizations must occur in parallel (Figures 4a—c).

The potential for different types of land repurposing projects to create
different types of benefits leads to tradeoffs in terms of how different
projects benefit different constituencies. Within MLRP, the guidelines
require that each block grantee mitigate conflicting priorities by
developing a multibenefit agricultural land repurposing plan that
describes a strategic roadmap to equitably addresses the needs of diverse
constituencies (DOC, 2025b). Block grantees have approached this task
by relying on the network of advisors and partners established through
the engagement process (Figure 4d). Some subbasins have sought to build
consensus across diverse constituents by creating project selection criteria
and scoring rubrics through a collaborative process, including review and
input from their advisory committee (Madera County, 2024). Block
grantees then submit project proposals to DOC for review. Once projects
are approved by DOC, additional partners can be brought in, as needed,
to coordinate and execute project implementation (Figure 4e).
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The activities described above have brought together organizations
with historically siloed interests to work collectively on landscape
transformation (Self-Help Enterprises, Environmental Defense Fund,
and Environmental Incentives, 2025). The combination of joint
activities has the potential to create a highly collaborative governance
network capable of understanding needs and challenges across a
diverse range of constituencies and scales (Figure 4f). When
conducted in an open and forthright manner, this process can
contribute to familiarity, trust, and reciprocity, and reduce the
potential for conflict to obstruct potential solutions (Lubell, 2007).

Various challenges may arise in the implementation and
integration of these activities within each subbasin. Difficulties in
reconciling objectives across organizations, for instance, may hamper
the process of building trust or the ability to accommodate community
needs in project planning. Following a recently-developed best
land
(Fernandez-Bou et al,, 2025) can alleviate these concerns but

practices framework for multibenefit repurposing
nevertheless requires that multiple parties accept the premise of
inclusive planning and shared benefits. Within MLRP, the engagement
must occur within the timebound requirements of program funding,
creating challenges in moving projects from conceptualization to
implementation in just a few years.

Determining and communicating realistic expectations can also
be challenging. For instance, extensive community engagement
around project ideas that never materialize can undermine trust and
the likelihood of future participation. Additionally, small and
disadvantaged growers may be more vulnerable to potential financial
risks of enrolling land in MLRP. Thoughtful and transparent
communication is therefore important when communicating with and
enrolling this group of growers in the program. Throughout this
process, DOC and the SSE play an important role to support regional
block grantees in following best practices for land repurposing. In
some cases, DOC may need to step in as an oversight body to ensure
program guidelines are followed. The extent to which these activities
promote trust and collaboration will shape not only MLRP projects

but also the perceived success of MLRP within each subbasin.

4.3 Systemic change in water and land
management

The paradigm of multibenefit land repurposing can also motivate
a shift in the underlying conditions that shape behavior and actions
throughout the water and land system (addressing the structural
challenge in Section 2.3). We focus on three structural dimensions in
which multibenefit land repurposing, including MLRP itself, has the
potential to serve as a vehicle to promote this shift (see Figure 2-ii,
enabling conditions). These dimensions include (i) a shift toward
collaborative mindsets, (ii) increased financial resources to enable
greater capacity and system flexibility, and (iii) a greater openness to
experimentation with novel land practices. We argue that each of these
changes can be catalyzed through a paradigm shift that occurs through
a learning process as actors deliberate challenges and solutions
associated with water and land management in the context of
opportunities provided by land repurposing (Pahl-Wostl, 2009).
We define learning as an iterative process in which actors evaluate
decisions, assumptions, and beliefs in the context of new information
or deeper reflection (Tosey et al., 2012). Lower levels represent more
common modes of learning and result in changes in actions to
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improve outcomes under an existing paradigm or goal. A paradigm
shift may occur as actors engage in higher levels of learning, which
involves reflecting on the assumptions or context in which decisions
are made at lower levels (Flood and Romm, 1996). The process of
higher-level learning has been theorized to enhance resilience of
social-ecological systems (Figure 5a) (Cundill et al., 2015). The
examples below, from the San Joaquin Valley, help illustrate how
multibenefit land repurposing has the potential to contribute to
higher-level learning and contribute to a paradigm shift across each
of the three structural dimensions noted above.

The concept of multibenefit land repurposing began to emerge in
California alongside evidence that extensive agricultural areas may
be left idle in response to water conservation requirements of SGMA
(Hanak et al, 2019). In particular, some environmentally focused
nonprofits viewed the possibility of idle land as an opportunity to
support specific goals such as habitat restoration (Butterfield et al., 20205
EDE 2021) (Figure 5b, loop 1). Habitat restoration as a sole objective,
however, lacked broad support among other constituencies in the Valley,
underlining the need to identify approaches and design outcomes for the
agricultural transition in a way that creates benefits not only for the
environment but also for vulnerable communities, Tribes, and growers
(EDE 2021) (Figure 5b, loop 2). A legislative proposal to create a
dedicated state funding program to address and repurpose land idled
under SGMA built momentum and buy-in, partly due to a broad list of
eligible projects types including those that directly benefit communities,
growers, and the environment (EDFE, 2021; Gardiner, 2021). Once the

10.3389/frwa.2025.1620626

program was established and funded via legislation and the concept of
multibenefit land repurposing was institutionalized (DOC, 2025a),
coalitions of organizations representing diverse constituencies
recognized the need for greater collaboration in order to secure MLRP
block grants from DOC (Self-Help Enterprises, Environmental Defense
Fund, and Environmental Incentives, 2024). The requirements of the
program, application scoring criteria (DOC, 2025b), and a competitive
application pool further selected for applications that build on or
establish collaborative, equitable governance networks to execute MLRP
activities (see Section 4.2) and fulfill the objectives of the program (see
Section 3.2) (Figure 5b, loop 3). Beyond the application process, MLRP
has motivated collaboration in a variety of ways. MLRP guidelines
require that each subbasin prepare multibenefit agricultural land
repurposing plans that are “developed in coordination with the
applicable groundwater sustainability agency, farmers and ranchers,
local/state/federal agencies, local disadvantaged communities, tribes,
non-governmental organizations, and environmental justice
organizations” (DOC, 2025b). The guidelines also require that these
plans “identify a clear process for engaging disadvantaged communities
in project development and implementation” (DOC, 2025b). Some block
grantees and individual projects have further initiated community
science to measure project benefits, including installing and donating air
quality monitors near land repurposed sites and tracking nitrate presence
in tap water near aquifer recharge projects. Such activities within MLRP
(Section 4.2) have the potential to reinforce broader collaboration in

water and land management, including SGMA implementation,
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FIGURE 5

The paradigm shift that multibenefit land repurposing seeks to enable. This may occur through (a) learning processes that involve reflection on
business-as-usual approaches and lead to new perspectives more conducive to resilient landscapes. Examples (i.e., hypotheses) of these learning
processes for (b) collective decision-making in land repurposing programs, (c) government oversight of unsustainable behavior, and (d) grower
decisions about how best to manage land. Each loop represents a learning process. Higher-level loops reflect on the assumptions of lower-level loops.
Business-as-usual conditions (red) favor the status quo and therefore tend to focus on lower levels of learning. Multibenefit land repurposing can
catalyze (blue) higher levels of learning and contribute to the conditions necessary for resilient landscapes (purple). See text for details.
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especially if shared goals and increased familiarity contribute to
improved trust and enduring relationships (Lubell, 2007).

Even with the above shift toward greater collaboration,
multibenefit land repurposing requires funding to support the
transaction costs of collaboration, planning and implementation
efforts, and incentive payments. Public funding may be the most likely
vehicle through which to generate these financial resources but
conventional government paradigms are not always aligned with the
needs of multibenefit land repurposing. For instance, state agencies
have tended to shape behavior through penalties, incentives, and
pre-defined goals (Figure 5¢, loop 1). SGMA motivates behavior
change by penalizing regions that fail to bring their groundwater
subbasins into sustainability (Leahy, 2015), providing funding for
SGMA implementation projects (Senate Bill 170, Section 80, 2021),
and establishing land fallowing programs that conserve water (DOC,
2025b). With that said, top-down enforcement faced resistance among
water and agricultural organizations across California when
groundwater regulations were proposed (Leahy, 2015). As SGMA
statutes were being designed, numerous organizations, agencies, and
interests made clear that local regions have local needs when it comes
to water and land management, motivating the state legislature to
design SGMA in a way that allowed for local discretion and control in
meeting general SGMA requirements (Leahy, 2015) (Figure 5c,
loop 2). Multibenefit programs require considerable flexibility, yet
public implementation funds have generally supported single-purpose
projects rather than mulibenefit projects (Grimm et al., 2025). MLRP
was funded after a group of environmental non-profits, community-
based organizations, and agricultural groups developed an example
program concept and encouraged the state legislature to adopt and
fund a program to incentivize and support local organizations and
agencies to co-create and test new ideas for multibenefit projects (EDFE,
2021). When the state took this critical step, of funding and codifying
MLRP, it acknowledged the need to foster and fund innovation to
support multbenefit projects (Figure 5¢, loop 3).

Project implementation in MLRP requires finding growers willing
to enroll land in the program, ideally where multibenefit outcomes can
be maximized (e.g., near disadvantaged communities or critical habitat).
This represents a critical challenge for MLRP, which is designed to create
social and ecological benefits but not necessarily enhance revenue.
Enrollment in MLRP can pose a financial risk in terms of program
longevity, upfront costs and opportunity costs, and returns on
investment (e.g., from low water use crops), especially for smaller
growers. Growers are continually evaluating the risks of various
approaches to farm management, and are generally more accustomed to
the familiar approach of maximizing crop yield to sustain revenues
(Figure 5d, loop 1). For some growers, however, a perceived increased
risk to farming (such as a reduction in water access) may motivate them
to adapt their farming practices, such as through planting different crops
or other water saving approaches (Figure 5d, loop 2). Conservation
behavior among growers depends on a variety of factors including
economic considerations, on- and off-farm benefits, community values,
and trust in government agencies (Ranjan et al., 2019). While the most
critical factors are often specific to the location or farm, research has
demonstrated that alignment with pre-existing grower motivations (e.g.,
the perceived social value of land stewardship) is more likely to lead to
conservation behavior (Prokopy et al., 2019). Block grantees therefore
face the task of engaging with growers to help them understand the
climate and regulatory context of their land management decisions and
providing sufficient technical support and incentives to open the
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possibility for land repurposing to serve as a viable alternative. If the
increased risks of drought (e.g., due to climate change) or regulatory
compliance (e.g., due to SGMA) are accompanied by new opportunities
and incentives (as may be provided through land repurposing), growers
may begin to evaluate approaches that would have been previously
unacceptable provided these approaches align with their interests and
community values (Figure 5d, loop 3). In other words, consideration of
these risks and opportunities may create a greater openness to
experimentation and willingness to embrace new forms of adaptation as
useful strategies for protecting their livelihoods while preserving their
individual and community values. This perspective might also allow
them to consider land repurposing as a viable option, particularly if
incentive payments are properly designed such that the economic value
of land repurposing is commensurate with the opportunity costs of other
land management strategies. MLRP has proven successful in bringing
some growers into the program, with ten projects having been approved
by the Department of Conservation in 2024 (Self-Help Enterprises,
Environmental Defense Fund, and Environmental Incentives, 2025). As
some growers begin to enroll in land repurposing programs, social
barriers to land repurposing may dissipate such that participation can
expand beyond the realm of innovators and strategic early adopters into
the realm of behavioral norm (Dearing, 2009; Rogers, 2003).

While these paradigm shifts may be accelerated by MLRP, such a
progression should not be taken for granted. Systems change will
require consistent, persistent, and inclusive efforts. Inequitable
planning and exclusion of certain viewpoints could disrupt
momentum, lead to the dissolution of coalitions, and a reversion to
entrenched, siloed interests. A similar regression could occur if
program outcomes do not lead to balanced, measurable, and
perceivable benefits among interested parties. The long-term success
of multibenefit land repurposing will also depend on adequate and
reliable support from public or private funders, which will
be contingent on the perceived return on investment. If program costs
are too high or the benefits too low, the long-term viability of
multibenefit land repurposing may be tenuous, especially if the harm
associated with alternative pathways are tolerable or insufficiently
understood. Finally, the ability to scale multibenefit land repurposing
to larger areas will depend on demonstratively successful examples, so
that growers gain trust and confidence in land repurposing strategies
and embrace the program in larger numbers.

Structural factors outside MLRP are also likely to play a role in
these dynamics. For instance, some GSAs in the San Joaquin Valley
have designed allocation systems that incorporate a groundwater
budget to align with SGMA requirements and apportion groundwater
rights to landowners accordingly (Babbitt et al., 2018). Pumping
restrictions required by allocation systems may shift grower
perceptions and generate openness to programs such as MLRP.

4.4 MLRP implementation in the Madera
subbasin

In order to provide greater insights into how MLRP may function
at the local level, we use this section to provide an overview of the
Madera subbasin MLRP block grant, while noting that the specific
governance structure, organizational roles, and project development
and selection process look different in each MLRP subbasin.

Madera County sits on the eastern side of the San Joaquin valley
and most of the county coincides with the Madera groundwater
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subbasin. Agriculture in the county generates nearly $2 billion per
year in gross value (Madera County Department of Agriculture,
2024). In order to stabilize groundwater levels under SGMA, Madera
County has created a groundwater allocation system that will require
considerable reductions in groundwater pumping for many farms that
lack surface water rights, in turn curtailing agricultural production
(Madera County, 2021). Reduced agricultural revenue will affect not
only growers but farm laboring communities and associated food
production and distribution industries. Madera County applied for
and secured MLRP funding as one of the eight MLRP block grants
awarded by DOC (Self-Help Enterprises, Environmental Defense
Fund, and Environmental Incentives, 2024). We refer to the local
multibenefit land repurposing program in Madera County as the
Madera MLRP. Madera MLRP seeks to translate the statewide
program into opportunities and benefits for local landowners and
communities in the Madera subbasin (Madera County Water, 2025).

Collaboration within Madera MLRP is similar but not identical to the
framework outlined above (Section 4.2). The block grantee team includes
Madera County as the lead applicant along with a Partner Group
comprising organizations predominantly associated with agriculture
(Table 2, left column). Madera County hired Zanjero, a water resources
management consulting firm, to coordinate implementation of Madera
MLRP, who in turn hired two sub-consultants to provide additional
support (Table 2, center column). The Madera MLRP administrative
team, led by Madera County and supported by Zanjero, jointly
coordinated land repurposing activities. As noted previously, DOC
requires that each block grantee develop a multibenefit agricultural land
repurposing plan (or MALRP, an acronym we use in this section). Madera
MLRP used the process of developing the MALRP as a fulcrum around
which to conduct engagement, develop priorities, and solicit projects. As
of July 2025, Madera MLRP has produced an administrative draft
MALRP (see Madera County Water, 2024).

The Madera administrative team developed the Madera MALRP
with input from the Partner Group and a variety of interested parties
within the subbasin, including organizations representing community
and environmental interests (Table 2, right column). Madera MLRP
engaged local constituencies by distributing information via flyers and
email broadcasts, attending community events and grower resources
fairs, and holding workshops. In total, Madera MLRP organized or
participated in 39 public outreach activities and events (Self-Help
Enterprises, Environmental Defense Fund, and Environmental
Incentives, 2025). The administrative team coordinated engagement
activities and Linguistica translated program materials into Spanish
and provided live translations to enable bilingual participation at
workshops. Various organizations conducted outreach to growers,

TABLE 2 Madera MLRP partners [adapted from Madera County, 2024].

Madera MLRP Partner Group Consulting team

o Madera County o Zanjero
o Madera/Chowchilla Resource Conservation District « ERA Economics
« Madera County Farm Bureau

o Madera Ag Water Association (MAWA)

« Davids Engineering

California Farmland Trust

« Linguistica Interpreting and Translation
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including the Madera Ag Water Association (MAWA), Madera
County Farm Bureau, the Madera/Chowchilla Resource Conservation
District (RCD), and the Punjabi Agricultural Growers Group (PAGG).
Outreach was conducted both in the development of the MALRP and
after the administrative draft was released. In addition to public
events, the administrative team directly engaged with key stakeholder
entities representing environmental interests, such as River Partners
and Sustainable Conservation, and entities representing community
needs, such as Self-Help Enterprises, Leadership Council for Justice
and Accountability, Fairmead Community and Friends, and the
Madera Coalition for Community Justice (MCC]J). Lessons from the
engagement process were collected by the administrative team and
incorporated into the MALRP, ensuring the process of defining
priorities reflected diverse perspectives within the subbasin. The
resulting document defines objectives, strategies, and guidance for
MLRP implementation in Madera County (Madera County, 2024).
The Madera MALRP describes the process through which projects
were proposed and selected (Madera County, 2024). Eligible projects
included a variety of land use types that have potential to accommodate
multiple benefits (Table 3, left column), similar to those described
above (Section 4.1). Project proposals followed a multi-step
application process, including (i) submission of pre-applications to
determine eligibility and identify primary project type, (ii) completion
of project proposals, with optional support provided by a technical
assistance team organized by Madera MLRP, and (iii) competitive
review of project proposals following scoring criteria defined in the
MALRP (Table 3, middle column). The project scoring process
assigned higher scores for aligning with Madera MLRP objectives and
demonstrating feasibility. The objectives included reducing water use
and providing various environmental benefits or social benefits,
including benefits for disadvantaged communities (Table 3). The
feasibility component included providing a reasonable budget and
robust monitoring plan. Detailed scoring criteria for each category is
further described in the draft MALRP (Madera County Water, 2024).
Madera MLRP received 72 pre-applications and 28 complete
project proposals (Madera County, 2025b). In June 2025, based on the
outcomes of project scoring, Madera MLRP published summaries of
six projects as part of a public comment period, after which proposals
will be finalized and submitted to DOC to allow state-level oversight
and review (Madera County, 2025b). The six projects include (a)
multibenefit stormwater management, (b) tribal / cultural space, (c)
combined recharge and flood management, (d) low-water use agave
crop, (e) buffer area adjacent to a disadvantaged community, and (f)
groundwater recharge with native habitat restoration (Madera County,
2025b). The range of selected projects in Madera reinforces the need

Organizations engaged in MALRP process

« Leadership Council for Justice and Accountability

o Self-Help Enterprises

« Fairmead Community and Friends

« River Partners

« Union of Concerned Scientists

« Madera Coalition for Community Justice (MCCJ)

« Sustainable Conservation

« University of California Cooperative Extension (UCCE) Madera County
« Punjabi American Growers Group (PAGG)
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TABLE 3 Eligible projects and scoring documented in the administrative draft MALRP.

Eligible project types Project scoring

« Community recreational area or cultural space Key goals and outcomes

Other co-benefits

« Air-quality improvement

o Dryland farming o Achieve net water savings (2 pts) « Employment opportunities
« Floodplain habitat « Support community and domestic wells (4) o Tribal or cultural benefit

o Less water-intensive crop « Buffer water way areas (4) « Soil quality enhancement

« Rangeland « Support disadvantaged communities (4) « Water quality enhancement
« Pollinator habitat « Provide other co-benefits (right column of this table) (4) « Renewable energy

« Recharge basin or facilities

« Rotational strip cropping « Overall plan (4 pts)
« Solar energy production, storage, transmission « Budget (8)
« Wildlife habitat « Schedule (4)

« Monitoring plan (4)

for MLRP to equitably assess and navigate tradeoffs, given that some
projects may provide greater water savings while other projects
provide more environmental or community benefits.

In addition to projects that were identified through the application
and scoring process, one pilot project has already been approved by
DOC and initiated by Madera MLRP. The project repurposes five acres
of an almond and walnut orchard to pollinator habitat adjacent to La
Vifia, a small community in Madera County dependent entirely on
groundwater for water supply and designated as a disadvantaged
community by the state (Self-Help Enterprises, Environmental
Defense Fund, and Environmental Incentives, 2025). The project
creates a 100 ft. buffer between the community and the orchard, with
the goal of saving water and reducing pesticide spray in the vicinity of
the community, thereby improving soil and air quality for community
residents (Self-Help Enterprises, Environmental Defense Fund, and
Environmental Incentives, 2025). Outcomes will be assessed according
to the monitoring plan, which includes a baseline assessment of the
habitat installation and biannual visits to assess site conditions, check
for maintenance needs, build a photo log of the project, and ensure
pollinator habitat is being maintained (Madera County, 2025a).

Madera MLRP has also worked toward long-term systems change
in multiple ways analogous to the themes identified above (Section
4.3). For instance, greater collaboration has occurred through the
development of the MALRP, the project design process, and project
implementation. Another central goal of Madera MLRP is to “increase
grower interest and participation in MLRP and land repurposing
strategies and programs” through education and outreach activities
(Madera County, 2024). Madera MLRP seeks to cultivate interest by
providing resources and technical assistance to growers and will
promote success stories once projects are implemented. Madera
MLRP has also sought to ensure long-term regional capacity for land
repurposing in the subbasin and intends to seek a $1 million
implementation grant that would extend beyond the time period of
MLRP and allow for ongoing capacity to implement and coordinate
land repurposing in the county (Madera County, 2024). Such systemic
changes have potential to continue to shape water and land
management in Madera County moving forward.

Progress toward these goals in Madera has faced challenges similar to
those mentioned above (Sections 4.1-4.3). Achieving meaningful impact
at the scale necessary to meet the need and demand for multibenefit land
repurposing projects could require funding and timeframes that extend
far beyond the current MLRP grant program. The complexity of
multibenefit projects, which must navigate dynamic agricultural
economics, environmental regulations, community engagement, and
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Proposal quality and feasibility

« Habitat creation
« Recreation or community space

« Flood risk mitigation

long-term maintenance, demands extended planning and implementation
periods that often exceed typical funding cycles. Long-term funding will
also be critical to maintain and expand grower interest and participation
in land repurposing more broadly. The current version of MLRP therefore
represents an important step toward a more resilient future, but will not
independently resolve water and land challenges in Madera County.

5 Discussion

5.1 Tailoring policy and regulations for land
repurposing

Multiple policy considerations are important for shaping the
institutional environment in which multibenefit land repurposing
occurs. MLRP, for instance, exists within the broader land and water
management apparatus of California, and therefore depends on
additional financial, regulatory, and administrative considerations. In
this section we focus on aspects of the broader governing and
regulatory environment in which multibenefit land repurposing
programs operate. While these lessons draw largely from the
California context, they are relevant when considering the potential
applicability of multibenefit land repurposing to other geographies.

Long-term funding is important to build and sustain the technical
capacity required to strategically design and implement projects.
Stable funding creates certainty among interested actors, helps foster
collaboration and partnerships, and mitigates the risk of actors who
decide to invest in and align their efforts with land repurposing
programs. The costs associated with MLRP projects are significant and
many projects have sought matching or supplementary funds from
federal grants and local levies, such as through pumping fees. Despite
the significant investment of $300 million from the state, the challenge
of sustainable long-term funding remains open in California. Some
projects, such as agrivoltaic projects or low-water use crops, may
be economically viable in that they generate revenue to cover long-
term costs. Other projects, such as habitat restoration or recreational
space, may provide social, economic, or environmental benefits
(Fernandez-Bou et al., 2025) that are difficult to monetize. In such
instances, alternative funding models could include biodiversity
credits (EDF 2020b; Wunder et al., 2025) or financial contributions
from beneficiaries of more reliable water supplies or other avoided
costs (e.g., infrastructure damage from subsidence, drying wells that
require mitigation, pest and weed abatement, air quality impacts). But
whenever these funds cannot cover the costs of implementation,
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public and private investment will be needed. The inclination of public
or private investors to pursue this avenue, and at what scale, will
depend on the costs, benefits, and perceived value of land repurposing
relative to alternatives.

From a state regulatory perspective, cross-agency coordination
can help overcome fragmentation in governance and align future
policies, funding, and technical support across agencies (Pecharroman
et al.,, 2021). This approach can drive more effective progress toward
sustainability and climate adaptation goals. Within MLRP, the
Department of Conservation coordinates with other state agencies
(e.g., the Department of Water Resources, the California Department
of Fish and Wildlife) to minimize staffing redundancies, foster
synergies, and encourage multibenefit outcomes. These collaborations
have led to revisions in MLRP guidelines that clarify how projects
account for water savings. By working together in this way, agencies
can cultivate a unified strategy that accelerates progress and maximizes
the potential benefits of land repurposing.

State and federal permitting also plays an important role in land
repurposing, serving as either an enabler or a barrier depending on its
design and implementation. When streamlined, flexible and transparent
permitting processes has the potential to facilitate clearer pathways for
implementers for efficient environmental assessments and accelerating
project timeline. In some cases, projects that demonstrate net positive
ecosystem benefits may qualify for exemptions that provide legal
assurances that projects and growers will not be subject to future
regulatory penalties if they fail specific environmental criteria. At the same
time, local systems of land and water tenure (e.g., property taxes, and
zoning rules), that have been in place for many years may serve as barriers
to some of the proposed land repurposing actions. Rigid permitting
requirements can create significant obstacles, leading to long timelines
and increased costs, thus discouraging innovative, multibenefit land
repurposing solutions. California has sought to reduce permitting
burdens by streamlining the process for projects that provide
environmental benefits, such as the Cutting the Green Tape initiative
(CDFW, 2024), though much work remains to be done in this space.
Programmatic permits are sometimes possible through federal and state
agencies if projects features can be sufficiently defined in advance. But
striking the right balance in permitting policies remains an important
challenge to foster land repurposing initiatives while protecting
environmental resources.

In addition to cross-agency coordination, cross-jurisdictional
coordination can facilitate integrating multibenefit land repurposing into
planning, programs and funding across local, regional, and state levels. In
the San Joaquin Valley, such efforts have included aligning multibenefit
land repurposing efforts with the economic initiatives, such as California
Sierra San Joaquin Jobs (S2J2) (CVC, 2025), which consolidates city and
county regional economic development strategies, climate action, and
adaptation planning across the Valley. These initiatives are particularly
important in the context of SGMA regulations, which will lead to major
economic disruptions through reduced agricultural production and
associated loss of revenue and jobs (Escriva-Bou et al., 2023). This land
transition will adversely impact local economies, particularly vulnerable
rural communities reliant on this sector. Mitigating the economic
disruptions of SGMA requires proactive strategies, including workforce
development, job creation and training programs.

Finally, having an oversight or administrative agency with the
capacity and willingness to adapt its programs to emerging challenges
is essential for effective implementation. Within MLRP, DOC meets
individually with each subbasin every month and joins monthly
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meetings for all participating organizations to maintain open channels
of communications. DOC has also adapted revisions to MLRP
guidelines in response to feedback from organizations across MLRP
subbasins. A flexible and responsive agency can streamline processes,
ensure that funding reaches the right initiatives, and overcome
obstacles related to shifting priorities, ultimately enhancing the
effectiveness of these programs.

5.2 Concluding remarks

In many water-scarce regions of the world, irrigated agricultural
land will have to come out of production to slow or reverse the
degradation of environmental and water resources. The social and
economic ramifications of reducing agricultural production has the
potential to reshape the fabric of the landscapes with potentially
dramatic consequences for growers and rural households due to lost
revenue and jobs. Land use and land cover will also be transformed by
reducing the footprint of irrigated agriculture. If the landscape
transition follows business-as-usual conservation approaches, ad hoc
approaches that leave cropland idle may contribute to social and
environmental problems.

Multibenefit land repurposing presents an opportunity to manage
the transition toward water sustainability strategically and equitably
while enhancing water security and landscape resilience. It does so by
targeting a resource challenge having to do with inadequate land and
water, a governance challenge related to lack of coordination and
inequitable decision making, and a structural challenge associated
with lack of resources and innovation alongside entrenched beliefs
and norms. Strategically identifying and selecting projects that
alleviate groundwater depletion and pollution can enhance water
security for communities, while also improving air quality by reducing
the potential for pesticides to drift into homes and recreational spaces.
Extending habitat areas can reduce threats to endangered species and
improve ecosystem resilience. Enhancing collaboration and
developing a shared vision for land repurposing can reduce barriers
to cooperation and increase adaptive capacity. Additionally, shifting
existing paradigms to allow for experimentation can create more
flexibility in planning and enhance general resilience of the landscape
to adapt to stressors and disturbances.

Although MLRP in California is in its early stages, it has already
catalyzed progress in these areas by translating significant state
investments into action on the ground. At the time of writing, these
investments have stimulated active regional multibenefit land
repurposing efforts in eight subbasins that have brought together over
100 organizations working together on this challenge.

The extent to which multibenefit land repurposing programs can
catalyze a shift toward to resilient landscapes will depend on the many
factors related to regulation, economics, and culture. Many components
of multibenefit land repurposing can be expensive, including transactions
costs of collaboration, planning costs associated with project design, and
implementation costs such as moving earth and native seeds for habitat
restoration. Additionally, the cost of incentive payments to motivate
growers to repurpose their land may be high in areas with productive
agriculture. These conditions will be heavily influenced by regulatory and
market forces that shape the agricultural landscape. Permitting can also
pose considerable challenges and translate to substantial costs before
projects break ground. Whether public or private investors are willing to
foot the bill, and at what scale, will depend on the costs and benefits of
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such programs. In the San Joaquin Valley, for instance, the confluence of
pumping limitations, declining agricultural land values, and local and
state investments in groundwater conservation help create the enabling
conditions to allow for grower interest and voluntary participation in land
repurposing projects. Finally, funding for long-term monitoring and
research, beyond program timelines, will be important to enable
retrospective analyses to understand program outcomes.

Another critical challenge has to do with the ability of land
repurposing programs to meaningfully engage diverse constituencies
in a way that enables representation, influence over decisions, and
equitable outcomes. Aligning goals across diverse participants,
organizations, and cultures can be a slow and daunting process
requiring effective leadership and an openness to participate among
individuals from diverse constituencies. This point is particularly
relevant given the timebound nature of funding through
MLRP. Additionally, community members may be taking risks in
participation by donating their time when the benefits of projects for
their community may be unclear or uncertain. Growers may be taking
considerable financial risks by enrolling their land in a new and
untested program. Overcoming these hurdles requires establishing
trust through transparent communication, integrity, and recurring
engagement. Building this trust also depends on demonstrating
tangible success through storytelling and communications that make
project benefits visible and relatable to potential participants, helping
to reduce perceived risks and encourage broader adoption.

MLRP provides an example of how individual programs can take
steps in the right direction in terms of strengthening collaborative
partnerships and identifying multibenefit projects. As a pilot program,
MLRP has potential to demonstrate the effectiveness of this approach
and inform future investments about the best way to manage water
and land in regions with diminishing water resources. At the same
time, further research will be needed to help assess and advance
progress toward these goals, including how to design multibenefit land
repurposing programs to ensure equitable processes and outcomes.
Interdisciplinary assessments will be essential to understand the
complex dynamics that shape water and land decisions and associated
outcomes. Future research should additionally consider the need and
applicability of land repurposing to geographies outside of California.
Such research could include the potential for land repurposing to
mitigate concerns associated with excess water and flooding in
addition to water scarcity. Solutions that push us toward resilient water
and land management are urgently needed. As an approach to this
challenge, multibenefit land repurposing offers potential and merits
further
management communities.
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