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Abstract. Water resource management is a core economic issue, combining public goods
characteristics with significant externalities. In California, prolonged droughts and climate change
have intensified competition among agricultural, urban, and ecological water uses, making the
economic evaluation of water protection policies increasingly important. This paper employs a
narrative literature review of environmental economics research published between 2010 and 2024,
focusing on valuation methods, policy assessment tools, and their implications for decision-making.
Existing studies primarily rely on revealed preference approaches (e.g., hedonic pricing), stated
preference methods (e.g., contingent valuation), and meta-analyses to estimate the economic
benefits of water quality improvement and resource protection, while policy case studies are
commonly used to evaluate the cost-effectiveness of management strategies. The review identifies
broad consensus that improvements in water quality generate substantial economic benefits, some
of which are capitalized into property values. However, valuation results vary significantly across
regions and water body types, limiting the reliability of benefit transfer. Moreover, non-market values
remain systematically underrepresented in applied policy assessments. Policy-oriented studies
suggest that upstream water protection and water reuse strategies generally offer higher long-term
cost-effectiveness than post-pollution control measures. These findings highlight the need for multi-
criteria evaluation frameworks that integrate both market and non-market values. To bridge these
gaps, future research should prioritize dynamic evaluation frameworks that integrate groundwater
shadow pricing and stochastic climate modeling, thereby ensuring robust water management
decisions under increasing environmental uncertainty.
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1. Introduction

1.1. Theoretical Foundation and Context

Water resource management is a long-standing key issue concerning environmental economics.
As a classic case of a public good, the water resource exhibits strong externalities, which cannot be
effectively allocated through a market mechanism [1-3]. As emphasized by Pascual et al. [1],
recognizing the diverse values of nature is essential for overcoming the limitations of traditional
market-centric management. Because the benefits of a better environment, namely improvements in
water quality and ecosystem conservation, cannot be properly valued through market prices, this
situation is likely to increase the risk of resource overuse as well as environmental degradation [4].
Under such a background, intervention policies by a government have become a significant approach
to reach a sustainable level of management concerning water resource management, where the
formulation of policies, as well as the assessment of policies, is closely linked to a scientific valuation
of their value.

With the worsening situation of climate change and increasing uncertainty of water supply and
demand, the economic costs of choices made in water resource management policies are also
increasingly intricate. On one hand, water quality management, protection of water sources, and
ecological restoration are believed to have strong social and ecological values; on the other hand, in
reality, such policies involve relatively high initial investment costs, and their economic rationality
and cost-effectiveness also attract much attention in management decision-making [5]. Thus, in recent
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years, how to economically assess the benefits and costs of water resource protection policies has
become a shared concern in academic circles and management practices.

Within this general context, the case of California presents a very typical scenario for the study of
economic issues related to water resources. Being one of the states with the largest number of
inhabitants and economic scales in the United States, the allocation of water resources in California
is very imbalanced, with a history of rivalry between agriculture, urban, and ecosystem uses,
respectively. Furthermore, the regular occurrence of drought instances, let alone the influence of
climate change, has even more conspicuously pronounced the institutional dilemma with regard to
the economics of the management of water resources [6-7]. Notably, recent empirical evidence
indicates that extreme drought has driven marginal water prices in California to historical highs, often
exceeding $480/acre-foot, which underscores the urgent need for robust economic valuation in policy
design [8].

1.2. Research problems

Despite the current quantity of literature related to the economic value of water resources and the
study of policy evaluation, there are still some gaps limit practical application. First of all, the
literature tends to focus more on the economic impacts that can be seen within market action, while
devoting less attention to the economic value of the water resource that will not be seen within the
market action. This oversight leads to what Pascual et al. describe as a 'valuation gap,’ where the
intrinsic and relational values of ecosystems are systematically excluded from policy design [1].
Secondly, within the economic implications of groundwater resource management and long-term
strategies related to total water resources, the quantity of literature related to the issue was still quite
narrow in terms of time dimension and economic costs. Thirdly, economic evaluations related to
different tools associated with the management of water resources are still scattered [4]. Overall,
existing studies are fragmented across valuation methods and policy contexts, limiting their
comparability and practical guidance for comprehensive water management decisions; this highlights
the need for an integrative review that synthesizes methodologies and policy insights into a unified
analytical framework.

These deficiencies make valuation results difficult to communicate at both the academic and policy
decision-making levels, thereby creating a need for this study to systematically examine the
applicability and limitations of different economic valuation techniques in water resource research.

Based on the issues identified above, this paper systematically investigates the methodologies used
to assess the economic benefits and efficiency of water resource protection policies. It further
evaluates the respective strengths and limitations of various economic valuation methods in capturing
the non-market value of water resources. Finally, the study identifies critical research gaps that
currently constrain the economic analysis and policy relevance of water resource protection efforts.
Consequently, the lack of methodological consistency and conceptual clarity across studies makes
valuation outcomes difficult to compare and limits their applicability in providing coherent and
reliable guidance for policy formulation.

1.3. Objectives of the study

This study aims to conduct a systematic review of the economic literature related to water resource
protection and management. Specifically, this article aims to: first, examine the evolution of
methodologies used to assess the economic value of water resources, integrating foundational
theoretical frameworks [9] with recent systematic reviews of water pricing and social valuation [4];
second, summarize the application characteristics and limitations of different economic valuation
methods in policy analysis; and third, identify unaddressed issues in the literature to provide a robust
reference for subsequent research and evidence-based policy formulation.
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1.4. Significance of the study

The main aspects where the contribution of this study can be perceived are literature integration
and comparison of methods. In terms of academic value, this article, through the process of
systematically categorizing the various methods of the study, can be deemed to have assisted in
promoting understanding regarding the similarities and differences associated with the economic
study of water resources [9-10]. On the policy front, this article, through systematically categorizing
existing methods, helps to promote understanding of the similarities and differences in the economic
study of water resources [7].

1.5. Overview of the paper structure

The structure of the remaining part of this article is arranged as follows: The second part conducts
a systematic review of the relevant literature on water resources economics; The third part introduces
methods of literature retrieval and analysis; The fourth part integrates the main research findings and
discusses their policy implications; The fifth part conducts a comprehensive discussion on the
research results and points out the research limitations and future research directions. The sixth part
summarizes the full text.

2. Literature Review

This study systematically reviews the research related to water resource protection and
management by integrating the existing economic literature, with a focus on the economic valuation
methods of water resources, policy evaluation, and the practical significance of these studies in water
policy decision-making [9]. This paper does not conduct a new empirical analysis. Instead, it provides
a theoretical and methodological background for the research perspective of this paper by sorting out
and evaluating existing studies, summarizing the mainstream research paths, core conclusions, and
still controversial or insufficient aspects.

2.1. Overview of Empirical Valuation Studies

In the empirical research area, it has been relatively consistently agreed upon within the academic
community that the environmental benefits brought about by improvements in water quality will be
capitalized systematically into an increase in real estate prices [3, 10]. Based on the results of
empirical studies in various regions of the United States and national meta-analyses, it is generally
found that there is a stable positive correlation between water quality and the prices of surrounding
housing, indicating that the housing market can reflect, to some degree, residents' willingness to pay
for improvements in the water environment [10]. However, the disputes in the relevant literature
mainly focus on the heterogeneity of the valuation results. It has been found that under different types
of water bodies, different spatial scales, and different market conditions, there are significant
differences in price premiums corresponding to improvements in water quality [3]. This heterogeneity
suggests that although hedonic pricing has a strong empirical basis for identifying the economic value
of water quality, policy applications depend highly on regionally specific market structures and
institutional backgrounds. Therefore, extra caution is needed when cross-regional policy evaluation
is conducted [4].

2.2. Identification Methodological and Policy Gaps

Despite the existing relevant studies having yielded ample empirical evidence for the value for
money of water resources, there are still some crucial gaps that in current studies. Firstly, the
variations in valuation outcomes among studies are major sources of uncertainty in undertaking
Benefit Transfer studies across regions [3, 4]. This is particularly so in areas whose water network
systems are intricate and involve diverse ecological settings, as this could form a direct threat to the
accuracy of Cost/Benefit Analysis.
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Secondly, whereas the importance of non-market value in the context of methodological research
in water resources policies is underlined again in the repeated literature [1, 10], owing to the
limitations in acquiring and valuing the data, in the actual scenario, the below-stated value is either
diminished or neglected. The potential risk in the decision-making zone is that the decision-makers
might become keener to adopt fiscal measures that are short-term and have improper long-term
benefits in the sense that they could potentially damage the net social welfare related to the
management of the resources [2, 11].

Furthermore, policy-oriented research rarely systematically discusses how different economic
valuation methods jointly affect policy evaluation results, especially in the context of rising climate
risks [8]. The disconnection between this approach and policies makes it difficult for existing research
to provide sufficient support for comprehensive water resource management decisions in the context
of rising climate risks and intensified multi-sector water use competition.

The assessment of water resources within this study is based on the Total Economic Value (TEV)
framework, which categorizes value into Use Value (including direct use like irrigation and indirect
use like ecosystem services) and Non-use Value (including existence, bequest, and option values).
This distinction is crucial because, as the review identifies, non-market non-use values are frequently
omitted in traditional cost-benefit analyses.

2.3. Relevance to Current Review

The research of this article is positioned at the intersection of the above three types of literature.
Unlike empirical studies that generate raw data, this paper explores how methodological limitations
shape the economic interpretation of water policies by integrating water resource economic valuation
methods and policy evaluation literature. This integrative analytical framework is particularly
applicable in California, where the institutional environment is complex and regional differences are
significant, and it helps to establish a clearer connection between economic theory and practical
policy design [6, 7].

3. Methodology

This study adopts the method of Narrative Literature Review to systematically sort out the
environmental economics literature related to water resource protection and management. This
research design aims to compare the applicability of various economic valuation methods in policy
analysis by integrating different research approaches and evaluation frameworks, and to identify their
limitations and potential biases in actual water resource decision-making. The selection process
ensures replicability and transparency in identifying relevant literature [4].

3.1. Research design

The literature search revolved around the theme of "Economic Evaluation of Water Resources
Policies". The search mainly relies on mainstream academic databases such as Web of Science,
Google Scholar and ScienceDirect, and the search time range is set from 2010 to 2024.

The search keywords include: water resource policy, water quality valuation, hedonic pricing,
contingent valuation, cost-benefit analysis and California water management. In addition, the
research also referred to the official technical reports released by the US Environmental Protection
Agency (EPA) and the California Department of Water Resources (DWR) [6] to ensure the depth of
analysis and policy relevance of the review content.

3.2. Inclusion and Exclusion Criteria

The data used in this study are entirely derived from existing research. The inclusion criteria for
the literature are as follows: (1) the study must explicitly adopt environmental economics approaches
(such as explicit preference methods or declarative preference methods) for value assessment or
policy analysis [9]; (2) the research topic must be directly related to the protection, utilization, or
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management of water resources; and (3) the methods, assumptions, and conclusions of the study must
be clearly stated and interpretable. The exclusion criteria include purely critical or conceptual papers
lacking methodological descriptions, as well as studies with limited relevance to the economic
analysis of water resource policies.

3.3. Data Analysis and Synthesis Techniques

All data analyzed in this study are drawn from the existing literature. The selected studies are
synthesized through qualitative comparison of their valuation methods, analytical frameworks, and
policy evaluation approaches [4]. Specifically, the analysis focuses on how different economic
methods are applied to assess the value of water resources, water quality, and related policy
instruments, and how methodological choices influence policy conclusions. Studies that do not
provide sufficient methodological transparency or that have weak relevance to water resource
economic analysis are excluded from the synthesis.

3.4. Ethical considerations (if applicable)

As this study is entirely based on published public literature and does not involve the collection of
human subjects or original personal data, there is no ethical risk in the traditional sense of research.
Relevant issues of social equity and distributive justice (such as water price fairness) will be analyzed
as part of the policy evaluation in the discussion section [11].

4. Results

This section emphasizes the key findings of the review and examines their implications for value
theory and policy. Through systematic integration of conclusions from existing studies [3, 4, 10], it
identifies areas of consensus, major divergences, and the economic and policy implications of water
resource protection policies.

4.1. Presentation of key findings

(1) Consensus on the value of the capitalization of water quality and the difference in heterogeneity
Consensus among existing literature includes that the improvement in water quality has proven to
have great economic value and can be capitalized into the increased value of real estate. Various cases
have proven that the optimal value of the nearby water quality directly contributes to the increased
premium of the real estate [9]. The variation among the various studies would primarily appear in the
non-homogeneous value of the “premium range”. Based on the meta-analysis, the varying types of
water (like rivers and lakes), and the varying maturity of the markets within the region, the “benefit
transfer” often creates deviations in the analysis of the cost and benefit analysis. Policymakers must
distinguish between the exchange value (market price) and the social use value of water. Integrating
these dimensions into a unified accounting framework is critical for avoiding the systematic
undervaluation of ecosystem services [4].

Policy Implications: Policymakers must monitor national averages of valuations. They must set
parameters on local markets in the formulation of water plans for particular regions, including the
Central Valley in California [11].

(2) The Importance of non-market value and the Limitations of Quantitative Methods The
literature agrees on the essence of non-use value, namely biodiversity and the value of
intergenerational equity, being a crucial part of the TEV of water resources [2]. In measuring the
mentioned value, contemporary pluralistic valuation frameworks highlight that while the Statement
Preference Method remains critical, it must be integrated with broader socio-ecological assessments
to capture the full spectrum of nature’s contributions to people [1]. The area of controversy,
nevertheless, regards the reliability of the information, since the presence of hypothetical biases gives
a secondary status to the mentioned “soft values” in real-life decisions [9].
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Policy implications: When assessing policies in the future, it is essential to try to cross-validate
“willingness-to-pay survey data” and “actual behavior data” to improve the recognition of values that
are no longer valued in the market within the legal and budgetary levels.

(3) Long-term cost advantages of preventive management strategies A consistent finding across
case studies is that upstream water protection and water reuse strategies tend to be more cost-effective
in the long run than downstream treatment [12]. Empirical analyses highlight the importance of
comprehensive planning under climate-related risks, such as recurrent droughts in California [6, 7].
Ruegg et al.: Noted that comprehensive planning was necessary because of environmental
uncertainties and California's drought patterns. Cassano-Wright Proposal [5]: Advocated for
preventive approaches to ensure greater resilience under conditions of long-term climate uncertainty.

(4) Multi-objective trade-offs brought about by institutional complexity California's empirical
evidence shows that while the trend of water policy has shifted from a single "water supply project"
to a multi-objective synergy of "ecological-social-economic", literature reveals that short-term cost-
benefit calculation cannot capture the hidden benefits that come from long-term institutional
coordination [6, 11].

Policy implications: It is recommended that, in the assessment of major projects of water
conservation, such as the California water Conveyance project, the multi-criteria decision analysis
method be incorporated, rather than the current reliance on the sole monetization criterion.

5. Discussion

5.1. Economic Interpretation of Core Findings (Synthesis and Interpretation)

This review reconfirms that water resource protection generates pronounced capitalization effects
and long-term cost advantages [9]. From an economic perspective, the externalities associated with
water environmental quality are partially internalized through property markets and through fiscal
savings arising from avoided remediation costs [3, 12]. Differences observed between revealed
preference and stated preference approaches do not represent methodological inconsistency, but
rather reflect their focus on distinct dimensions of value: the former emphasizes observable, current-
use values, while the latter captures social willingness to pay for future ecological security. This
complementarity provides a theoretical basis for developing a more comprehensive water resource
accounting framework [2].

5.2. Discussion on Methodological Implications of Evaluation Methods

Compared with previous literature focusing on single methods, this paper highlights that
"situational dependence" may be an important driving factor for valuation results. The revealed
heterogeneity in valuation does not mean a research mistake but reflects the true features of regional
economic structure, water resource scarcity, and institutional setting [4]. In this sense, simple Benefit
transfers have a relatively high probability to fail when being applied in a complex system such as
California. The core meaning of the discussion is that policymaking shall not seek a single "standard
valuation" but needs to develop a dynamic assessment framework that deals with divergent benefits
related to different policy instruments-such as protective inputs and reuse projects-at different spatial
scales [5, 12].

5.3. Limitations Analysis

The limitations of this review largely lie in systematic distortions in the literature itself:
Asymmetry in the dimensions of valuation: The current state of existing literature focuses much more
on the valuation of surface water resources than groundwater resources, potentially causing drastic
“value omissions” in the evaluation of policy in groundwater-dependent areas such as California [11].
Methodological lag: The current literatures of all reviews tend to be based on static economic models,
making it difficult to measure completely the nonlinear effects of “long-tail risks” such as the impact
of extreme drought caused by climate change on the value of water resources [7]. Lack of
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interdisciplinary integration: The degree of coupling of economic valuation and hydrological models
still has a great improvement space [6].

5.4. Future Research Directions

Based on these gaps, future research could advance in several directions. Greater attention should
be given to groundwater-related policy evaluation, including the development of economic
assessment models for managed aquifer recharge and similar interventions [11]. Climate-related
uncertainty should be more explicitly addressed through stochastic modeling or real options analysis,
in order to capture the insurance value of water protection policies under extreme events [8]. In
addition, the predictive reliability of benefit transfer could be improved by constructing higher-
resolution meta-regression databases that account for key drivers of valuation differences, such as
population density, water rights regimes, and institutional settings [3, 4]. Specifically, future studies
should evaluate the scalability of Recharge Net Metering (ReNeM). As a novel financial instrument,
ReNeM aligns private land-use incentives with public groundwater sustainability goals, effectively
addressing the collective action problem in aquifer management [12]. Furthermore, the application of
Real Options Analysis is recommended to quantify the 'insurance value' of preventive water
protection policies, providing a robust decision-making tool under escalating hydrological volatility

[7].

6. Conclusion

Based on a systematic review of the literature on economic valuation of water resources and the
application of policy instruments, this study draws several conclusions. First, economic valuation
provides a scientific foundation for sustainable water resource management. Existing evidence shows
that improvements in water quality and source protection can generate tangible economic returns
through property value capitalization and cost savings, indicating that environmental protection and
economic objectives are not inherently conflicting but can be aligned through well-designed policies.
Second, valuation methods directly shape the scope and outcomes of policy analysis. Revealed
preference approaches are more robust in capturing market-related values, while stated preference
methods remain indispensable for assessing non-use values; reliance on a single method is therefore
likely to result in systematic underestimation of total value. Finally, evidence from California
suggests that policy effectiveness depends not only on technical instruments, but also on the capacity
to manage institutional complexity and climate risk. Given persistent gaps in groundwater valuation
and uncertainties in benefit transfer, future policy-oriented research should place greater emphasis on
long-term risk management. Integrating economic valuation with water policy design can support
more defensible allocation decisions, enhance efficiency, and contribute to broader goals of water
security and ecosystem resilience under climate change.
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