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Abstract

Integrative Ethical Water Governance (IEWG) offers a structured pathway to enhance the
resilience and sustainability of food systems under intensifying water scarcity, climate
change, and rising demand. This article develops and applies a scoring-based comparative
framework to evaluate how four governance contexts—Ttirkiye’s Southeastern Anatolia
Project (GAP), China’s Yangtze River Basin management, India’s watershed development
programs, and California’s groundwater sustainability initiatives—perform across dual
IEWG dimensions: ethical principles (rights-based approaches, justice, intergenerational
equity, ecological integrity) and governance frameworks (stakeholder participation, envi-
ronmental focus, equity approach, institutional integration, economic mechanisms). The
analysis assigns explicit scores to each dimension, revealing distinct patterns of ethical inte-
gration, strengths and gaps in governance design, and context-specific trade-offs between
agricultural production and ecosystem protection. Results show that higher aggregate
IEWG scores are associated with more robust participatory structures, clearer allocation
of responsibilities across scales, and better alignment of economic instruments with stew-
ardship objectives. The study’s scoring-based comparative method provides a transparent,
replicable tool for diagnosing governance performance and identifying priority areas for
institutional innovation, offering a novel evaluative lens for future research and policy on
ethical water—food governance.

Keywords: ethical stewardship; agricultural sustainability; water—food nexus; participatory
management; institutional innovation

1. Introduction

Water scarcity, climate change, and depletion of natural resources—magnified by
population growth—threaten global food systems. Resource scarcity conflicts disrupt
agricultural productivity, ecological balance, and social welfare. Intensifying climate
variability and demographic pressures place unprecedented strain on water resources and
food production systems [1].

Ethical water governance matters critically in food systems due to the fundamental
interdependence between water and food production. Water serves as a critical input for
agriculture while food systems simultaneously affect water quality and availability. This
nexus creates complex ethical dimensions involving competing interests, access inequities,
ecosystem impacts, and intergenerational concerns that require robust frameworks for
water allocation decisions. An integrative approach combining rights-based frameworks,
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justice principles, long-term sustainability, and ecological integrity can create more resilient
food and water systems.

Conventional water management models cannot assure food system sustainability
because they overlook complex, interdependent pressures. Developing new frameworks
that treat water as both a resource and a pillar of ethical stewardship is essential for food,
agriculture, and broader society.

The primary objective of this paper is to establish that Integrative Ethical Water
Governance (IEWG) is essential for sustainable food system resilience. It investigates
the transition from conventional scarcity-based water management toward IEWG mod-
els, where ethical principles and stewardship-based frameworks guide the design and
governance of food systems.

The study examines how four diverse water governance cases approach the dual
pillars of IEWG: ethical principles and governance frameworks. These pillars are explored
through the Ttirkiye Southeastern Anatolia Project (GAP), Chinese Yangtze River manage-
ment, Indian community watershed programs, and California’s Sustainable Groundwater
Management Act (SGMA). These cases represent distinct geographical, institutional, and
socio-economic contexts, yet each demonstrates varying degrees of integration across
the four ethical principles that underpin IEWG: Rights-Based Integration, Justice Inte-
gration, Intergenerational Equity, and Ecological Integrity. Through this comparative
analysis, the research evaluates how these diverse governance systems operationalize five
key governance frameworks (Stakeholder Participation, Environmental Focus, Equity Ap-
proach, Institutional Integration, and Economic Mechanisms) to translate ethical principles
into practice.

This comparative approach illuminates not only the universal applicability of the dual
pillar structure of IEWG but also the contextual adaptations required across varying scales
of water governance, from large river basin management to local watershed interventions,
as these systems attempt to balance agricultural water demands with conservation impera-
tives while embedding ethical stewardship into their governance structures. Understanding
how these cases apply, or fail to apply, the dual pillars of IEWG provides essential insights
for designing the food systems of tomorrow.

1.1. Integrative Ethical Water Governance (IEWG)

Integrative Ethical Water Governance embeds ethical principles into water resource
management. It is crucial to balance economic, social, ecological, and institutional di-
mensions for sustainability and equity. It protects human rights, public health, ecological
integrity, and social cohesion by coordinating stakeholders at every scale. The approach
fosters responsible stewardship and inclusive governance through a values-based, multi-
disciplinary, and participatory model [2,3].

Ethical principles are primarily based on rights, justice integration, ecology, and inter-
generational equity, supporting integrative ethical water governance. It is a fundamental
ethical principle rooted in the recognition of water as a human right and the integration of
justice frameworks to ensure equitable access to water for all stakeholders [4]. Furthermore,
it encompasses eco-integrity, which preserves the centrality of ecosystems and promotes
environmental sustainability, alongside intergenerational equity, which conserves water
resources for future generations [5].

Governance frameworks include the policies, procedures, and structures that shape
decision-making, risk management, and accountability. They align strategies with ethical
standards, regulations, and stakeholder expectations, improving performance [6]. Resource
governance frameworks are key to effective resource management. Their main elements
are stakeholder participation, environmental focus, equity, integration, and economic
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mechanisms [2]. Each pillar ensures the integrity, security, and usability of resources.
Figure 1 illustrates the primary pillars of IEWG.

‘ Integrative Ethical Water Governance (IEWG) W

‘ Ethical Principals W ‘ Governance Frameworks W
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Figure 1. Two primary and nine subsidiary dimensions of Integrative Ethical Water Governance
(IEWG): Ethical Principles and Governance Frameworks.

1.2. Ethical Principles
1.2.1. Rights-Based Water Governance

The human right to water is a relatively new addition to the catalogue of internationally
recognized human rights. At the international level, access to water was recognized as a
human right at least since 2010, when both the Human Rights Council and the General
Assembly of the United Nations affirmed its existence [7].

Since then, the understanding of this right, and the obligations flowing from it, have
deepened and become more sophisticated [8]. This approach ensures that water manage-
ment prioritizes human dignity and basic needs while addressing inequalities in access.

1.2.2. Justice and Equity Principles

In order to create effective governance, power imbalances must be addressed, partic-
ipation in decision-making must be enabled, and conflicting values must be reconciled.
The OECD water governance principles have been critiqued for needing stronger integra-
tion of Indigenous rights and water justice perspectives, highlighting the importance of
incorporating diverse ethical frameworks [7,9].

1.2.3. Intergenerational Equity

Recent scholarship emphasizes that water resource management must explicitly in-
corporate intergenerational considerations, using adapted Bentham—Rawls criteria and
overlapping generation structures to balance current economic benefits with long-term
sustainability. This principle has gained recognition in international environmental law
and climate jurisprudence as customary practice [5].

1.2.4. Ecological Integrity

Modern water governance increasingly recognizes ecosystem centrality as a core
ethical principle, moving beyond viewing water solely as a resource toward understanding

https://doi.org/10.3390/sul18041761


https://doi.org/10.3390/su18041761

Sustainability 2026, 18, 1761

4 of 26

water as integral to ecological systems. This includes protecting freshwater ecosystems,
maintaining biodiversity, and ensuring sustainable water flows [2].

These four ethical dimensions are most effective when operationalized together
through comprehensive water governance frameworks. Values-based approaches to water
governance help adjudicate competing priorities while maintaining ethical commitments
to sustainability, equity, and environmental protection [4].

1.3. Governance Frameworks
1.3.1. Stakeholder Participation

Stakeholder engagement is an integral part of water governance to provide long-term
sustainable water services (e.g., water storage, distribution, treatment). Yet, evidence-
based studies documenting how community engagement contributes to water governance
objectives are scarce [10].

Increasing demands for long-term benefits, including sustainability and resilience,
have made stakeholder engagement a central component of water-related projects in
various contexts. Intangible assets, such as trust, ownership, and acceptability, are fragile
yet powerful [11].

1.3.2. Environmental Focus

Environmental focus in water governance emphasizes the health, value, and integrity
of aquatic ecosystems, recognizing water’s role in supporting biodiversity and ecosystem
services. Strong connections between water systems and broader ecosystems must be
maintained, natural flows must be protected, and water quality must be maintained [12].
For long-term sustainability, water governance must balance human needs with ecosystem
demands, apply precautionary principles, and integrate environmental protections into
legal and regulatory frameworks [13].

1.3.3. Equity Approach

Assuring equitable distribution of water among communities, social groups, and
economic sectors at the national and transboundary levels. Water resources are shared
equitably across communities, reducing spatial and socioeconomic disparities. All indi-
viduals, regardless of gender, should have opportunities to enhance or maintain their
well-being. Equity between and among the various interest groups, stakeholders, and
consumer-voters needs to carefully monitored throughout the process of policy develop-
ment and implementation [14].

The equity approach ensures that all members of society have equitable access to,
management of, and decision-making about water resources, with special consideration for
the most vulnerable and marginalized members of society. In addition to equal distribution,
this pillar addresses diversity, historical inequalities, and power imbalances, recognizing
that water governance requires identifying who benefits, who participates in making water
decisions, and how costs and benefits are distributed [15]. It is essential that equitable water
governance involves transparent, accountable, and nondiscriminatory frameworks that
respect water as a human right, promote social justice, and address the disproportionate
impact on disadvantaged groups [16].

1.3.4. Institutional Integration

Institutional integration entails coordination and cohesion among water governance
structures at various governmental levels (local, regional, national, transboundary) and
across multiple policy sectors, including agriculture, energy, environment, health, and
industry, which influence water resources both vertically and horizontally [2]. Addressing
fragmentation requires defining clear roles and responsibilities, promoting cross-sectoral
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collaboration, and establishing coordination mechanisms, such as river basin organizations.
Additionally, fostering synergistic interactions among hierarchical, market-based, and
network governance mechanisms is essential. Effective institutional integration depends on
flexible and sustainable arrangements that support information flow, stakeholder engage-
ment, legal coherence, and adaptive capacity to manage conflicts and trade-offs [17,18].

1.3.5. Economic Mechanisms

Water governance reduces confusion by defining clear roles, fostering cooperation,
and creating coordination groups such as river basin organizations. Effective governance
relies on the sharing of accessible information, stakeholder participation, legal alignment,
and robust conflict resolution.

Institutional integration in water governance involves aligning structures across gov-
ernment levels, from local to transboundary, and across various sectors, including agricul-
ture, energy, and the environment. This alignment addresses fragmentation by clarifying
roles, encouraging collaboration, and establishing coordination mechanisms such as river
basin organizations. Success depends on flexible information sharing, stakeholder engage-
ment, legal coherence, and adaptive conflict management [19].

1.3.6. Conceptual Distinctions Between Dimensions

This governance framework distinguishes governance dimensions to support sys-
tematic analysis. Institutional integration involves mechanisms that enable integrated
governance, such as interagency bodies, unified legal frameworks, and cross-sectoral ar-
rangements. Economic mechanisms use financial tools to influence behavior, including
water pricing, subsidies, cost recovery, and payment schemes. Although these dimen-
sions interact, each serves a distinct function. Integrated institutions address coordination
by clarifying responsibilities and processes, while economic mechanisms establish incen-
tives through financial tools. The scoring process maintains this distinction by evaluating
organizational and legal evidence separately from pricing and financial evidence.

1.4. As a Complementary Dimension of IEWG: Stewardship

The term stewardship refers to the collaborative planning and responsible manage-
ment of the environment through natural resource management practices that take into
account ecosystem functions. The concept of stewardship has gained considerable traction
in recent years, yet it is used loosely in the literature of land management and rarely defined.
It has the potential to be a valuable concept in modern management philosophies. There is
currently a lack of connection between this practical usage and stewardship ethics. Envi-
ronmental stewardship, as an area of research, has gained prominence relatively recently,
emerging only in the past four decades. It is now recognized as a notable confluence of
sociocultural norms and ecological sustainability which is crystallized into practice and
conservation strategy [20]. There is no doubt that stewardship is a crucial technical term in
the sustainability discourse. However, it carries a deeper meaning than many alternatives,
such as Management, Governance, Conservation, Sustainability, Care or Guardianship.
It is essential that stewardship combines moral responsibility, future orientation, active
management, collaboration, and humility [21].

Stewardship provides an operational framework that synthesizes ethical principles
through integrated management practices [20]. Unlike traditional resource manage-
ment focused on extraction and control, stewardship emphasizes care, responsibility,
and regeneration [22,23].

Regenerative stewardship extends beyond the traditional sustainability approach of
maintaining current conditions by actively improving system capacity. Such stewardship
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involves practices that improve soil health, increase water retention, promote biodiversity,
and strengthen social cohesion.

Regenerative agriculture broadly encompasses both conservation agriculture and
more sustainable agroforestry techniques. These practices increase crop productivity,
enhance soil fertility, improve water retention, and create other ecosystem services, resulting
in significant economic, mitigation, adaptation, and social benefits [24]. Regenerative
Agriculture describes farming and grazing practices that, among other benefits, reverse
climate change by rebuilding soil organic matter and restoring degraded soil biodiversity,
resulting in both carbon drawdown and improved water cycle. Research continues to
reveal the damaging effects on soil from tillage, the application of agricultural chemicals
and salt-based fertilizers, and carbon mining. Regenerative agriculture seeks to reverse this
paradigm by fostering long-term ecological and agricultural sustainability [25].

Collaborative stewardship is a critical aspect of stewardship capacity and social
innovation among individuals and groups [26]. Collaborative partnerships are being used
around the world to address complex water problems and integrate diverse government
and non-government perspectives. This approach views decision-making as a dialog and
negotiation involving stakeholders from government, nonprofit and private sectors, and
deliberation with the general public [27].

Adaptive stewardship utilizes learning and adjustment to facilitate the evolution of
governance systems. These systems adapt based on experience, changing conditions, and
new knowledge. Adaptability is the capacity of actors in a system to influence resilience.
In a Social-Ecological System (SES), humans manage resilience. Complex adaptive systems
often self-organize without intent. In SESs, individual human actors show intent, but the
system as a whole does not, as seen in a market. This approach treats uncertainty as an
opportunity for innovation rather than a barrier to action [28].

2. Methods
2.1. Four International Cases Selected

Our study demonstrates how ethical water governance serves as a cornerstone of
resilient food systems by examining innovative frameworks from Tiirkiye’s Southeastern
Anatolia Project (GAP), China’s Yangtze River Basin management, India’s watershed de-
velopment programs, and California’s groundwater sustainability initiatives. Tiirkiye was
selected as a case study due to its integration of regional development with a sustainable
human development philosophy. China and India, the world’s most populous countries,
were included to compare differing development contexts: India remains a developing
country, while China is relatively advanced.

2.1.1. Turkiye’s Southeastern Anatolia Project (GAP): Integrated Regional Development

The Southeastern Anatolia Project represents one of the world’s most comprehensive
attempts to integrate water resource development with regional socioeconomic transfor-
mation while addressing transboundary governance challenges [29]. Initiated in 1977 and
encompassing 22 dams, 19 hydroelectric power plants, and irrigation infrastructure for
1.8 million hectares, GAP operates across multiple scales from local villages to international
diplomacy [30]. Figure 2 presents the dams constructed as part of Tiirkiye’s Southeastern
Anatolia Project (GAP).
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Figure 2. Tiirkiye’s Southeastern Anatolia Project (GAP) region with the existing and planned dams
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and hydroelectric power plant projects [31].

2.1.2. China’s Yangtze River Basin: Ecological Civilization Integration

China’s Yangtze River Basin management exemplifies large-scale transformation from
economic development focus to “ecological civilization” principles that integrate environ-
mental protection with sustainable development [32]. The 2021 Yangtze River Protection
Law requires that the ecosystems of the Yangtze River Basin be managed mainly through
natural restoration, but also with combinations of natural restoration and artificial restora-
tion [33]. Our analysis focuses on institutional integration through the Yangtze River Basin
Authority, which coordinates previously fragmented provincial governance and unifies
ecological standards. Economic instruments such as payment for ecosystem services, large-
scale land-use change programs (e.g., “grain-for-green”), and technological measures in
agriculture are considered as key governance mechanisms in the [IEWG framework.

Figure 3 presents a map of the Yangtze River basin in China, highlighting its major tributaries.
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Figure 3. Map of the Yangtze River basin with major tributaries. Data from GTOPO30, HYDRO1k,
and Natural Earth (all public domain), adapted from a map by Keenan Pepper, licensed under CC
BY-SA 4.0 [34].

2.1.3. India’s Watershed Development: Community-Based Stewardship

India’s watershed development programs, particularly in semi-arid regions, demon-
strate how participatory governance can integrate water conservation, agricultural develop-
ment, and social equity [35]. Implemented across millions of hectares since the 1990s, these
programs combine traditional water harvesting techniques with contemporary development
approaches [36]. Figure 4 presents a map illustrating basins (A) and sub-basins (B) in India,
adapted from the Central Ground Water Board of India.
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Figure 4. Map of basins (A) and sub-basins (B) in India, adopted from the Central Ground Water
Board of India [37].

For IEWG scoring, we emphasize participatory institutions (watershed committees,
panchayat-based structures), livelihood diversification, and attention to marginalized
groups, including women and lower castes. Technical measures and scaling strategies
via farmer-to-farmer learning and policy support are treated as part of the governance
framework rather than as engineering results.

2.1.4. California’s Groundwater Sustainability: Rights-Based Governance

California’s 2014 Sustainable Groundwater Management Act (SGMA) exemplifies
how developed economies can transition to ethical governance while addressing historical
over-allocation and climate adaptation [38,39]. SGMA represents a fundamental shift from
unregulated groundwater pumping to community-based sustainability planning across the
state’s overdrafted basins [40]. Figure 5 presents a map depicting the locations of Integrated
Regional Water Management Plans in California.
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Figure 5. Location of Integrated Regional Water Management Plans in California [41].
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In our comparative framework, SGMA is evaluated through its participatory planning
arrangements, rebalancing of existing water rights with sustainability and environmental
protections, and use of monitoring, modeling, and economic instruments such as man-
aged aquifer recharge and water trading. Its adaptive provisions for periodic review and
adjustment are treated as indicators of learning-oriented, ethically informed governance.

2.2. Scoring of Four International Cases

Comparative Case Study Selection was used for this study. Tiirkiye, China, India, and
California were selected as representative sites for intermediating water governance in food
systems because they each embody significant diversity in water challenges and gover-
nance related to food systems. To analyze these contexts, we apply a total of nine evaluation
dimensions, which are classified into two main pillars: Ethical Principles and Governance
Frameworks. Specifically, Ethical Principles include Justice Integration, Rights-based In-
tegration, Ecological Integrity, and Intergenerational Equity. Meanwhile, Governance
Frameworks comprise Stakeholder Participation, Economic Mechanisms, Institutional In-
novation, Equity Approach, and Environmental Focus. All cases were scored for the ethical
principles and governance frameworks pillars from 1-10. The scoring of 9 dimensions is
explained in Appendices B.1-B.8 very detailed giving the referencing.

Dimension scores were determined by systematically extracting evidence from case
study literature, assigning sub-scores to individual evidence items according to the criteria
in Table 1, and aggregating these sub-scores. For instance, in the case of Rights-Based
Integration within GAP, positive evidence, such as irrigation access improvements and
women’s programs, received sub-scores totaling +5.0, whereas negative evidence, including
downstream impacts and displacement issues, totaled —5.0 in Appendix B.1. This resulted
in a net score of 0, combined with a baseline of 5, yielding a final score of 5 out of 10. Detailed
procedures for evidence extraction, sub-scoring, and calculations for all dimensions and
cases are provided in Appendices B.1-B.8, along with source citations.

Each dimension comprises supporting reference sentences, termed elements, which
are listed in Appendix B.1 through B8 and indexed by 7, i = 1, ..., n, each with a signed
contribution S;.

The element-level scoring procedure is as follows:

S; € [-5,5] foralli (1)
Net score for each element of dimension:
n
Shet = ZSi €[5, 5] foralli (2)
i=1
or " "
Spet = Y ST +Y_.S; foralli (3)
i=1 i=
Neutral baseline:
Sp=5 4)

Preliminary overall score calculated on a 0 to 10 scale:
So = Sp+ Snet ()
Truncation rule: lower bound set at 0:
If Sy < O0thenS, =0 (6)
Therefore,

So € [0,10] represents the final overall score for the dimension (7)
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Table 1.

Description of the scoring system ranging from —5 to +5 for individual evidence

items. Sub-scores were aggregated to generate final dimension scores (see Appendices B.1-B.8

for detailed applications).

Score Description Generic Description Applied to Any Dimensions
. Almost no explicit or implicit evidence related to the dimension; no relevant
1 Minimal concern . . . . o
mechanisms, practices, or commitments are identifiable.
5 Weak Dimension is mentioned or implied, but mechanisms are ad hoc, informal,
or not clearly assigned; implementation is rare.
Some formal mechanisms or practices exist and are implemented
3 Moderate . . . L
occasionally; coverage is partial, and monitoring is limited.
Clear mechanisms, responsibilities, and resources are in place and used
4 Strong L .
regularly; some monitoring and feedback are evident.
5 Svstematic Dimension is fully institutionalized, regularly monitored, and adapted
y based on performance and stakeholder feedback.
. Isolated indications of shortcomings; limited evidence that the dimension is
-1 Minimal concern . . .
undermined, and no clear pattern of problematic practice.
5 Noticeable weakness Repe'ated 1r1d1cat.1ons tha? mecham?ms are.poorly designed or inconsistently
applied, producing tangible but still localized problems.
3 Structural deficiency Systematl.c gaps or b1ase§ m.rules and practices; the dimension is regularly
compromised and negative impacts are common.
. L The dimension is broadly neglected or overridden; harmful practices are
—4 Pervasive violation . .
widespread and rarely corrected or sanctioned.
5 Systemic rights failure The dimension is fundamentally opposed or denied; harmful practices are

institutionalized, persistent, and resistant to reform.

3. Results and Discussion

We have synthesized peer-reviewed literature, analyzed policy documents, reviewed
ethical principles, examined governance frameworks for each case, and collected qualitative

and quantitative performance data using established indicators. Table 1 provides a detailed

description of the scoring system, which ranges from —5 to 5 for each dimension. Table 2
reports scores on a scale of 1 to 10 for the four cases (Ttirkiye-GAP, China-Yangtze, India-
Community Watershed, California-SGMA) across nine dimensions, encompassing four
ethical principles and five governance frameworks.

Table 2. Scores (1-10) for the four cases (Tirkiye-GAP, China-Yangtze, India-Community Watershed,
California-SGMA).

Dimension Tiirkiye: GAP China: Yangtze India: Watershed  California: SGMA
Rights-Based Integration 5 6 8 7
Justice Integration 6 5 8 7
Intergenerational Equity 6 7 7 9
Ecological Integrity 5 7 7 8
Ethical P. Av. Score 55 6.3 7.5 7.8
Stakeholder Participation 4 6 9 7
Environmental Focus 5 7 6 8
Equity Approach 6 5 8 7
Institutional Integration 4 6 6 8
Economic Mechanisms 7 6 5 8
Governance F. Av. Score 52 6 6.8 7.6
Overall Average Score 53 6.1 7.1 7.7
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3.1. Explanation of Scores

Figure 6 displays the ratings of ethical principles on a scale from 1 to 10. Figure 7
illustrates the governance frameworks of four major water management projects using
radar spider graphics. Figures 68 use blue to represent Ttirkiye, red for China, green for
India, and yellow for California. In order to identify patterns, strengths, and weaknesses in
governance models, we analyzed cross-case comparison results, radar visualization, and

qualitative synthesis.

Comparative Visualization: Ethical Principals
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Figure 6. Comparative Visualization of Ethical Principles.
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Figure 7. Comparative Visualization Governance Frameworks.
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Nine Dimensional Water Governance Comparison
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Figure 8. Comparative Visualization of all dimensions of Integrative Water Management.

Explanations for all scores are provided in Appendices B.1-B.8.

o  Tirkiye GAP scores moderate on rights and justice integration with a strong economic
approach due to infrastructure focus but lower on participation and institutional
integration reflecting its centralized model.

e China Yangtze emphasizes basin-wide ecological and environmental outcomes but
weak local justice and participation due to limited local power.

e India Watershed excels in community participation, justice, and equity due to its
grassroots, inclusive governance, but scores lower on economic mechanisms and
institutional integration.

e California SGMA rates high on intergenerational equity, ecological protection, enforce-
ment, economic mechanisms via regulation, and decent participation through GSAs.

According to Figure 6, ethical dimensions: India (8) and California (7) are the strongest
in rights-based approaches. Justice integration is most advanced in India (8), with par-
ticipation from all genders and segments. California (9) leads in intergenerational equity,
trailed by India (7) and China (7). California (8); and India (7) and China (7) have top the
ecological integrity dimension and Tiirkiye (5) receives the lowest mark.

Analysis of Figure 6 indicates that California and India exhibit stronger ethical in-
tegration, particularly regarding intergenerational equity and rights-based approaches.
In contrast, Turkey and China display less developed ethical frameworks, with Turkey
demonstrating notable weaknesses in ecological integrity considerations.

The comparative assessment presented in Figure 7 demonstrates that California leads
in institutional integration and environmental focus, reflecting a mature governance struc-
ture. India demonstrates strengths in stakeholder participation and equity approaches.
Turkey exhibits the most uneven profile, with notable deficiencies in environmental focus.
In contrast, China displays a moderate yet balanced performance.

The results of Figure 7 may be briefly analyzed as follows: If we consider Governance
Dimensions: Stakeholder participation is highest in India (9) and followed by California (7).
For the equity approach, India (8) and California (7) receive the highest scores. The highest
score in institutional integration belongs to California (8). Tiirkiye (7) closely follows Cali-
fornia (8) in economic mechanisms. This concludes the analysis of governance dimensions.
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Overall, California SGMA shows a balanced approach with strong sustainability
and enforcement mechanisms, India emphasizes social equity and participation, China
prioritizes ecological governance but struggles locally, and Tiirkiye is focused on large
infrastructure and economic growth with moderate social integration.

California’s institutional and environmental strength (Figure 7) translates into sus-
tained high performance across those same dimensions in Figure 8. India’s participatory
excellence maintains its prominence in both visualizations. Turkey’s governance gaps
in Figure 7 compound with ethical principle weaknesses, resulting in the lowest overall
profile in Figure 8. China’s moderate balance in governance frameworks (Figure 7) remains
consistent in the integrated model (Figure 8).

Figure 7 demonstrates that effective water governance requires simultaneous integra-
tion of ethical principles and operational frameworks.

The comparative analysis reveals fundamental trade-offs between technocratic effi-
ciency (California), participatory equity (India), centralized environmental management
(China), and development-oriented approaches (Turkey), each reflecting distinct political
economies and cultural contexts of water governance. It can be deduced that high central-
ization (China, Turkey) correlates with lower stakeholder participation, community-based
models (India) show participation strengths but institutional coordination weaknesses
and finally hybrid models (California) achieve more balanced coverage but may face
coordination complexity.

3.2. Strengths of Method and Comparison Approach

The visualization indicates that no single governance model is dominant across all
dimensions. Each country displays distinct strengths that correspond to its particular
context and priorities.

The evidence-based scoring approach utilized in this study presents several method-
ological advantages for comparative water governance assessment. In contrast to qualita-
tive frameworks that rely on narrative synthesis, the systematic extraction and scoring of
individual evidence items (as documented in Appendices B.1-B.8) facilitate transparent
cross-case comparison and ensure traceability to source literature.

The bidirectional scoring scale, ranging from —5 to +5 for sub-scores, clearly differen-
tiates between governance strengths and active violations or systematic failures, offering a
more nuanced assessment than unidirectional or binary methods. Grounding sub-scores
in specific documented evidence with clear citations, rather than holistic impressions, re-
duces evaluator subjectivity, although it does not eliminate it entirely. Further validation
through inter-rater reliability testing and field research would enhance confidence in the
scores’ precision. Nevertheless, the current approach establishes a rigorous foundation for
exploratory comparative analysis and for generating hypotheses regarding governance
priorities and reform pathways.

3.3. Further Research Needs

Future research should prioritize climate adaptation strategies, transboundary cooper-
ation mechanisms, the impacts of urbanization, and approaches to cultural integration.

3.3.1. Climate Adaptation

Understanding how governance systems can adapt to changing precipitation patterns,
extreme weather events, and shifting agricultural zones while maintaining equity and
sustainability requires continued research [42].

Climate change introduces unprecedented uncertainty that governance systems
must accommodate [43].
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3.3.2. Transboundary Cooperation

Developing frameworks for ethical water sharing across national boundaries remains
critical, particularly in regions with historical conflicts. Benefit-sharing approaches offer
promise but require further refinement [42].

3.3.3. Urbanization Impacts

It was suggested that urbanization should not be examined and framed solely as a
problem or as a solution. It is dangerous for policymakers to consider urbanization solely
as a problem, since it is an unavoidable part of economic development. A more useful way
to think about global urbanization is as posing a series of socialenvironmental challenges
that must be overcome to achieve sustainability [44,45].

3.3.4. Cultural Integration

Effective cultural integration necessitates examining how diverse religious and cultural
traditions influence contemporary water governance. Additionally, a comprehensive
analysis is required to ensure respect for pluralism and human rights [46,47].

3.4. Methodological Limitations

This study has several limitations. First, all scoring was conducted by a single re-
searcher, which may introduce subjective bias despite the use of explicit criteria (Table 1)
and transparent documentation (Appendices B.1-B.8). Future research should assess inter-
rater reliability by involving multiple independent evaluators.

Secondly, a key limitation of linear aggregation is the assumption that positive and
negative governance attributes can always offset each other equally. In practice, severe
violations (e.g., —4 or —5) may outweigh moderate strengths (+2 or +3). Applying non-
linear weighting rules or thresholds could introduce greater nuance in future applications.

A third limitation is that these scores are based exclusively on secondary literature,
without field validation or stakeholder verification. This reliance limits the ability to identify
implementation gaps or recent reforms. Incorporating primary data would enhance the
robustness of future analyses.

Finally, the evidence sources offer a cross-sectional synthesis rather than a consistent
temporal snapshot.

These limitations indicate that the scores should be interpreted as estimates rather
than precise measurements. Nevertheless, the framework provides a systematic compar-
ative structure, identifies governance priorities, and supplies documentation to facilitate
independent verification.

4. Conclusions

Effective water governance underpins the future of sustainable food systems. A
robust analysis of existing legal and social contexts enables governance models that ensure
citizen participation and freedom of expression through legislative protections. Regulatory
frameworks must rigorously protect natural resources and ecosystems, referencing clear
standards such as environmental protection acts, waste management, and air quality
rules. Systematic integration of diverse stakeholder perspectives in decision-making allows
participants to directly influence and observe tangible results.

Developing the capacity to enhance knowledge, skills, and access to resources is
essential for effective governance. Equitable economic systems should promote sustainable
practices and safeguard vulnerable populations. Adaptive governance, incorporating
systematic monitoring and feedback, enables organizations to respond effectively to change.
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Institutions should implement robust regulations and transparent structures to ensure
justice, equity, and balanced power, rather than depending on ambiguous commitments.

The transition from scarcity-driven water management to integrative ethical stew-
ardship represents both an opportunity and a necessity for the development of future
food systems. This transformation is achievable in various contexts through the deliberate
integration of ethical principles into governance structures. It necessitates institutional
innovations that bridge multiple scales and sectors, economic mechanisms consistent with
stewardship values, technology integrated within participatory processes, and cultural
change that recognizes the intrinsic value of water.

This study develops and applies a systematic framework for assessing ethical water
governance through ten integrated dimensions spanning institutional, economic, environ-
mental, and ethical principles. The evidence-based scoring methodology, fully documented
with source citations and calculation procedures in Appendices B.1-B.8, enables transparent
cross-case comparison while maintaining traceability to original literature. Application to
four major case studies—GAP (Turkey), Yangtze River Basin (China), participatory water-
shed programs (India), and SGMA (California)—demonstrates the framework’s capacity
to identify both common governance challenges and context-specific priorities. Across
cases, dimensions related to stakeholder participation, transparency, and rights-based
integration consistently scored lower than technical or institutional dimensions, suggesting
systematic gaps in democratic and ethical governance components relative to operational
water management capacity.

While the framework acknowledges methodological limitations including single-
evaluator scoring, linear aggregation assumptions, and reliance on secondary literature,
it provides a rigorous and replicable foundation for comparative governance assessment.
The detailed documentation enables independent verification of scoring decisions and
adaptation to alternative analytical approaches or additional case studies. By systemat-
ically linking governance mechanisms to ethical principles, this framework can inform
evidence-based policy reforms, guide stakeholder engagement strategies, and support
the development of more equitable and sustainable water management systems. Future
research should focus on inter-rater reliability testing, field validation with primary data
collection, and longitudinal assessment to capture governance dynamics over time.

In conclusion, the establishment of future food systems through integrative ethical
water governance (IEWG) signifies a substantial shift in society’s relationship with natural
resources. This shift underscores the interdependence of water and food security, equity,
environmental stewardship, and public participation. The strategies outlined offer a foun-
dational framework and emphasize the importance of local adaptation. Stakeholders are
advised to apply these approaches within their respective contexts to achieve substan-
tial progress.
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Appendix A. Comparative Analysis of Governance Frameworks

Dimension Tiirkiye (GAP) China (Yangtze) India (Watersheds) California (SGMA)
Scale Regional (9 provinces) River basin (11 provinces)  Local watersheds State-wide basins
i i 1 1 ith
Institutional Model Cen"crf:th?d withloca Federal coordination Community-based Loca ,GSAS with state
participation oversight
Devel E ic-ecological
Primary Challenge eve opment conomic-ecologica Poverty + water scarcity Over-allocation + climate

transboundary

balance

Participation Level

Moderate (improving)

Limited (top-down)

High (community-led)

High (stakeholder-driven)

Economic Mechanism

Public investment

PES transfers

Livelihood programs

Water markets + recharge

Environmental Focus

Evolving integration

Ecological civilization

Traditional + modern

Ecosystem protection

Equity Approach

Regional development

Inter-provincial transfers

Caste/gender inclusion

Disadvantaged
communities

Time Frame

1977-ongoing

2021-ongoing

1990s-ongoing

2014-ongoing

Key Innovation

Multi-sectoral integration

Payment for services

Participatory planning

Rights-based

sustainability
Appendix B.
Appendix B.1. Overall GAP Assessment Summary Ethical Principles
Dimension So Description of Referenced Element Snet
(1-10) (=5 to +5)
Regional development targets historically marginalized poorest population’s 435
economic rights [48]
Water access improved for 9 provinces through irrigation infrastructure [48] +2.5
Rights-Based GAP-GIDEM Developing women’s entrepreneurship and supporting micro-enterprises [49] +2.0
Integration 5/10 Water treated as a development source not a fundemental right [50] -35
Flow reductions violate downstream populations (Syria/Iraq) [50] —-25
Displaced populations inadequately compensated; rights to livelihood and culture 5
insufficiently protected [51]
Total Net Score = +5 + (—5) = 0 Baseline =5 Score=0+5=5 5
Regional resource allocation addresses spatial inequality [49] +2.5
Water user associations provide some operational voice [49] +2.5
GAP-GIDEM recognizes women'’s knowledge and contributions [49] +1.5
Justice Integration 6/10 Benefits concer.ltrate among large landowners WithOl',lt. redistributi.on me'c}}anisms [51] —2.5
Top-down project design excludes affected communities from major decisions [29] -2
Some local identities not explicitly recognized; and project historically viewed as assimilation of 1
some local culture [52]
Total Net Score = +6.5 + (—5.5) = +1 Baseline =5 Score = +1 + 5= 6 6
Infrastructure designed for long-term water storage [48] 3
Renewable hydroelectric energy benefits future generations [53] 2
Education and health investments for the future generations [53] 1.5
Intergenerational 6/10 Downstream flow reduction imposes enduring hydrological deficits on future generations in 3
Equity Syria/Iraq [50]
Soil salinization risks from lack of drainage threaten long-term productivity [54] -2
Climate adaptation planning inadequate; vulnerability to reduced Euphrates flow [42]. -15
Total Net Score = +7 + (—6) = +1 Baseline =5 Score = +1 +5=6 6
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Dimension So Description of Referenced Element Sret
(1-10) (—5to +5)

Modern irrigation more efficient than traditional; water savings potential [48] 3
Environmental Impact Assessments (EIAs) required since 1990s; monitoring 3
systems established [30]

Ecological Integrity ~ 5/10 Large reservoir creation flooded ecosystems irreversibly [48] -3
Need to prepare new plans for the environmental issues [55] -2
Extinctions of some species such as the Euphrates softshell turtle (Rafetus euphraticus) [56] -1
Total Net Score = +6 + (—6) = 0 Baseline =5 Score=0+5=5 5

Appendix B.2. Overall GAP Assessment Summary Governance Frameworks
Dimension So Description of Referenced Element Snet
(1-10) (—5to +5)

Functional water user associations with operational responsibilities [29] 4
GAP-GIDEM program enhanced women's participation [57] 3

Stakeholder Top-down legacy and top-down project design; communities consult but don’t decide _4

Participation 4/10  major policies [58]

p . . .

Transboundary stakeholders (Syria, Iraq) completely excluded despite severe impacts [50] -25
Elite capture at local levels; large landowners dominate associations [59] -1.5
Total Net Score = +7 + (—8)= —1 Baseline =5 Score = —1 +5=4 4
Environmental Impact Assessments (EIA) mandatory since 1990s; monitoring 35
systems established [60] ’
Modern, more efficient irrigation, Renewable hydroelectric energy (27 billion kWh/year) [48] 2.5

Environmental 5/10 Euphrates flow reduced ~40% at Syrian border; Mesopotamian marshes degradation [58] 1.5

Focus Large reservoirs (817 km?) flooded ecosystems irreversibly and 60,000 displaced [48] -3.5
No environmental flow allocations; enforcement gaps [50] -25
Soil salinization risks emerge from inadequate drainage [54] —-15
Total Net Score = +7.5 + (—7.5) = —0 Baseline = 5 Score =0 + 5=5 5
In historically poorest region, perceptions of individuals consistently suggest that the GAP 3
irrigation projects have brought about positive changes [61]
GAP-GIDEM dedicated gender program, female literacy and economic 25
participation increased [57] ’
Poverty reduction documented; infrastructure gap narrowed [53] 1.5
Education and health programs address social equity [42] 1

Equity Approach 6/10 Disproportionately allocated irrigated land, unequal distribution of land causes the unequal
distribution of income [62] -3
income
Displaced populations inadequately compensated; resettlement failures [51] -2
Limited procedural equity; some local communities marginalized in decision-making [52] -1
There are limited benefits available to landless laborers beyond temporary employment [62] -1
Total Net Score = +8 + (—7) = +1 Baseline =5 Score = +1 + 5=6 6
GAP Regional Development Administration (GAP-RDA) coordinates across 9 provinces and 3
multiple ministries [30]
Strong water—energy-agriculture sectoral integration; dams serve dual purposes [48] 3

Institutional 4/10 The GAP Master Plan sets the development goals [55] 1

Integration Weak transboundary coordination; Joint Technical Committees ineffective [50] -3
Implementation authority dispersed across ministries; coordination gaps [54,55] -3
Limited horizontal coordination, institutional overlap [54] -2
Total Net Score = +7 +(—8) = —1 Baseline = 5 Score = (—1) + 5=4 4
Substantial public investment (~$32 billion) [63] 4
Comprehensive development incentives (tax exemptions, subsidized inputs, preferential by
credit) [52]

' Demonstrated economic impacts: GDP growth above national average; positive impact on By

Economic 7710  employment; Rates of poverty in the region have decreased considerably [53]

Mechanisms Hydroelectric revenue generation component [48] 2
Irrigation water pricing heavily subsidized [64] -3
No market mechanisms; administered allocation creates inefficiencies [65] -3
Economic sustainability concerns because of subsidy dependence [65] -2
Total Net Score = +10 + (—8) = +2 Baseline =5 Score = +2 + 5=7 7
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Appendix B.3. Overall China Yangtze River Basin Assessment Summary Ethical Principles

Dimension (:io) Description of Referenced Element (_::;t+5)
Yangtze Protection Law establishes environmental flow rights as legal entitlements [66] 3
Ecological civilization framework elevates environmental protection to constitutional principle [67] 2
Rights-Based Payment for ecosystem services recognizes upstream communities’ rights to compensation [68] 15
Integration 6/10 Limited recognition of community rights to participate in decisions affecting their resources [69] -3
Resettlement violated rights to land and culture despite compensation [70]. -2.5
Total Net Score = +6.5 + (—5.5) = +1 Baseline =5 Score =+1 +5=6 6
Inter-provincial PES transfers redistribute wealth from coastal to upstream regions [71] 3
Scientific expertise highly valued; technical knowledge integrated comprehensively [72] 15
Provincial governments negotiate PES agreements with some autonomy [68] 1
Grassroots communities excluded from meaningful participation in planning [69] -2
Justice Integration 5/10  Urbanization has often been accompanied by population growth and a resulting increase in 5
human activities, lead to the deterioration of water quality [73] B
Traditional ecological knowledge undervalued; more exploration is needed to integrate 15
international experiences with local practices in China [74]. ’
Total Net Score = + 5.5 + (—5.5) = 0 Baseline =5 Score =0 + 5=5 5
Intergenerational responsibility is explicitly emphasized in future oriented ecological civilization [75] 4
Ecological restoration for sustainable development for natural capital of future [76] 3
Long-term planning horizons (to 2050) institutionalize future thinking [77] 15
Intergenerational In 2021, China launched a 10-year fishing ban in the Yangtze River Basin to restore depleted 1
Equity 7/10 fish stocks [78]
Historical Three Gorges Dam impacts on sediment transport and fisheries create _4
permanent deficits [79]
Households with lower incomes receive no additional benefits from PES [80]. -35
Total Net Score = +9.5 + (—7.5) = +2 Baseline = 5 Score = +2 + 5 =7 7
Ecosystem health is prioritized over economic development by the Protection 5
Law—a paradigm shift [66]
Ecological Integrity 7/10 Protecting speci.es, improvi.ng the I%Ving environment, ar?d maintaining ecological balance [76] 4
Dams construction caused irreversible ecosystem alterations [81] —4
Implementation gaps between policy ambitions and local enforcement [82] -3
Total Net Score = +9 + (—7) = +2 Baseline =5 Score = +2 +5=7 7
Appendix B.4. Overall China Yangtze River Basin Assessment Summary Governance Frameworks
Dimension So Description of Referenced Element Snet
(1-10) (—=5to +5)
Effective inter-provincial coordination platforms; technical working groups function well [69] 4
Provincial governments negotiate PES agreements with some autonomy [83] 3
Stakeholder Grassroots communities may be excluded from decision-making [84] -3
Participation 6/10 Grain-for-Green (GGP) reduced rural household’s net income and livelihood diversity [84] -2
The GGP was oriented to ecological goal and hindered farmers” access to land resources [84] -1
Total Net Score = +7 + (—6)= +1 Baseline =5 Score =+1 +5=6 6
Yangtze Protection Law prioritizes ecosystem over development [66] 5
Comprehensive protection law, massive restoration [84] 3
Grain-for-green program: converting 14.63 million ha of farmland on slopes of 15-25° or greater; by
revegetating 17.33 million ha of sparsely vegetated land by 2010 [84]
Environmental flows legally mandated; The 10-year fishing ban in the Yangtze River Basin,
Environmental 7/10 launched in 2021 to restore depleted fish stocks [78] 2
Focus Advanced monitoring: remote sensing, big data, real-time tracking [85] 1
Three Gorges Dam caused 1.13 million displaced, sediment/fish migration altered [79] —4
The forced resettlement of impacted populations, threats to endangered species and fragile 4
regional ecosystems, sediment flow rates, and the development of dangerous algae blooms [70]
Implementation gaps between central policy and local governance [82]. -3
Total Net Score = +13 + (—11) = +2 Baseline =5 Score = +2 +5=7 7
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Dimension So Description of Referenced Element Sret
(1-10) (—5to +5)

Inter-provincial transfers, poverty focus but limited procedural equity, Poverty alleviation 4
explicitly integrated into ecological restoration programs [66]
Limited procedural equity; communities excluded from major decisions, Urban populations

Equity Approach 5/10 benefit disproportionately from water quality [73] 3
Need to develop a stronger eco-compensation system to maintain living standards [77], —4
Households with lower incomes receive no additional benefits from PES [80]. -3
Total Net Score = + 7 + (—7) = 0 Baseline =5 Score=0+5=5 5
Yangtze River Basin Authority with legal supremacy over provincial regulations, unprecedented 4
coordination power [66]
Strong vertical accountability: China’s River Chief System (RCS) encourages cross-border

Institutional 6/10  cooperation; enhanced accountability mechanisms through collaborative water governance [86] 3

Integration Long-term planning horizons (to 2035 and 2050) with 5-year implementation cycles [77] 1
Bureaucratic complexity slows some implementation despite strong coordination [87] —4
Local governments sometimes prioritize growth over environment despite central directives [87] -3
Total Net Score = + 8 + (—7) = +1 Baseline =5 Score =+1 +5=6 6
Innovative PES: downstream provinces pay upstream for conservation; billions transferred [88] 4
Innovative PES, multi-level investment but subsidy sustainability, Multi-level public investment; 25
central-provincial-local cost-sharing [89] '

Economic Emerging green finance: environmental rights trading, green credit programs [90] 15

Mechanisms 6/10 Ecological compensation addresses inter-regional equity [71] 1
After subsidies expire, the sustainability of the PES is uncertain, it depends on 4
government commitment [91]
Market mechanisms nascent and incomplete; price signals distorted by intervention [87] —4
Total Net Score = + 9 + (—8)= +1 Baseline =5 Score = +1 +5=6 6

Appendix B.5. Overall India’s Watershed Programs Assessment Summary Ethical Principles
Dimension 5o Description of Referenced Element Snet
(1-10) (=5 to +5)

Community resource rights let communities manage shared property in program design [92] 4
Women’s property rights strengthened through joint ownership of water structures [93] 3.5
Scheduled Caste/ Tribe rights explicitly protected through mandatory representation [94] 2.5
Project efforts built consensus on local priorities, “democratizing” resource access and ensuring

Rights-B.ased 8/10  equitable benefit sharing [95] 2

Integration Landless populations’ rights limited; major benefits accrue to landowners [96] —4
No explicit human right to water framework; programs focus on resource management rather 3
than rights entitlements [97]
Women’s knowledge often marginalized despite formal inclusion [93]. -2
Total Net Score = +12 + (—9)= +3 Baseline =5 Score = +3 +5=8 8
Mandatory inclusion of marginalized castes addresses historical discrimination [93] 4
Common property benefits (grazing, fuel wood) accrue to landless and poor [98] 4
Community-led planning with genuine decision-making authority; PRA methods 1
ensure voice [97]

Justice Integration 8/10  Traditional water harvesting knowledge explicitly valued and integrated with 1
scientific approaches [99]
Irrigation benefits concentrate among landowners despite broader livelihood programs [92] —4
Women’s knowledge often marginalized despite formal inclusion [93]. -3
Total Net Score = +10 + (—7)= +3, Baseline = 5, Score = +3 + 5 =8 8
Soil and water conservation explicitly frames decisions around sustaining resources for 4
future generations [95]
Groundwater recharge builds long-term water security rather than mining resources [100] 3

Intergenerational Agroforfestry .s.ystems can significantly contribute to improving livelihoods and By

Equity 7/10 economic resilience [101]
Community institutions designed for long-term resource stewardship beyond project period [92] 1
Post-project sustainability uncertain; dependence on external support risks collapse [36] —4
Climate adaptation planning limited; vulnerability to changing rainfall patterns [102]. —4
Total Net Score = +10 + (—8) = +2, Baseline =5, Score =+2 +5=7 7
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Dimension So Description of Referenced Element Sret
(1-10) (—5to +5)
Traditional ecological knowledge integrated with scientific approaches; holistic 4
watershed thinking [99]
Ridge-to-valley treatment respects hydrological processes; works with nature [95] 4
Documented environmental improvements: groundwater recharge (2-6 m), reduced erosion 25
. . (50-90%), vegetation recovery [100] ’
Ecological Integrity 7/10 Biodiversity enhancement through native plantings and grazing management [98]; 2
Upstream interventions, particularly those related to rainwater harvesting (RWH) and
watershed management, can sometimes reduce downstream flows; This is a critical —3.5
consideration in water resource management, especially in regions facing water scarcity [103]
Agricultural intensification increases chemical inputs; pollution concerns [95]. -3
Total Net Score = +8.5 + (—6.5) = +2, Baseline = 5, Score =+2 + 5=7 7
Appendix B.6. Overall India’s Watershed Programs Assessment Summary
Governance Frameworks
Dimension So Description of Referenced Element Snet
(1-10) (—5to +5)
Community-led governance; watershed committees have genuine 4
decision-making authority [97]
Mandatory inclusion: reserved positions for Scheduled Castes/Tribes, women, landless [93] 3
PRA (Participatory Rural Appraisal) methods ensure local involvement in planning [104] 2
Stakeholder 9/10 Women'’s self-help groups provide dedicated platforms for female participation [105] 1
Participation Extensive capacity building: training in planning, finance, conflict resolution [98] 1
Elite capture persists; dominant castes/landowners marginalize vulnerable groups despite 4
formal inclusion [94]
Sustaining participation difficult after external support ends [36] -3
Total Net Score = +11 + (—7) = +4, Baseline = 5, Score = +4 +5=9 9
Traditional water harvesting integrated with modern techniques; respects 25
indigenous knowledge [99] ’
Documented groundwater recharge (2-6 m rises), erosion reduction (50-90%), ’
vegetation recovery [100]
Ridge-to-valley treatment respects hydrological processes; soil-water conservation [95], 2
Environmental 6/10 Biodiversity enhancement through native plantings, grazing management [98] 1
Focus Climate resilience: multiple water sources, improved retention reduce 1
drought vulnerability [102]
Downstream impacts inadequately considered; upstream interventions sometimes reduce 4
downstream flows [103]
Chemical inputs increase with agricultural intensification; pollution is a concern [94]. -35
Total Net Score = +8.5 + (—7.5) = +1, Baseline = 5, Score =+1 +5=6 6
Mandatory caste/class/gender representation addresses India’s entrenched hierarchies [93] 4
Women’s SHGs create economic empowerment; joint ownership strengthens 35
women’s rights [105] ’
Landless provisions: employment, common property access, non-land livelihoods [96] 2.5
Equity Approach 8/10 Small/marginal farmers pri(?ritized; poverty targe?ting if1 poorest regions [95]. 2.5
Documented poverty reduction (20—40% rate declines); improved food security [100] 1.5
Elite capture; dominant castes control committees despite formal inclusion [94] —4
Irrigation benefits concentrate among landowners; distributional gaps persist [92] —4
Cultural barriers limit women’s participation despite formal mechanisms [93]. -3
Total Net Score = +14 + (—11) = +3, Baseline =5, Score =+3 +5=8 8
Panchayats, three-tier structure, provides democratic decentralization [106] 3
NGOs serve as effective intermediaries; provide technical support and flexibility [36] 2
Hybrid government-community institutions combine resources with local ownership [97] 1.5
Institutional Farmer-to-farmer networks facilitate horizontal scaling [98] 1.5
Integration 6/10 Policy integration across states enables replication with local adaptation [92] 1
Limited sectoral integration; agriculture, forestry, water departments often siloed [96], —35
Program fragmentation creates coordination challenges [94] —-2.5
Weak basin-scale coordination; individual watersheds lack larger hydrological coherence [103] -2
Total Net Score = +9 + (—8) = +1, Baseline =5, Score=+1 +5=6 6
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Dimension So Description of Referenced Element Sret
(1-10) (—5to +5)
Livelihood diversification: livestock, horticulture, microenterprises address multiple 25
poverty dimensions [95] '
Documented income increases; employment generation [100] 2.5
Microfinance linkages through women’s SHGs; reduced exploitative lending [93] 2
. The government and NGOs provide the majority of funding, with a small portion of the
Economic o . L 1.5
B 5/10 contribution coming from local communities [35]

Mechanisms Market connections improved; collective marketing reduces intermediary exploitation [92] 1
Limited cost-recovery mechanisms; sustainability uncertain after project funding ends [96] -35
There is a concentration of benefits among landowners; landless people receive fewer benefits 3
beyond employment [94]
No payment for ecosystem services; downstream beneficiaries don’t contribute [92]. -3
Total Net Score = +9.5 + (—9.5) = 0, Baseline =5, Score =0+ 5=5 5

Appendix B.7. Overall California SGMA Assessment Summary Ethical Principles
Dimension So Description of Referenced Element Snet
(1-10) (—5 to +5)

Human right to water explicitly recognized in California law [107] 35
SGMA must protect domestic wells [108] 2.5
Environmental flow rights legally protected; interconnected surface water protections [39] 15

Rights-Based 7/10 Disadvantaged community rights to participation and protection legally mandated [109] 1

Integration Property rights balanced with sustainability requirements; public trust doctrine applied [38] 0.5
Agricultural pumping rights only gradually restricted; existing users protected [40] —4
Implementation timeline (20 years) delays rights realization [110] -3
Total Net Score = +9 + (—7) = +2, Baseline = 5, Score = +2 + 5 =7
Disadvantaged community protections ensure equitable access to water resources [109] 3
Domestic well mitigation programs address distributional impacts [108] 2
Legal mandates for inclusive participation; public notice, comment, hearings required [38] 1.5

Justice Integration 7/10 Technical assistance and facilitation for disadvantaged communities [109] 1
Scientific knowledge and local experience both valued in plan development [111]; 1
Large agricultural operations maintain disproportionate influence; small farmers burdened [112] —-35
Indigenous water knowledge underrepresented despite tribal presence [38] -3
Total Net Score = +8.5 + (—6.5) = +2, Baseline =5, Score =+2 +5=7
Sustainability as explicit legal mandate; must achieve sustainability within 20 years [38] 5
Comprehensive monitoring ensures accountability to future generations [111] 3
Climate adaptation required; plans must account for future conditions [113] 2

Intergenerational 9/10 Adaptive management provisions enable adjustment as knowledge evolves [38], 15

Equity Managed aquifer recharge invests in future storage capacity [110] 15
Interim period (2015-2040) allows continued overdraft; costs imposed on future [40] -5
Insufficient funding for long-term monitoring and implementation [109] —4
Total Net Score = +13 + (—9) = +4, Baseline =5, Score = +4 +5=9 9
Ecosystems recognized as legitimate water users; interconnected surface water protections [39] 4
Six sustainability indicators include ecosystem metrics (GDEs, surface water depletion) [38] 3
Comprehensive monitoring of groundwater-dependent ecosystems required [111] 1

Ecological Integrity 8/10 Environmental flow allocations legally mandated before extractive uses [39] 1
Climate-ecosystem interactions explicitly considered in planning [113] 1
Variable environmental protection across GSAs; some minimum thresholds insufficient [108] —4
Implementation capacity constraints may compromise ecosystem outcomes [110] -3
Total Net Score = +10 + (—7) = +3, Baseline = 5, Score = +3 + 5= 8 8
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Appendix B.8. Overall California SGMA Assessment Summary Governance Frameworks
Dimension So Description of Referenced Element Snet
(1-10) (—5to +5)
Legal mandates for inclusive participation; public notice, comment, hearings required [38] 3
Diverse representation requirements: agricultural, municipal, industrial, environmental, ’
disadvantaged communities [108]
Disadvantaged community (DAC) provisions: facilitation funding, technical 15
Stakeholder 7/10 assistance, translation [109] ’
Participation Transparency requirements: public data portals, annual reports, 5-year assessments [111] 15
Collaborative GSP development through multi-stakeholder negotiation [110] 1
Technical complexity creates barriers for non-expert stakeholders despite capacity-building [38] —4
Power imbalances: well-resourced agricultural/municipal interests dominate [40]. -3
Total Net Score = +9 + (—7) = +2, Baseline =5, Score = +2 +5=7 7
Six sustainability indicators include ecosystem metrics; comprehensive framework [38] 4
Ecosystems recognized as legitimate water users; interconnected surface water protections [39] 3
Environmental flows legally mandated before extractive uses [108] 25
Environmental Comprehensive monitoring of groundwater-dependent ecosystems required [111] 15
Focus 8/10 Climate adaptation mandatory; plans must incorporate changing conditions [113] 1
Variable environmental standards across GSAs; some minimum thresholds insufficient [39] -3
Long implementation timeline allows interim degradation [40] -3
Funding constraints may compromise ecosystem restoration [110] -3
Total Net Score = +12 + (—9) = +3 Baseline =5, Score =+3 +5=8 8
Disadvantaged community protections legally mandated; technical assistance, facilitation, 3
well protection [109]
Domestic well user protections; mitigation programs when wells fail [108] 2
Procedural equity: legal requirements ensure diverse voices; translation, accessible meetings [38] 1.5
Equity Approach 7/10 Environmental justice integration; DAC vulnerability explicitly addressed 1
(Escriva-Bou et al., 2020 [109])
Small farmer assistance provisions; recognition of adaptation burden [110] 1
Pumping restrictions may disproportionately burden small farmers lacking capital [108] —3.5
Capacity constraints limit meaningful participation despite support [109] -3
Total Net Score = +8.5 + (—6.5) = +2, Baseline = 5, Score =+2 + 5=7 7
Subsidiarity principle: local primacy with state backstop; balances flexibility 3
and accountability [38]
Multi-level structure: local GSAs, regional coordination, state oversight [109] 3
Long-term planning (20 years) with 5-year milestones; adaptive management [38], 3
Institutional 8/10 Statewide data portal centralizes information; enables learning across basins [111], 2
Integration Surface water—groundwater integration requirements in GSPs [39] 2
Fragmentation where multiple GSAs exist; coordination challenges despite requirements [108], —4
Limited integration with land use planning; local governments control development [110] -3
State capacity limited to oversee GSAs and plans [40] -3
Total Net Score = +13 + (—10) = +3, Baseline =5, Score =+3 +5=8 8
Flexible implementation tools: water markets, managed aquifer recharge (MAR), 35
fees, allocations [109] ’
Water markets with environmental/equity safeguards; trading within sustainability limits [114] 3
Economic 8/10 MAR Incentives: tax credits, streamlined permitting, cost-sharing [110] 2
Mechanisms Market mechanisms enable least-cost sustainability achievement [114] 1.5
High implementation costs; fiscal burden [110] —4
Agricultural resistance to fees and pumping restrictions [40] -3
Total Net Score = +10 + (—7) = +3, Baseline = 5, Score = +3 + 5= 8 8
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