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EXECUTIVE SUMMARY 

“The Sustainable Groundwater Management Act Governance Conference: Research and 
Practice”, held at the UC Davis in February 2018, assembled 55 social science researchers 
as well as practitioners from across the state to discuss the ongoing implementation of 
the Sustainable Groundwater Management Act (SGMA). The California Legislature 
passed SGMA in 2014.  SGMA required the formation of new groundwater sustainability 
agencies (GSAs) by June 2017 in order to develop and implement Groundwater 
Sustainability Plans (GSPs) for 127 medium- and high-priority groundwater basins by 
2020 and 2022. With such a large task at hand, and given the importance of groundwater 
to California’s public health, environment, and economy, strengthening collaboration 
across research teams as well as between researchers and practitioners is crucial to 
increasing the capacity for learning about governance processes and to bridging the 
science-policy divide in order to support the creation of effective governance institutions.   

The goals of this report are to synthesize key lessons learned about SGMA at the nexus of 
research and practice, and to create a roadmap and research agenda going forward. 
Sharing information and knowledge among research teams enables a comparative 
perspective that cannot be achieved by one team alone. Furthermore, perspectives from 
practitioners inform research directions, focus attention on relevant issues and 
knowledge gaps, and build relationships among the SGMA community for more 
collaborative applied research. 

Conference discussions focused on discovering what has been learned in the first three 
years of SGMA implementation and GSA development, identifying high priority questions 
for the next stage of GSP development, sharing research methods, and coordinating 
research activities. 

Conference activities were guided by the following questions:  

● What are the drivers of cooperation and meaningful stakeholder engagement? 
● What are the range of institutional structures for GSAs and GSPs, and how 

effective are they? 
● What is being done to ensure effective representation of disadvantaged 

communities (DACs)?  
● What is the role of facilitation and leadership? 

 
Here, we summarize the Conference proceedings. Further details are located in the full 
report. 
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Common Governance Research Themes: The SGMA research being conducted by in- 
and out-of-state research teams can be categorized into five common themes: (1) resource 
economics, (2) institutional design, (3) intersections between natural and social sciences, 
(4) stakeholder perceptions, and (5) inclusion of underrepresented groups. Mixed-
method approaches, as well as information sharing among participating institutions, were 
emphasized as critical to advancing research on SGMA, GSAs, and eventually, GSPs.   

Practitioner “Fishbowl”: The practitioner perspective on research focused on practical 
tools and examples of how to effectively implement SGMA requirements. Practitioners 
described four key challenges to implementation, including time constraints, the 
disjuncture between formal requirements and informal norms, meeting requirements on 
DACs and The Human Right to Water (AB 685), and linking SGMA to other water 
management processes. Practitioners also stressed research needs in three main areas, 
including models of collaboration, stakeholder representation, and DAC and tribal 
engagement.   

Summary of Roundtables: Four roundtables were organized to allow participants to 
dive deeper into particular topics; they are summarized as follows. 

(i) Drivers of cooperation: Participants discussed several challenges to cooperation, 
identifying important questions such as whether stakeholders spend the time 
upfront to work out coordination challenges in the GSA or later during GSP 
development. Participants also identified drivers of stakeholder cooperation 
and participation, including outreach, facilitation services, transparency, strong 
leadership and organization, and existing social capital.  
 

(ii) Diversity of institutional arrangements: GSA and GSP processes involve a 
variety of formal and informal governance structures for coordination and 
collective decision-making. These include repackaging other water institutions 
into GSAs, Joint Powers Agreements (JPAs), Memorandums of Understanding 
(MOUs), Special Act Districts, informal coalitions among farmers and other 
groups, among other arrangements. Importantly, participants suggested that 
participation from DACs, private pumpers, and others does not necessarily 
correspond with decision-making authorities.  
 

(iii) DAC representation:  Workshop participants identified challenges facing DACs 
and described several avenues to support DAC participation. These avenues 
include promoting early outreach and engagement, encouraging transparency, 
outsourcing outreach to local community organizations, and partnering with 
public service research organizations. Participants also noted that while the 
inclusion of disadvantaged communities is an explicit criteria in SGMA, 
theoretical and empirical knowledge on power asymmetries between 
stakeholders is underdeveloped in water governance research. In addition, 
participants emphasized the role of state agencies as well as the need to 
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consider how groups other than DACs might be excluded from SGMA 
processes. Given the barriers that DACs and other communities face to 
meaningful participate in SGMA, research in these areas is needed. 
 

(iv) Facilitation and leadership: Participants described the pivotal role facilitators 
play in SGMA; among other tasks, they help GSAs define and resolve problems 
and also act as brokers between technical information and policy requirements. 
However, participants also discussed facilitators limitations, including their 
lack of authority to intervene or make decisions. Ultimately, the local leaders 
who participate in SGMA develop and implement agreements. Relatedly, since 
facilitation is temporary, participants emphasized the need to develop local 
stakeholders’ leadership, conflict resolution, and management skills. Overall, 
facilitation is perceived as a complement to local leadership. 

Takeaways and next steps: Main takeaways from the meeting include an appreciation 
of the value of social science approaches in addition to the biophysical and hydrological 
components of groundwater governance. Participants also emphasized the value of 
comparative and temporal perspectives, and the importance of regular and effective 
communication between researchers and practitioners during the research process. 

In addition, participants emphasized the need for researchers to demonstrate how 
theoretical frameworks within these themes translate into practical and actionable 
recommendations for SGMA implementation. Similarly, researchers need to identify ways 
to effectively share research results and lessons learned with policy and practitioner 
communities on an ongoing basis. The benefits of connecting researchers with 
researchers and researchers with practitioners was reiterated throughout Conference 
discussions.  

Future research questions: Broadly, participants identified research questions in three 
broad themes, including: (i) outreach, engagement and cooperation, (ii) institutional 
effectiveness and (iii) socio-hydrology connections. 
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GLOSSARY 

SGMA 
Sustainable Groundwater Management Act 

GSA 
Groundwater Sustainability Agency 

GSP 
Groundwater Sustainability Plan 

DWR 
Department of Water Resources 

DAC 
Disadvantaged Community 

JPA 
Joint Powers Agreement 

MOA 
Memorandum of Agreement 

MOU 
Memorandum of Understanding 

State Board 
State Water Resources Control Board 
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INTRODUCTION 

Given the “The Sustainable Groundwater Management Act Governance 
Conference: Research and Practice”, held at UC Davis in February 2018, assembled 
55 social science researchers as well as practitioners from across the state to 
discuss the ongoing implementation of the Sustainable Groundwater Management 
Act (SGMA). The California Legislature passed SGMA in 2014.  SGMA required the 
formation of new groundwater sustainability agencies (GSAs) by June 2017 in order 
to develop and implement Groundwater Sustainability Plans (GSPs) for 127 
medium- and high-priority groundwater basins by 2020 and 2022. As part of its 
authorizing statutes, SGMA assigns different roles to existing levels of government 
and particularly the State Department of Water Resources (DWR), the State Water 
Resources Control Board (State Board), local agencies, and counties related to GSA 
formation. 

With such a large task at hand, and given the importance of groundwater to 
California’s public health, environment, and economy, strengthening collaboration 
across research teams as well as between researchers and practitioners is crucial to 
increasing the capacity for learning about governance processes and to bridging 
the science-policy divide in order to support the creation of effective governance 
institutions.   

Given the unprecedented magnitude of policy change catalyzed by SGMA, many 
research groups and institutions in California and elsewhere are interested in 
investigating GSA and GSP processes. The goal of this Conference was to assemble 
these research groups along with practitioners to discuss what has been learned so 
far, identify high priority questions going forward, share research methods, and 
coordinate research activities. Ongoing engagement with practitioners is crucial to 
inform the direction of the research, and to maximize quality and impact. At the 
same time, practitioners at the frontlines of SGMA implementation, are looking for 
feedback, input on their choices and the decisions local stakeholders are making, 
and informed lessons to facilitate SGMA’s implementation. In the best case, such 
discussions produce new synergistic thinking and activities that elevate the quality 
and usefulness of the research for all involved. 

The Conference was organized with the following structure: 1) short summaries of 
ongoing research from all teams; 2) a practitioner “fishbowl” focused on key 
challenges in SGMA implementation; and 3) facilitated “breakout tables” focused 
on the following four core questions: 
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● What are the drivers of cooperation and meaningful stakeholder 
engagement? 

● What are the range of institutional structures for GSAs and GSPs, and how 
effective are they? 

● What is being done to ensure effective representation of disadvantaged 
communities (DACs)?  

● What is the role of facilitation and leadership? 
 

This report summarizes the lessons learned from each of these activities and 
concludes with some thoughts about next steps.  Note that this report is not 
intended to be an exhaustive review or consider all aspects of SGMA that might be 
important. The examples are based on anecdotal cases provided by participants 
during the conference. Not all SGMA basins or stakeholder types were adequately 
represented, so the knowledge presented here is necessarily incomplete. Further 
research and communication with a more comprehensive set of stakeholders is 
crucial for refining these ideas, and others that may have been overlooked, bearing 
in the mind that new issues and themes will arise as SGMA continues 
implementation. The modest goal of this report is to take a first step towards 
synthesizing lessons on SGMA at the nexus of research and practice, and create a 
roadmap going forward. This report is posted in online to allow public comments, 
so that any SGMA stakeholders can dispute, correct, or elaborate on our findings.  

COMMON GOVERNANCE RESEARCH THEMES 

There were several overlapping research interests identified at the Conference, 
offering multiple opportunities for collaboration.  Here, we provide a broad 
summary of these overlapping themes; for more details on specific research 
questions or methodologies, consult the research summaries provided by each 
research group in the appendix and contact researchers for additional information.  

COMMON RESEARCH INTERESTS 

The five common themes among the researchers represented include: 

Theme Universities 

Resource Economics University of California, Berkeley; 
University of California, Davis; University 
of California, Santa Barbara 
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Institutional Design Stanford University; University of 
California, Berkeley; University of 
California, Davis; University of California, 
Santa Cruz 

Intersections between natural sciences and 
social sciences 

Stanford University; University of 
California, Berkeley; Texas A&M 
University 

Stakeholder perceptions and behavior Stanford University; University of 
California, Davis; University of California, 
Santa Cruz; University of Vermont 

Inclusion of under-represented groups University of California, Davis; University 
of California, Santa Barbara; University of 
California, Santa Cruz 

 

COMMON METHODOLOGIES 

Researchers shared their related efforts in structured reports. Many of the groups 
indicated they had or would be collecting data through stakeholder focus groups, 
interviews, and/or surveys.  Statistical modeling and spatial analysis also feature 
prominently in the work being done at different research institutions. This 
includes developing databases that quantify different aspects of GSAs and GSPs, 
some of which link with existing agency databases on water systems, groundwater 
basins, and communities. Conference discussions indicate that mixed-methods 
approaches are crucial for capturing more nuanced and historical details of SGMA 
implementation, alongside more systematic analyses drawn from quantitative 
data. Comparative analysis across groundwater basins is also important because it 
provides insights on what aspects of SGMA occur in all basins, versus what aspects 
vary across basins. Coordination in research implementation by participating 
institutions and their diverse methodological tools is crucial for facilitating 
comparative analysis across basins, GSAs and eventually GSPs. 
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PRACTITIONER “FISHBOWL” 

The “fishbowl” approach is designed to allow observers to witness the expansion of 
ideas that occurs within dynamic conversations with give and take over time. For 
the Conference, the practitioner fishbowl was an opportunity for researchers to 
hear what practitioners are working on, the challenges they are facing, and how 
ongoing and future research could facilitate their institution-building processes 
and fill their information needs. The practitioners were asked to reflect on current 
SGMA challenges and needed research. 

CURRENT SGMA CHALLENGES 
1. Time Constraints. SGMA has specific deadlines for the development of 

GSAs (due June 2017) and GSPs (due 2020 and 2022).  However, it often 
takes more time to develop the trust and collaboration needed for effective 
governance, especially in basins without a history and culture of 
cooperation.  Thus, many GSAs were established for “defensive” purposes by 
individual water agencies (“eligible entities”) seeking to protect their 
autonomy.  Distinguishing between basins that are making a good faith 
effort versus those that are employing delay tactics is a difficult task.  

2. Disjuncture Between Formal Requirements and Informal Norms. Related to 
time constraints is the potential disjuncture between formal SGMA 
requirements and what it takes to govern effectively. For example, effective 
collaboration requires trust and informal norms of reciprocity, which 
requires time to develop and are often outside of formal plan requirements.    

3. Meeting Requirements on Disadvantaged Communities and The Human 
Right to Water (AB 685). SGMA requires consideration of Disadvantaged 
Communities (DACs), but there are no explicit guidelines about how 
“consideration” should occur or what effective DAC engagement looks like. 
How GSAs will meet this requirement and what it will take to do so is 
therefore an important part of GSA and GSP development. Furthermore, 
California passed AB 685: The Human Right to Water in 2012, requiring 
state agencies to consider access to safe, clean, affordable and accessible 
drinking water in all relevant aspects of their work. It remains unclear how 
GSAs will meet this requirement. 

4. Linking SGMA to Other Water Management Processes. Many groundwater 
basins in California have already developed collaboration around the 
Integrated Regional Water Management (IRWM) program or other 
partnerships, in addition to other water policy venues in the state.  Other 
water planning processes may impact SGMA by shaping local relationships 
and capacity. SGMA has and will likely continue to impact these adjacent 
forums as well. 
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PRACTITIONER PERSPECTIVES ON NEEDED RESEARCH  
1. Models of Collaboration. Given the diversity of GSA structures and 

potential GSP agreements and plan elements, practitioners desire specific 
models for effective coordination. The importance of example agreements is 
already evident in SGMA, for example the circulation of model Joint Powers 
Agreements (JPA) and Memorandum of Understanding (MOU) agreements.   

2. Stakeholder Representation. A better understanding on who is really 
represented on GSA boards and how this composition translates as a 
practical matter for people under the jurisdictions of those GSAs Research 
in this area includes how GSA boards and committees are composed, as 
well as different types of voting rules.  

3. Effective DAC and Tribal Engagement. SGMA explicitly requires 
consideration of the interests of DACs and notification to Native American 
tribes, but there are no official guidelines on how to do either task.  Many 
SGMA actors are unfamiliar with effective DAC engagement strategies, and 
DACs inherently lack resources for participation. Research is needed to 
understand the best methods for increasing DAC engagement, as well as 
what DAC engagement means for SGMA implementation and their ability 
to achieve sustainability goals.   

SUMMARY OF ROUNDTABLES 

Roundtable sessions allowed participants to break out into smaller groups and dive 
deeper into conversation on four topics. Topics included (i) drivers of cooperation, 
(ii) diversity of institutional arrangements, (iii) DAC participation, and (iv) 
facilitation and leadership. 

DRIVERS OF COOPERATION 

Several challenges related to cooperation were identified at the Conference. First, 
SGMA engages a diverse range of stakeholder groups with different needs and 
capacities for engagement. Second, different aspects of SGMA may require 
different levels of participation in order to achieve meaningful engagement and 
effective groundwater management. For example, some stakeholder groups may 
only be interested in discussing fee structures, while others are more interested in 
monitoring and hydrological modelling. Third, SGMA does not provide detailed 
guidelines for stakeholder engagement. As a result, GSA notifications exhibit a 
diverse range of engagement strategies, some of which are very vague. Finally, 
SGMA does not provide a formal process to mediate inclusion of certain groups 
and complaints. Consequently, up until now, there have been a diversity of 
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outreach and engagement strategies across basins in terms of numbers of public 
meetings, topics discussed, and the timing of public meetings.   

The timing of participation was also discussed extensively. In particular, 
participants wondered whether stakeholders spend the time upfront to work out 
coordination challenges in the GSA, or later during GSP development. A clear 
research need that arose from this discussion was to better understand the 
diversity of outreach strategies, which initially could be done by analyzing the 
public comments submitted during the GSA and GSP process (now available on 
the SGMA portal).  

Drivers of cooperation discussed at the Conference included: 

1. Outreach. Stakeholder engagement begins with outreach, which is a 
requirement in SGMA. This means setting up an interested party list, 
making it available to all water users and local parties via a GSA website, 
and advertising and holding public meetings with full transparency (i.e. 
posting meeting minutes, agendas, and technical documents). Thus far, 
GSAs have implemented various levels of outreach. However, stakeholders 
were unsure about how to define and measure meaningful stakeholder 
engagement, and what tools and strategies are needed to achieve it. 

2. Facilitation. Professional facilitation services were provided on request by 
state agencies. In total, 39 basins received facilitation services for GSA 
formation while 12 basins received these services for development of 
coordinated agreements and GSPs. 

3. Transparency. Transparency requires providing clear information about the 
process of decision-making and opportunities for participation.  
Transparency can be a challenge for disadvantaged communities with less 
access to information and technical expertise.  For example, one tribal 
representatives at the workshop reported difficulties in figuring out which 
GSA authorities are in their basins and how to communicate with them. 
Transparency also decreases when there are many changes to program 
requirements or administrative procedures at the local or state levels.  

4. Strong Leadership and Organization: Leadership is a strong indicator of 
success for cooperation in the GSA formation process. Early self-
organization to proactively address the SGMA mandate has been essential 
for understanding the next steps in forming GSAs and including all 
interested parties in the conversation. Since SGMA does not provide a 
formal process for engagement and outreach of various communities, some 
GSAs have proven that effective engagement requires early collective 
strategies. For example, one GSA representative reported assembling a 
communications committee to figure out what stakeholder groups needed 
to be targeted for communication and how best to reach them. 
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5. Existing Social Capital: Some institutions or local leaders have more 
experience dealing with water management as a result of participation in 
IRWM or water organizations (i.e., water districts, irrigation districts) than 
others. Although experience facilitated leadership and early self-
organization, whether this kind of experience perpetuated existing power 
dynamics in water access and representation in GSAs is unclear. Conference 
participants reported that many stakeholders are not participating, yet the 
GSA is meeting its outreach and engagement requirements according to 
SGMA requirements (i.e., ‘checking the box’). 

DIVERSITY OF INSTITUTIONAL ARRANGEMENTS  

The GSA and now the GSP processes are witnessing various ways of forming 
formal and informal governance structures for coordination and collective 
decision-making. Some eligible agencies established their own individual GSAs, 
often early in the stages of GSA development processes, potentially as a “defensive” 
mechanism to protect their autonomy from other actors in a basin. In other basins, 
multiple eligible agencies joined together to form a multi-party GSA. Multi-party 
GSAs have employed several different types of governance structures to coordinate 
decisions across eligible agencies and other voting members. Such governance 
structures have taken the form of Joint Powers Agreements (JPAs), Memorandums 
of Understanding or of Agreement (MOUs or MOAS), and even Special Act 
Districts. Eligible agencies often share specific templates for these agreements 
among themselves. Sharing is also enabled by the statewide network of SGMA 
facilitators.  

Participants reported that established institutions are often repackaged into GSAs 
to fit SGMA purposes. For example, some irrigation and water districts have 
formed GSAs using their established governance structures (i.e. Boards and voting 
structures). Despite efficiency gains, however, this approach potentially replicates 
or perpetuates the inequitable distribution of political power that often 
characterizes these groups (e.g. dominance by large groundwater pumpers).   

Among the minority of multi-party GSAs, MOUs and JPAs are the most commonly 
used governance structure. Two GSAs, such as the North Fork Kings GSA, have 
created more formal governance structures in the form of Special Act Districts. 
The Special Act District in the North Fork Kings GSA allocates member seats to 
DAC representatives. Conference participants suggested that this governance 
structure is perceived as a more stable structure for participation and inclusion of 
DACs. 

Finally, and in many cases, informal institutional arrangements complement 
formal governance structures. For example, informal stakeholder coalitions, such 
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as farmer groups, have formed in some basins in order to consolidate 
representation of particular groups and to form agreements with the GSA. 

STRUCTURE OF REPRESENTATION 

The structure of representation includes who is formally represented in SGMA 
governance processes like GSA boards and committees, and what voting powers 
they are granted. The structure of representation is directly related to the formal 
governance arrangements described above, since a key purpose of the governance 
arrangements is to establish a process for collective decision-making.   

SGMA does not have specific requirements about who is required to be formally 
represented in GSA and GSP governance processes. While some GSA Boards and 
Advisory Committees include DACs and private pumpers, participants suggested 
that their involvement is not an indicator of decision-making since having a seat 
does not ensure adequate representation and balance in voting mechanisms. More 
research is needed in this area. Another important research need is understanding 
representation of various communities. For example, the Farm Bureau may not 
adequately represent the needs of diverse farmers in a given basin, but instead 
advocate on behalf of specific interests. 

There are different ways in which representation mechanisms have been set up to 
broaden representation and inclusion; examples cited at the Conference included: 

1. Inclusion of “non-eligible” entities in GSAs: There are a few GSAs that 
considered people outside eligible agencies in their governance Boards. These 
include private pumpers and citizens, unorganized farmers in a district, mutual 
water companies, educational institutions, and environmental organizations. 
As will be discussed later, the structure of representation is important for DAC 
engagement because it determines whether or not DACs have a formal role in 
decisions versus a consultative role.  

2. County representation of “white areas”: If counties cover white areas, county 
board members are the ones representing communities or groups that reside in 
those areas. 

Participants observed that the SGMA process in many basins is dominated by large 
water users such as agricultural irrigation districts and large urban drinking water 
suppliers. Correspondingly, smaller drinking water utilities, often serving DACs 
and communities of color, may not be represented on GSA Boards or their 
representation may be symbolic.    

TIMING OF INSTITUTIONAL DEVELOPMENT 

As mentioned earlier, individual agencies quickly formed some GSAs to defend 
their autonomy against GSA or GSP decisions that might hurt their interests. 
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Hence, coordination is being delayed until the GSP process or occurring earlier in 
GSA development via a JPA or MOU.  When coordination occurs is important 
because later efforts may indicate that a basin is struggling to develop cooperation 
at the basin level. The timing of coordination may also have consequences for 
effective representation and future decision-making. For example, coordination 
might play a role in a GSA’s capacity to develop strong rules in the GSP, and 
therefore avoid undesirable results outlined in SGMA, such as failing to meet the 
operational definition of sustainability.  

DAC REPRESENTATION 

DACs face a number of barriers to effective representation and participation. The 
main barriers discussed at the Conference were overcoming the transactions costs 
associated with participation, such as time, financial resources, technical 
knowledge gaps, and racism1. Participants provided some recommendations to 
overcome these challenges, including: 

1. Early outreach and engagement: GSAs and GSPs are being developed on a fast 
timeline, which is a challenge for non-profits that need to translate the 
information and then communicate it to community members.  Hence, it is 
crucial to engage DACs as early as possible, rather than waiting for the last 
minute as a “checkbox” on meeting SGMA requirements.  

2. Encouraging transparency: Simply increasing the transparency and accessibility 
of GSA and GSP notifications may go a long way. Still, participants reported 
that some DACs are unaware of SGMA, and have not yet received information 
on how to participate. 

3. Outsourcing outreach to local organizations: It may be helpful for GSAs to sub-
contract other NGOs to conduct outreach, capitalizing on the potentially 
stronger relationships and local knowledge of DAC needs. New funding in 
Proposition 1 could be used to support DAC inclusion. 

4. Partnering with public service research organizations: Along with technical 
support from the state, technical knowledge can be supplemented through 
partnerships with UC Cooperative Extension, Universities, and other public 
service research organizations. 

                                                      

1 To provide more context, there are specific instances of unintentional or overt exclusion, such as 

the technical complexity of SGMA, the requirement that communities (including poor 
communities) make financial contributions to GSA administration, and holding meetings in 
English only. These are dynamics are similar to those observed in other environmental justice and 
water issues in California, like IRWM. 
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MAKING DAC REPRESENTATION MEANINGFUL 

The only DAC specific requirement in SGMA is to list them on interested parties 
list. There are no formal requirements on what DAC representation should look 
like, and it has been difficult for the Department of Water Resources (DWR) and 
other SGMA officials to obtain information about what happens on the ground in 
ongoing decision-making activities across the state. This disjuncture could create a 
gap between the goal of effective DAC representation and the actual 
implementation of inclusion efforts. Conference attendees suggested the following 
recommendations: 

1. Formalize DACs participation: For example, by requiring a quorum of DACs in 
the voting structure or mandating that GSAs Boards and Advisory Committees 
reflect local demographics.  

2. Require transparency: Publishing meeting minutes and detailed meeting 
agendas could hold GSAs more accountable, as could funding monitoring and 
evaluation efforts to investigate GSA outcomes. 

Participants also noted that while the inclusion of disadvantaged communities is 
an explicit criteria in SGMA, theoretical and empirical knowledge on power 
asymmetries between stakeholders is underdeveloped in water governance 
research. Advancing research in this area will improve our ability to identify and 
measure meaningful participation from DACs and other disadvantaged groups. 

THE ROLE OF STATE AGENCIES 

DWR is aware that not all GSAs are doing appropriate outreach to DACs. Even if 
facilitators suggest and recommend the inclusion of particular groups, some GSAs 
have not included them in the process. Participants drew parallels between these 
challenges and similar challenges with tribal engagement in other policy processes. 
Potential solutions discussed were: 

1. Remind GSAs of DACs inclusion: DWR could remind GSAs that including 
DACs is a necessary component of SGMA, and could condition funding and 
other support opportunities based on inclusion.  

2. Establish a specific benchmark for DACs engagement: Establishing a more 
specific benchmark or set of requirements for effective DAC engagement 
may provide DWR and the State Board with more capacity for oversight. 

BROADENING GSA OUTREACH TO DACS AND OTHER GROUPS 

The definition of a DAC is narrowly based on median household income 
(https://gis.water.ca.gov/app/dacs/).  A strict focus on this definition could 
overlook groups or individuals that might be considered disadvantaged in the 
context of a specific groundwater basin or GSA. For example, it may overlook the 

https://gis.water.ca.gov/app/dacs/
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need to support median-income communities in places like the Bay Area where 
costs of living are higher. Other stakeholders besides DACs that are not 
represented by any water agency, such as individual pumpers, may also find it 
difficult to engage in the SGMA process. The income-based definition also does 
not explicitly recognize marginalization that results from race, ethnicity, 
immigration status or other attributes.  More discussion is needed about how to 
adequately address the variety of barriers faced by stakeholders including but not 
limited to DACs at the local level. Evaluating the unique needs of different 
communities is an important first step for developing an engagement plan. 

FACILITATION & LEADERSHIP 

FACILITATORS PLAY DIVERSE ROLES 

Facilitators support outreach and engagement by convening public workshops, 
developing materials, maintaining websites, creating email lists of interested 
parties, and other activities related to the logistics of outreach. In some cases, they 
might also help organize joint fact finding, for example communicating the results 
of groundwater models, defining sustainability and “undesirable results” as 
specified in SGMA, and developing a roadmap for navigating the SGMA process. 
Facilitators often have to work outside of the basin to which they are assigned, and 
even beyond SGMA, in order to connect to the right actors and resources. At the 
same time, facilitators provide the expected services of conflict resolution—
working through difficult conversations, helping stakeholders understand the 
interests of one another, and building trust.  

Participants described the pivotal role facilitators play in SMGA; among other 
tasks, they help GSAs define and resolve problems and also act as brokers between 
technical information and policy requirements. Participants also noted that 
facilitators and leaders take on a diverse set of activities that go beyond directly 
negotiating some type of agreement. Hence, facilitators require a diverse skillset 
that is adaptable to specific needs at the local level. 

However, participants also discussed facilitators limitations, including their lack of 
authority to intervene or make decisions in GSA and GSP processes. Ultimately, 
the local leaders who participate in SGMA develop and implement agreements. 
Relatedly, since facilitation is temporary, participants emphasized the need to 
develop local stakeholders’ leadership, conflict resolution, and management skills. 
Overall, facilitation is perceived as a complement to local leadership. 

POLITICAL LEADERSHIP  

Political leadership often comes from different individuals and plays a different 
role than facilitation. Political leadership tends to operate within an organization 
or group, where the leader not only effectively represents the organization in the 
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context of SGMA processes, but is also trusted by the group or organization to 
make decisions on their behalf. Conference participants differentiated between 
organizational and personal leadership qualities. Organizational leadership 
provides an overall vision, understands the structure of organizations and policy 
arrangements, and integrates expertise like groundwater hydrology in appropriate 
manners for data-driven decisions. Personal leadership, on the other hand, is 
based on persuasive communication, trust, respect, neutrality, and capacity for 
brokering different interests.   

LIMITS OF FACILITATION 

Even though facilitators fulfill many tasks, they are ultimately neutral 3rd-parties 
and have limited authority in eligible agencies, GSA, and GSP processes. 
Ultimately, the local leaders who participate in SGMA develop and implement 
agreements. Without proper resources, it is also difficult to sustain facilitation over 
time. Even if DWR provides initial funding for SGMA facilitation, local groups may 
need to find their own funding to maintain facilitation services.  

Facilitation needs to complement political leadership. For example, an important 
role of facilitators is identifying the political leaders within different stakeholder 
groups in SGMA. These political leaders may not necessarily be the ones holding 
formal positions; thus, facilitators need to develop good local knowledge of 
leadership and networks.  Furthermore, some political leaders do not have the 
right skillsets to navigate SGMA, or may not desire collaborative solutions. In 
order to avoid conflict, facilitators may need to strategically foster leaders and 
types of leadership to facilitate institutional effectiveness with SGMA. 
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TAKEAWAYS & NEXT STEPS ON SGMA 

GOVERNANCE RESEARCH AND PRACTICE  

Participants supported the idea of reconvening the workshop in 2019 or 2020.  
There was a general appreciation of the value of social science approaches in 
addition to the biophysical components of groundwater governance. 

Additional communication is needed to coordinate research activities, share data, 
and develop collaborations. There is a clear need to build researcher-to-researcher 
coordination, as well as researchers-to-practitioners connections. Similarly, 
researchers need to identify ways to effectively share research results and lessons 
learned with policy and practitioner communities, and avoid overlapping study 
areas that risk “study fatigue” from SGMA stakeholders. Participants also 
emphasized the value of comparative and temporal perspectives. 

Importantly, while the inclusion of disadvantaged communities is an explicit 
criteria for SGMA, the Conference discussions suggest that research on power 
asymmetries in water governance, what constitutes meaningful engagement, and 
how disadvantaged communities can overcome barriers to participation is needed. 
Advancing knowledge in these areas is critical to meeting SGMA’s goals. 

The practitioner perspective on research focused on practical tools and examples 
of how to effectively implement SGMA requirements.  Participants emphasized the 
need for researchers to demonstrate how theoretical frameworks within these 
themes translate into practical and actionable recommendations for SGMA 
implementation. Thus, it is important to guide research efforts so that they serve 
implementation needs of practitioners and increase impact. At the same time, it is 
important for GSA decision-makers to benefit from the information shared from 
researchers on GSA and GSP development.  

For facilitators, there was a renewed sense of commitment to think about 
equitable participation and to better map the heterogeneity of particular interest 
groups. Similarly, some researchers were inspired to think about how to maximize 
meaningful stakeholder engagement. The extent to which stakeholders are 
satisfied with the current process, and their level of participation, is an early 
indicator of the effectiveness of SGMA.  
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FUTURE RESEARCH QUESTIONS  

OUTREACH, ENGAGEMENT & COOPERATION: 

The state entities would be interested in academic research that tracks the 
outreach efforts of GSAs to reach stakeholders. Currently, SGMA requires that 
GSAs must “consider all interested parties”, but the language is non-binding. 
Developing ways to monitor outreach efforts would be valuable for DWR and the 
State Board. 

Specific research questions include: 

- How will the need for cooperation evolve from GSA development to GSP 
development? Is GSA cooperation an early indicator for a successful GSP? 

- Historically, what has driven cooperation? Do we see the same areas that 
have been successful at collaborating continuing in SGMA? 

- Are there any examples of good engagement and outreach? Where has 
outreach and engagement translated into successful and diverse 
participation in SGMA?  

- Will DACs representation lead to more equitable GSPs? 
- Do GSAs who have benefited from facilitators have better DAC 

representation? 
- What are the factors that control for self-selection of reaching out for 

facilitation services? For example, are GSAs that hire facilitators generally 
more proactive? Or are they anticipating conflict and thus pre-emptively 
hiring a facilitator to mediate issues?  

INSTITUTIONAL EFFECTIVENESS: 

Many questions on the adequacy of the governance structures that are being 
developed, the complexity of having multiple GSAs managing a basin, and the 
effectiveness of GSPs in achieving groundwater sustainability remain. 

Specific research questions include: 

- How are state and local human capacity built to effectively implement GSPs 
that distribute the benefits of groundwater sustainability? 

- What are adequate thresholds and milestones in GSP implementation? 
- Are there ways that the state can be a more effective backstop before GSPs 

are established? 
- How do facilitators diffuse information and innovation in GSA and GSP 

development? 
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- Are alternative plan submissions likely to achieve groundwater 
sustainability and avoid undesirable results? What points indicate that they 
are comprehensive and adequately addressing basin issues? 

SOCIO-HYDROLOGY CONNECTIONS: 

In addition to social science research questions, research questions on the 

intersection of natural, technical, and social sciences were also identified.  

Specific research questions include: 

- Is basin complexity (e.g. basin size, severity of overdraft) correlated with 
GSAs success in meeting deadlines, cooperating with other GSAs and 
generally implementing SGMA? 

- What are the key differences between groundwater basins (as defined in 
SGMA) versus watershed boundaries (AB 3030/IRWM) for defining new 
groundwater institutions? How does these differences impact 
implementation? 

- Can we identify some basin characteristics that may facilitate GSP 
implementation? 
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CONCLUSIONS & NEXT STEPS 

“The Sustainable Groundwater Management Act Governance Conference: Research and 
Practice” held at UC Davis in February 2018 allowed the assembled 55 researchers and 
practitioners from across the state and with participation from researchers in Texas and 
Vermont.  This unique convening allowed a cross-disciplinary conversation and an 
opportunity to discuss important lessons learned in the ongoing implementation of the 
Sustainable Groundwater Management Act (SGMA), . 

In addition to providing early feedback on research conducted to date, a number of future 
research questions were identified.  The event also allowed for the practitioner 
community to share and compare their own observations and experiences with one 
another and within the context of research findings.  

In addition to recommending future convenings the participants also reflected on how 
the session results could be utilized in the short-term to inform decision making and 
improve results for current efforts. 

The group also expressed appreciation for the conference conveners and the fiscal 
support of the Department of Water Resources.  
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UC Davis SGMA Research Cluster 

Equity & Institutions 

 

The Sustainable Groundwater Management Act (SGMA) of 2014 requires local actors to 

develop new institutions for groundwater management and plans for reducing groundwater 

overdraft in 127 basins. Over three hundred groundwater sustainability agencies (GSAs) are 

being formed or reorganized from existing local institutions. Depending on the designation of the 

groundwater basin they manage, these GSAs now have until either January 2020 or January 

2022 to develop groundwater sustainability plans (GSPs). SGMA not only has a profound effect 

on California groundwater, it also provides a laboratory for how cooperation and access to 

groundwater evolves in the context of new and overlapping institutions for governing common-

pool resources.  Thus, SGMA has become one of the most important observatories for research 

on core themes in environmental policy and governance.   

 

The work of the UC Davis SGMA Research Cluster is focused on four overarching research 

themes regarding this process: 

 

- Institutional Design: What is the structure and diversity of institutional arrangements for 

groundwater sustainability agencies and plans? To what extent institutional 

arrangements “fit” the local social-ecological context in a groundwater basin? 

- Decision-making & Cooperation: How do different policy actors decide to participate in 

SGMA governance processes and cooperate in the creation, monitoring, and 

enforcement of new institutional rules?   

- Leadership & Diffusion of Innovation:  How do political leaders and facilitators 

influence the evolution of cooperation within basins, along with the diffusion of policy 

innovations across basins? 

- Power, Inclusion & Equity: How does the process of institutional change reflect 

differential access to political resources and power, and the consequences for 

procedural and distributional equity?  

 

To do this, our research cluster brings together scholars and practitioners from across campus 

with diverse training and disciplinary backgrounds, encompassing policy, governance, 

behavioral and legal studies.  This uniquely positions the UC Davis team to approach multi-

faceted SGMA questions through an integrated lens, using synergistic methods that rely on 

community participation, co-production and science-policy communication. While the themes 

above represent a set of common research interests within the cluster, different research 

projects will also explore many other related questions and themes. Some of the research 

projects summarized in this memo are well underway, while others are still in early stages of 

development. 

  



 

 

Basins of Study: Sites for Ongoing UC Davis Research Projects 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Initiatives: 

 

Agricultural Groundwater Markets 

Led by Ellen M. Bruno. Contact: embruno@ucdavis.edu 

Goal:  To better understand the role of groundwater trading as a management tool for GSAs. 

This research focuses on how groundwater markets can be impacted by market power 

concentration - when large players or groups of players may dominate the groundwater market 

to influence market outcomes. 

Methods:  Model applied to the Coachella Valley, CA using well-level groundwater extraction 

data from the area.  

Results:  Relative to the case where groundwater restrictions are imposed but trade is not 

allowed, a groundwater trading regime may result in large welfare improvements.   

 

Drought Adaptation of Small Drinking Water Systems in California 

Led by Amanda Fencl, Mark Lubell, Julie Ekstrom. Contact: alfencl@cudavis.edu 

Goal:  To document water system needs for improving resilience to water scarce conditions in 

the face of climate change; identify and investigate barriers to and possibilities for adaptation; 

summarize lessons-learned by system managers from recent drought.  

Methods:  2015 Drinking Water Manager Survey; 2016 Drinking Water Manager Interviews  

Results: Systems relying on at least some surface water are farther along in climate 

preparedness than those relying only on groundwater; Conjunctive use, groundwater banking 

and adaptation strategies suggested as key climate adaptation strategies by surveyed drinking 

water systems (see Ekstrom et al. (2017). Furthermore, smaller systems are looking to SGMA 

as a potential avenue to improve drought resilience, especially those with limited internal 

planning capacity.  

Hydrologic 
Region 

Groundwater Basin/sub-
Basin 

North Coast Ukiah Valley 
Santa Rosa Plain 

San Francisco Bay Sonoma Valley 
Petaluma Valley 

Sacramento River Sacramento Valley - Colusa 

Central Coast  
Soquel Valley 
Pajaro Valley 
Salinas Valley 

San Joaquin River San Joaquin Valley 

Tulare Lake  
San Joaquin Valley 
Kern River Valley 

Colorado River Coachella Valley 



 

Developing Equitable Governance Institutions  

Led by Linda E. Méndez-Barrientos, Sean Maxson & Mark Lubell 

Contact: lemendez@ucdavis.edu 

Goal:  To define the factors that facilitate & prevent collaboration in the development of GSAs, 

identifying how power asymmetries among actors & institutions shape (and are shaped by) 

governance structures, their capacity to sustainably manage groundwater, and the distribution 

of costs and benefits produced by institutional change with SGMA. 

Methods:  2018 SGMA GSA Survey, database development & case studies (2016-2018). 

Results:  Facilitation services, information & knowledge sharing, small agency sizes, common 

‘adversarial’ conditions and other water policy processes explain the emergence of single multi-

party GSAs. However, even with multi-party GSAs, power asymmetries among participant’s 

actors shape institutional outcomes. 

 

Social networks and the development of GSPs 

Led by Mackenzie Johnson & Gwen Arnold. Contact: mrjohnson@ucdavis.edu 

Goal:  To investigate the effects of social networks on GSP decision-making processes, 

specifically focusing on mechanisms of information sharing that could support future rounds of 

decision-making and GSA composition as a way to understand power dynamics in the decision-

making process.   

Methods:  Statistical analysis of social network patterns, qualitative interviews & survey. 

 

Disadvantaged Community Participation in SGMA 

Led by Camille Pannu, Keith Taylor & Kristin Dobbin 

Contact: kbdobbin@ucdavis.edu & cpannu@ucdavis.edu 

Goal:  Considering historic governance and water resource inequalities, we ask how 

disadvantaged communities (DACs) are represented on GSAs including through voting 

membership and stakeholder advisory committees. 

Methods:  Institutional analysis & grammar, database development & qualitative interviews.  

Results:  Initial findings indicate limited DAC representation and involvement in the SGMA 

process. For example, about 10% of DACs analyzed thus far are represented on their 

respective GSAs. With this research we intend to develop actionable recommendations for 

improving DAC participation and inclusion in the SGMA process. 

 

Farmers’ Participation in SGMA 

Led by Jessica Rudnick, Alyssa DeVincentis & Linda E. Méndez-Barrientos 

Contact: jrudnick@ucdavis.edu 

Goal:  To understand the agricultural sector’s response to SGMA, including how various farmers 

of different sizes and capacities participate in policy processes and adapt to meet new 

requirements established though groundwater sustainability plans (GSPs).  

Methods:  Qualitative interviews with farmers, integrating qualitative data into statewide spatial 

analysis of demographic and agricultural operation data.  

Results:  Early findings predict which areas of the state will face steeper challenges in equitably 

addressing the needs of their diverse agricultural stakeholders (see Rudnick et al. 2016. DOI: 

10.3733/ca.2016a0015. 

https://doi.org/10.3733/ca.2016a0015


  
 

Implementing SGMA Collectively: The Role of Bargaining and Markets 

Research Summary for Policymakers and Stakeholders 

Andrew B. Ayres (UC, Santa Barbara) 
with Eric Edwards (Utah State), Gary Libecap, Kyle Meng, and Andrew Plantinga (UCSB) 

 

Groundwater is a prime example of a common-pool resource that is subject to over-extraction when users 

can access it without constraint. As pumpers compete for the resource, the stock is depleted, pumping 

costs rise, wells may interfere with one another, and other collateral impacts emerge, such as seawater 

intrusion—all causing the resource to lose value. Despite widespread acknowledgement of the need for 

better developed rules to manage groundwater use in California, many obstacles complicate negotiations 

between groundwater users over the best way to allocate access, and these obstacles will remain as users 

attempt to meet the Sustainable Groundwater Management Act’s (SGMA) requirements. 

We 1) examine persistent overdraft in California’s basins in the face of growing losses and 2) estimate the 

gains from better defining pumping rights. We find that despite large gains from management, the 

inability to agree on management rules can be explained by basin and user characteristics that complicate 

negotiations. For example, we estimate that gains from defining groundwater rights in the Mojave Desert 

exceeded $60 million, yet achieving agreement nonetheless took two attempts over forty years. More 

generally, high costs of contracting over new rules suggest that appropriate responses will vary across 

basins, with different restrictions, spatial extent, and allocation schemes. Results and more detailed 

recommendations can be found below. 

 

Difficulty in Establishing Agreement for Groundwater Management Rules 

Why are some valuable natural resources subject to management and others not? Substantial variation 

exists in the strictness of groundwater management regimes across California’s basins. Users in 30% of 

California’s 445 basins have adopted some sort of management, but nonetheless many remain in critical 

overdraft. Costs of reaching agreement (contracting) over new resource access rules are one explanation.  

Results 

 We document a critical role of contracting costs in explaining the inability to adopt management. 

In particular, we find that these costs increase with basin size, the number of users, dispersion 

in water uses and valuations, and spatial variance in recharge within a basin. These results 

suggest that reaching agreement on new rules will be costly due to disparate bargaining positions. 

Recommendations 

 Regulatory agencies should continue to support and stakeholders should seek out on-the-

ground facilitation services. 



  
 

 Different resource problems require agreement on different rules, so DWR should also remain 

open to approaches that economize on contracting costs. In the past, basin users have adopted 

spatially restricted management to address seawater intrusion, written contracts to share imported 

water in order to avoid costly production restrictions, or adopted well-spacing restrictions to 

address cross-well interference without restricting pumping rates. Such finely tailored responses 

may not explicitly meet all of the targets set forth in SGMA’s enabling legislation, but they may 

be sufficient to address user concerns while avoiding points of contentious disagreement.  

 Where property rights and allocations must be defined, certain allocation schemes may lend 

themselves more readily to agreement. Where soil quality is homogeneous and crop diversity 

low, allocation based on irrigated acreage can be preferred to grandfathering based on previous 

pumping, which is difficult to measure and verify. 

 

Gains from Developing Secure Groundwater Rights 

When users do succeed in agreeing upon new institutions to manage groundwater, how does this affect 

the value of the resource? Are resource users better off as a result? Defining groundwater rights entails 

setting a cap on the volume of groundwater that can be pumped annually and allocating rights among 

users. Although this process restricts pumping, it also improves long-term resource availability, grants an 

asset that can be traded, and reduces uncertainty. We investigate whether this solution to the common-

pool problem increases resource value and makes users better off by looking to the Mojave Desert.  

Results 

 We find that the causal impact of better defining property rights to groundwater in the Mojave is 

to increase land value by over 50%, on average; this reflects an increase in the value of water 

rights implicitly held by each land parcel. Gains exceed $60 million. The magnitude of this 

effect can be explained by the extreme scarcity of hydrologic resources in the Mojave, the likely 

collapse of the resource under open access, and expectations of rapid urban expansion fueling 

increased water demand in the future. 

Recommendations 

 Disagreements over allocation of rights and appropriate rates of extraction often crop up between 

urban and agricultural users. Where urban growth is limited in part by water resource 

scarcity, gains from trade between the two groups can be quite large. 

 Encouraging the adoption of marketable pumping allowances can reduce the total costs of 

adjustment and allow many parties to benefit from gains from trade. In particular, allocating 

these rights to otherwise recalcitrant users can ease consensus-building. 

 
Suggested citations:  

Ayres, A., Edwards, E., and G. Libecap. How Transaction Costs Obstruct Collective Action: Evidence from California’s 

Groundwater. NBER Working Paper #23382. 

Ayres, A., Meng, K., and A. Plantinga. The Economic Value of Secure Water: Landowner Returns to Defining Groundwater 

Property Rights. Working paper available upon request. 
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Implementing California’s Sustainable Groundwater Management Act: Update on 
a multi-disciplinary and multi-university research program 
UC-Davis SGMA research workshop – February 6, 2018 
 
Research partners: 
Janet Martinez, Leon Szeptycki, Tara Moran, Esther Conrad, Stanford Water in the West Program 

and the Gould Center for Conflict Resolution, Stanford Law School 
William Blomquist, Indiana University Purdue University Indianapolis (IUPUI) 
Anita Milman, University of Massachusetts Amherst 
Dave Ceppos and Marci DuPraw, Center for Collaborative Policy, California State University, 

Sacramento 
 

Research conducted to date: Characterizing GSA Governance Structures 
 
Focus 

• Key features of GSA governance structures and scale 

• Factors contributing to formation of single or multiple GSAs per basin 

• Governance structures in large agricultural basins 
 
Key findings 

• Of the over 250 GSAs formed statewide, 30% represent multi-agency collaborations 
(MOUs/JPAs). 

• Approximately half of high/medium priority basins are covered by a single management 
entity (GSA, adjudication, or alternative plan). These basins are smaller on average than 
those covered by multiple GSAs. 

• Multi-level collaborative governance has been used in several cases to enable basinwide 
governance and enable broad participation. 

 
Case studies 

• GSA formation: Santa Cruz Mid-County, Yolo, Upper Ventura River, subbasins within 
Tehama County, Eastern San Joaquin; Kings; East Butte; Colusa 

• Multi-level governance: Yolo, Eastern San Joaquin, and Colusa subbasins 
 
Contact: Esther Conrad (esther@stanford.edu) and Tara Moran (tamoran@stanford.edu) 
 
 

Areas of Ongoing Research 
Building upon the above work, we continue to work together on SGMA-related research along a 
number of themes. Broadly, our interests include: 

• Learning from GSAs about planned approaches to data collection, goal setting, and GSP 
development; what facilitates or impedes their efforts 

• How GSP development processes unfold in critically overdrafted basins between now and 
2020, and in the remaining high and medium priority basins by 2022 

mailto:esther@stanford.edu
mailto:tamoran@stanford.edu
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• Whether and how the initial set of GSAs formed by June 30, 2017 changes over the course 
of GSP development and implementation 

• Intersection of GSP development and implementation with groundwater rights law 
 
We have initiated research in a number of areas, briefly summarized below. We anticipate 
preparing white papers, journal articles, presentations and/or workshops on these topics. 
 
1. Learning about Local-Level Institutional Preferences by Examining GSA formation 
 

• Analysis of patterns and correlates of: 
o single-GSA basins or multi-GSA basins 
o single-agency or composite GSAs (i.e., JPAs, MOUs) 

• Examining GSAs in all high-medium priority basins  

• Data includes: 
o Geo-coded on land use and ownership, water use, economy, socio-demographics, 

prior groundwater management practices, and other characteristics of groundwater 
basins 

o Qualitative coding of institutional agreements, formation notices 

• Informed by interviews, observation 
 
Contact: Anita Milman (amilman@eco.umass.edu)  
 
 
2. Coordination in Groundwater Sustainability Planning 

• Examination of the tools and mechanisms used by GSAs for achieving SGMA-required 
coordination on GSP development: 

o Through what processes do GSAs coordinate 
o What drives how GSAs selected those processes 
o How do the resulting GSPs reflect the coordination mechanisms used 

• Initial focus is on the critically overdrafted basins 

• Triangulated with examples from other (non-CA) management of shared groundwater  

Contact: Anita Milman (amilman@eco.umass.edu) and Tara Moran (tamoran@stanford.edu) 

 
3. Conflict reduction and resolution for GSAs and stakeholders 

• How differences of opinion among stakeholders about GSA formation have been handled 
and resolved 

• How differences of opinion among stakeholders during GSP development and 
implementation are handled and resolved 

 
Contacts: Janet Martinez (janmartinez@law.stanford.edu) and Tara Moran 
(tamoran@stanford.edu) 
 

mailto:amilman@eco.umass.edu
mailto:amilman@eco.umass.edu
mailto:tamoran@stanford.edu
mailto:janmartinez@law.stanford.edu
mailto:tamoran@stanford.edu
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4. Use and sharing of data and groundwater models by and among GSAs 

• Current use of data and modeling in groundwater management in California 

• Data needs and value of modeling for SGMA implementation 

• GSA plans and practices for joint development and/or sharing of data and models 
 
Contact: Tara Moran (tamoran@stanford.edu) 
 
 
5. Performance measures for sustainable groundwater management 

• Use of performance metrics, management thresholds, and/or action triggers in existing 
managed basins 

• Challenges and opportunities for GSAs in developing and using measurable objectives to 
implement SGMA 

• Focus on four special act districts: Fox Canyon Groundwater Management Agency, Pajaro 
Valley Water Management Agency, Zone 7 Water Agency, and Santa Clara Valley Water 
District 

 
Contact: Tara Moran (tamoran@stanford.edu) and Esther Conrad (esther@stanford.edu) 
 
 
6. GSA powers and limitations under SGMA 

• Comparison of GSA authority and constraints under SGMA with existing basin management 
institutions 

• Analysis of 17 cases of groundwater management prior to SGMA: 
o Adjudications: Six Basins, Santa Paula, Mojave, Beaumont, Seaside, San Jacinto, 

Santa Maria, Los Osos, Antelope Valley 
o Special act districts: Fox Canyon Groundwater Management Agency, Pajaro Valley 

Water Management Agency, Zone 7 Water Agency, and Santa Clara Valley Water 
District, Desert Water Agency 

o AB 3030s GWMPs: Sonoma County; Sacramento Groundwater Authority 
o County ordinance: Glenn County  

Contact: Bill Blomquist (blomquis@iupui.edu) 
 
 
7. California groundwater law trends and SGMA implementation 

• Developments in California groundwater rights law since 2000 (the Mojave Basin decision) 

• Post-SGMA legislation regarding basin adjudication procedures 

• Impacts of these on basin management options during SGMA implementation 
 
Contact: Leon Szeptycki (leonsz@stanford.edu) 
 
 
 

mailto:tamoran@stanford.edu
mailto:tamoran@stanford.edu
mailto:esther@stanford.edu
mailto:blomquis@iupui.edu
mailto:leonsz@stanford.edu
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Groundwater Governance Research 
 

I. Perceptions of the Groundwater Commons  
II. Participation in Decision-making  
III. Sustainable Groundwater Governance Under Drought and Climate Change 
IV. Institutions for Sustainable Groundwater Governance 

I & II Case Studies in the Pajaro Valley, California 

~ 3,400 square km, multiple counties, tributaries, and creeks 
Primarily agricultural and open space, Watsonville is the largest city-2016 population 53,796  
Freshwater source is groundwater; primary issue is seawater intrusion 
1953 - Seawater intrusion identified by DWR 
1984 – PVWMA formed as a Special Act District 
2018 – PVWMA elects to be the GSA - Alternative to GSP pending  
Seawater intrusion still a problem, but rate of intrusion is now reduced 

Methods 

Methods included secondary data, participant observation and semi-structured individual interviews 
with 22 participants including representatives from agriculture, government, labor force, environment, 
business, government, tribal, business, and media. Sampling methods included quota techniques and 
chain referral techniques. A deductive and inductive coding scheme used NVivo for analysis. A 
limitation was the lack of participation from farmworkers, and interview questions were revised to ask 
all interviewees about farmworker concerns.  

I. Perceptions of the Commons and Groundwater Practices 

Rudestam, Kirsten, Ruth Langridge and Abigail Brown, 2017, “Exploring “Deep Roots:” Politics of 
Place and Groundwater Management Practices in the Pajaro Valley California, Society and 
Natural Resources, Vol. 31, Iss. 3, 2018 

Rudestam, Kirsten, Ruth Langridge and Abigail Brown, 2015, “The Commons as a dynamic variable in 
understanding strategic alliances of scale: a groundwater case study in Pajaro Valley, 
California,” Environmental Science and Policy, pp. 33-40, DOI10.1016/j.envsci.2015.05.003 

SGMA’s success hinges on its ability to account for the varied relationships that individuals have with 
their local places and livelihoods in their communication and outreach plans.  This article points to the 
ways that stakeholders affiliate with both specific places and with one another based on events 
(political and hydrologic) that engender and motivate alliances at different scales that matter with 
respect to groundwater politics and shared water resources. The move from situating the “commons” 
as a fixed and discrete geographic area to that which is constantly changing and relational provides a 
better understanding of the ways in which water users collaborate and communicate around shared 
groundwater sources. The research also illuminated the ways in which meanings of place are deeply 
influenced by complex social and economic interactions. Stakeholders described attachments to, and 
care for, a particular vision of the Pajaro characterized as quiet, rural, and agrarian, but one that 
perpetuates the political dominance of a farming culture where conserving a depleted aquifer is not 
prioritized. Moreover, Mexican immigrants comprise the majority of those engaged in field farm labor 
and it is notable that they were rarely if ever referred to by our subset of interviewees in discussions of 
farm based and/or agrarian local culture. 
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II. Participation in Decision-making  

Brown, Abigail, Ruth Langridge & Kirsten Rudestam 
Coming to the table: collaborative governance and groundwater decision-making in coastal California 
Journal of Environmental Planning and Management Vol. 59, Iss. 12, 2016 
 
SGMA requires multi-stakeholder inclusion. This study examined groundwater decision-making 
groups and practices to understand whether groups meet specific collaborative governance criteria 
and whether and why certain subsets of the population are excluded from groundwater decision-
making practices. Findings include that the stakeholder approach for groundwater decision-making is 
characterized by exclusions that exacerbate inequity and class dominance. Small farmers, the 
Hispanic/Latino community, and the general public are often excluded from groundwater decision-
making groups and practices due to unawareness, mistrust, and insufficient resources. Education and 
awareness as well as incentives could help increase inclusion. This study opens up the door to more 
critical examinations of the stakeholder approach to local groundwater management, inherent power 
dynamics present in collaborative governance groups, and broader political and economic factors that 
shape these groups.  

III. Sustainable Groundwater Governance Under Drought and Climate Change 

Langridge, Ruth and Bruce Daniels. 2017. Accounting for Climate Change and Drought In 
Implementing Sustainable Groundwater Management, Water Resources Management   

31: 3287. https://doi.org/10.1007/s11269-017-1607-8 
 
Groundwater provides close to 40 percent of California’s overall water supply under average 
hydrologic conditions. It is a critical source of backup during drought when increased pumping occurs 
to compensate for reduced surface supplies and decreased soil moisture.  The conundrum is that in 
regions of the state where groundwater dependence is already high and rates of recharge are low, 
over the long term the volume withdrawn, particularly during droughts, generally exceeds 
replenishment in many regions.  The result is overdraft - ongoing declines in groundwater levels over 
the long-term. To facilitate the reduction or cessation of long-term groundwater overdraft, this paper 
proposes that sustainable groundwater management must include the development of a drought 
reserve. The reserve, ideally sourced, sited and used locally, would encompass sufficient water for 
use during a drought such that the increased withdrawals during a drought do not result in 
unrecoverable groundwater declines and concomitant negative impacts. The objective is to reduce 
vulnerability to the state’s periodic droughts, as opposed to mitigating seasonal variations in 
precipitation. This paper first summarizes the issues associated with developing drought reserves, and 
then examines in detail how two California groundwater management agencies approach establishing 
and implementing a drought reserve.  
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EXECUTIVE SUMMARY 
 

This report evaluates in detail California’s groundwater basins adjudicated prior to the passage of 

SGMA. The goal is to illuminate those elements that result in sustainable management, the current 

challenges to both the adjudicatory process and to achieving sustainable outcomes, and how 

management of adjudicated basins can be improved.  

BACKGROUND 

Local groundwater management agencies, special act districts, and court adjudications are the primary 

institutional arrangements to manage groundwater in California. The increasing groundwater declines 

in many areas of the state and concomitant negative impacts prompted the passage of the 2014 

Sustainable Groundwater Management Act (SGMA). The SGMA established new requirements for 

127 high- and medium-priority groundwater basins that are either in overdraft or vulnerable to 

overdraft to develop sustainable management programs with increased state oversight.  

The SGMA exempts all the basins adjudicated prior to SGMA. The SGMA was followed by the 

passage of AB 1390 and SB 226 in 2015 that provide some procedures for groundwater adjudications 

including a provision for Groundwater Sustainability Agencies (GSAs) to intervene in comprehensive 

adjudications. SB 226 allows the state to intervene in comprehensive adjudications and provide 

legislative guidance to ensure the consistency of groundwater adjudications with SGMA objectives.  

The principal concept in adjudication is the determination of water rights between competing users. 

The court sometimes defines and determines water rights for all users, it can specify allocations, and it 

generally provides court-supervised basin management by a Watermaster, usually appointed by the 

court to ensure that the basin is managed in accordance with the court’s decree. Key stakeholders and 

users of the groundwater in a basin can negotiate a stipulation and physical solution prior to 

adjudication, and the court can then accept it in whole or in part, or reject it and craft a different 

solution to managing the basin. Two primary motivations for adjudication are: negative impacts 

resulting from significant groundwater depletion; and the need for sufficient water to support current 

practices and future growth in a region. Defining water rights can determine the responsibilities of 

different users to reduce current or future impacts, and to provide for sufficient water to sustain a local 

economy and for future development.  

Approach 

Existing literature and archival sources were reviewed. Telephone interviews were conducted with key 

managers and participants in the adjudication process. Each basin summary was reviewed by a basin 

stakeholder: the Watermaster, technical expert, or lawyer who participated in the adjudication.  

 

FINDINGS 

Basin Sustainability 

- Groundwater adjudication is fundamentally not about the sustainable management of 

a groundwater basin. Rather, it is about the court addressing a controversy between parties 

about a “problem” in the basin and designating who should be responsible for providing a 

solution. Adjudication is rarely about the full spectrum of requirements for sustainable 

management addressed in the SGMA and needed to sustainably manage a basin over the long 

term. This is a central issue with adjudication if the goal is the sustainable management of 

a groundwater basin. 
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- Adjudication is usually about the needs and interests of the individual parties with 

respect to water rights. The legislature noted the narrow reach of adjudication in its definition 

of “comprehensive adjudication” as “an action filed in superior court to comprehensively 

determine rights to extract groundwater in a basin.” The court may approve a physical solution 

to address the “problem” in the basin, sometimes drawn up by private parties, and the physical 

solution can overlap with some of the goals of the SGMA 

Imported Water 

- Facilitating access to imported water and determining who would pay for the water 

was a major factor in going to court  

Other Factors That Led To Adjudication 

- A desire to resolve disputes over water rights  

- A desire for new surface supplies to lessen reliance on groundwater  

- A determination of who would provide required water flows in to or out of the basin  

Adjudication Process 

- Groundwater adjudications are frequently a drawn-out and expensive process.  

- Parties often return to the court to resolve ongoing disputes.  
- Groundwater adjudications generally present a series of compromises  

Adjudication Omissions 

- Overall long-term and comprehensive basin management is not usually incorporated 

into adjudication judgments 

- Consideration of environmental uses, needs and protection and water quality is rare 

Water Rights 

- Courts utilize a variety of legal doctrines to determine water rights based on 

conditions in the basin, past precedent, and California water law 

- Water rights are not necessarily quantified, or sometimes quantified using an average 

of how much water was put to “reasonable and beneficial” use during a selected 

historical period  

Determining water rights, and consequently allowable extractions, based on past pumping can be 

problematic if that pumping was unsustainable and led to declines in groundwater levels and the 

associated impacts that triggered the adjudication, and if there are no requirements to reduce future 

extractions to bring a basin into balance.  

- Water allocations are sometimes determined relative to a basin’s safe yield, but a 

variety of definitions are used in establishing allocations  

- Specific conditions were sometimes placed on water rights including who has to limit 

withdrawals and when withdrawals had to be limited 

- Provisions to reduce allowable pumping are sometimes required, but with the 

exception of  basins under mutual prescription, they do not always apply equally to pumpers  

- Carry-over credits are sometimes permitted with unlimited or limited duration  

- Water production post adjudication was often concentrated in a few users 
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Governance 

- Adjudication generally establishes a management structure with a Watermaster who 

was originally one entity but today is generally a committee or a group of committees.  

- Small groundwater users and disadvantaged communities are rarely included  

- Strategies to monitor the basin vary considerably 

- All but two adjudicated basins rely on imported water as the key strategy to manage 

overdraft and/or to provide for future water needs, potentially problematic as imported 

water is projected to be less reliable and more expensive in the future 

- Approaches to reduce demand are only required in some basins and vary significantly 

Groundwater Trends 

- There are no standards to determining safe yield, overdraft, and groundwater trends  

- Accumulated overdraft is rarely addressed 
 

RECOMMENDATIONS  

To improve the adjudication process to result in more sustainable outcomes as defined by SGMA, the 

following are proposed to be included in adjudication judgments: 

- A sustainable management plan for the basin aligned with SGMA and SB 226 

- Appointment of a Watermaster 

- Annual reports that are accessible, include groundwater trends, and have a 

standardized format with clearly specified conclusions 

- Specification of a basin’s safe yield (clearly defined) with inputs and outputs that 

account for future climate and demographic shifts, and approaches to achieve safe 

yield 

- Definition of overdraft that utilizes an historic period that provides a reasonable 

account of groundwater level trends 
- Strategies to reduce accumulated overdraft 
- Trigger points, as a critical component of monitoring groundwater levels 

- Information on groundwater levels that follow a standard format, are updated 

annually, and are readily available online.  

- Requirements to limit the duration of carry-over credits 

- Requirements that the procedures for the transfer of water rights be part of a broader 

planning process 

- Determinations of extractions that account for the interconnections between surface 

and groundwater, and for negative impacts to relevant ecosystems 

- Procedures to managing significant water quality problems 

- Participation by all basin users in shaping groundwater management decisions  
 
Defining and establishing water rights, and concomitant pumping rights, is constrained to a large 
extent by California laws, but the conditions placed on water rights are not, and these can 
contribute to the sustainable management of a basin. While many basins already incorporate 
particular recommendations, the court is not required to address these recommendations in 
resolving the lawsuit that led to adjudication. However, the above proposals point to areas that 
can be considered by all parties in moving a basin towards more sustainable management.
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Special Act Districts 

(SADs) vary in location 

(Figure 1), as well as in 

size, population, land use, 

management structures 

and strategies. They 

exemplify the social, 

institutional, and physical 

diversity that characterize 

California’s local 

groundwater basins. 

Under SGMA, SADs are 

deemed to be exclusive 

local agencies within their 

statutory boundaries. They 

had the option to be 

designated as the sole 

GSA in their service area 

boundaries, and most are 

currently GSAs.  

 

 

 

With their long history, 

SADs are a window into 

the challenges and 

successes of managing 

groundwater within 

SGMA’s framework.  

- Although the enabling legislation for each Special Act District provides some 

authority to limit or regulate extraction, generating outcomes that reflect SGMA 

sustainability goals is uneven. 

- A major land use trend is the shift from agricultural use to municipal development. 

- Municipal districts were generally more successful over time in developing diverse 

strategies to improve groundwater conditions. Success is correlated with their 

access to imported water and multiple revenue streams, as well as the social and 

political goals of the basin’s water users and management.  

- Many districts, including the large municipal districts, are very reliant on imported 

water from state and federal projects to prevent overdraft. As imported water 

becomes more expensive and less reliable in the future, these districts are 

aggressively exploring alternative supplies, but some may need to consider more 

Figure 1: Special 
Act Districts  

FINDINGS 
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comprehensive demand management approaches.  

- A major challenge for the two predominantly agricultural districts is to reduce their 

overdraft without imported water. Given the increased unreliability and cost of 

imported water, these districts have an opportunity to provide examples of 

approaches that can result in sustainable management without additional imports, 

including more comprehensive demand management strategies. 

Basin Characteristics and Sustainable Management 
- Basin outcomes are related to multiple factors: land use, population (Figure 1); 

management structures and authorities in enabling legislation and amendments; 

basin hydrogeology; stakeholder goals; revenue sources; water portfolio; supply 

strategies; demand management and monitoring: implementation of a water budget; 

storage goals; and strategies to reduce overdraft. 

Table 1: Population and Land Use (Municipal, Small Residential, Predominantly Agriculture, Mixed Use) 

Special Act Water District  Population  Dominant Land Use 

Orange County Water District (OCWD) ~2.4 million  Municipal and industrial1  

Santa Clara Valley Water District (SCVWD) ~1.8 million  Municipal, some agriculture in south2  

Alameda County Water District (ACWD)  ~343,500 Municipal, commercial, and industrial3  

Alameda County Flood Control and Conservation 
Water District (Zone 7)  

~220,000 Municipal4 

Monterey Peninsula Water Management District 
(MPWMD) 

~104,130 Municipal, industrial, and some agriculture5  

Desert Water Agency (DWA) ~71,000 Municipal (Palm Springs), resorts, golf  

Mendocino City Community Services District 
(MCCSD) 

~1,000 Individual residential - small town6 

Fox Canyon Groundwater Management Agency 
(FCGMA) 

~700,0007 Agriculture with multiple municipalities8  

Pajaro Valley Water Management Agency 
(PVWMA) 

~114,250 Agricultural, some municipal (Watsonville)9 

Ojai Groundwater Management Agency (OGMA) ~8,260 Agriculture and municipal10 

Tri-Valley Groundwater Management District 
(TVGMA) 

~954 Mixed-use – rural11  

Honey Lake Valley Groundwater Management 
District (HLVGMD) 

~23,570 Mixed-use – rural12 

Long Valley Groundwater Management District 
(LVGMD)  

~46,840 Mixed-use – rural13 

Sierra Valley Groundwater Management District 
(SVGMD) 

~2,200 Mixed use – rural14  

Willow Creek Groundwater Management District 
(WCGMD) 

 NA NA 

 
Enabling Legislation 

- Enabling legislation provides each district with specific management and fundraising 

capabilities (Figures 2 and 3, but each district exercises their authority differently).  
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Figure 2: Management Capabilities in the Enabling Legislation 

 
* y axis represents the number of basins 

Figure 3: Fundraising Capabilities in the Enabling Legislation 

 
* y axis represents the number of basins 

 
Revenue Sources 

- The main sources of revenue are from municipal and industrial water sales and 

property tax revenues. Large districts generally have more varied revenue streams.  

The ACWD, viewed in Table 2, is an example. While ACWD can draw on a more varied set of 

revenue streams, fees for providing water to users and property tax revenues comprise nearly 

93 percent of its total operating budget of close to $400 million.  

Table 2: ACWD Revenue Sources 

Revenue Source  

Customer Fees Charges for providing water to municipal and industrial users 

Property Taxes Roughly 8% in FY 2015/16 

Facilities Connection  Fees for establishing new connections to ACWD’s distribution system 

Investment Income Revenues from financial investments 

Fees and Rentals Fees from short-term rentals of equipment, such as hydrant meters 

Other Revenues A very small share of the total budget. Includes permitting fees 
collected for well construction and modification 

 

Hydrogeology  

- Hydrogeologic characteristics affect management strategies.  
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The Mendocino Headlands Aquifer is the sole source of water for the MCCSD. It is heavily 

dependent on annual precipitation, and during wet years the existence of shallow groundwater at 

certain locations results in groundwater discharge to surface drainages rather than remaining in 

storage. In dry years, storage tanks can become depleted by late summer. In response to these 

physical conditions, the MCCSD has one of the most conservation-focused strategies in the state, 

including aggressive drought rationing, restrictions on non-essential uses, a groundwater extraction 

permit ordinance and an agreement with Mendocino County to regulate groundwater extractions. 
 

 

Reason for District Formation 
- “Sustainable” groundwater management was not specified in the enabling 

legislation for any SAD, and only some districts were tasked with overall 

groundwater management.  

Some older SADs were established for flood control and to provide water for municipalities, as 

well as to ensure local control of water. 
 

ACWD and Zone 7 were formed because of pressures to give residents more control over their 

local water resources and halt water exports. Groundwater management and replenishment become 

central to the districts’ activities decades after inception.  
 

MCCSD was established to oversee operation of a wastewater treatment plant. Currently it has 

authority to regulate groundwater withdrawals from residential wells within its service area. 
 

SCVWD’s early focus was on reservoir construction for flood control and conservation purposes.  
 

Newer SADs were generally established to manage the local groundwater basin, but two older, larger 

full-service districts were established with overall groundwater management as a policy goal.  
 

The DWA and the OCWD were both created in part to protect the resources of the local groundwater 

basins within the district’s boundaries. Initially, both districts focused on augmenting storage capacity 

and importing water for beneficial uses. Current strategies encompass the broader goal of sustainable 

groundwater management and include recharging and protecting the existing groundwater basins.  
 

- Seawater intrusion due to declining groundwater levels prompted community concerns 

in some basins, and were catalysts for district formation. 

Districts with concerns relating to seawater intrusion at the time of formation include FCGMA, 

PVGMA, OCWD, ACWD, and MPWMA.  

• Concerns about water exports led to district formation in some communities. 

Some districts were established to halt water exports. Seven of the 15 enabling acts specifically 

prohibit water export outside of the district service area. In the Sierra foothills, a concern over 

water leaving the county prompted special act formation and county ordinances restricting exports.  

Portions of the LVGB in Lassen and Sierra County, and the HLVGB in Lassen County, underlie 

Washoe County, Nevada. Groundwater users in these basins and in the Sierra Valley Basin were 

concerned that the drilling of large wells on the Nevada side of Long Valley would result in these 

basins being overdrafted, prompting the formation of the Special Act Districts. 
 

Water Sources 
- Eight districts are entirely reliant on local groundwater (Figure 4). These face greater 

challenges with respect to the sustainable management of their basin. 
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Figure 4: Water Supply Sources 

 
 

Original Management Structure  
- The original Boards of Directors were appointed, elected by all district voters or just by 

property owners, or a hybrid variation (Figure 5).  

Figure 5: Original Composition of the Governing Body 

 
 

Management Strategies  
Imported Water 

- Many districts, including the large municipal districts, rely heavily on imported water 

for consumptive use and as a strategy to reduce or halt groundwater level declines and 

associated impact (Table 3).  

Table 3: Imported Water as a Supply Source 

 Special Districts Population  

Imports 
Water 

Alameda Zone 7, ACWD, OCWD, SCVWD, OGMA*, 

SVGMD**, DWA*** 

8,258 to 
2.4 million  

Does Not 
Import 
Water 

Monterey Peninsula WMD, Mendocino City CSD, Fox Canyon 
GMA****, Pajaro Valley WMA, Tri-Valley GMD, Long Valley GMD,  

Honey Lake Valley GMD, Willow Creek GMA  

954 to 
104,129 

* OGMA imports water from the Casitas Municipal Water District. 

** SVGD imports about 6,000 acre-feet per year (AFY) from the Little Truckee River for irrigation. 

*** DWA receives SWP water by exchanging Colorado River water for SWP water with the MWD. 

**** FCGMA does not import water, but several municipal and agricultural entities use both groundwater and imported SWP water. 

Return flows from this imported water provide significant recharge to the groundwater basin. 

Reducing groundwater level declines and seawater intrusion without imported water has been 

challenging for the two large agricultural districts: PVWMA and FCGMA.  

 

Metering, Monitoring, and Reporting of Withdrawals  
Public supply wells are generally metered and monitored (Table 4). Metering of agricultural and 

individual user wells varies and production is often self-reported. In areas dominated by 

agriculture, irrigation allowances by crop type are common. Amounts are often established on a 

per-crop basis but can vary depending on pumper location and the past year’s precipitation.  
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Table 4: Metering and Monitoring 

SAD & 
Population 

Metering and Monitoring 

OCWD 

2.4 million 

~ 200 large-capacity wells (97 percent of all production) must be metered and extractions 
reported annually. OCWD also maintains over 400 monitoring wells and collects samples 
from ~200 private and public supply wells for water quality assessment. 

SCVWD 

1.8 million 

Over 83 percent of groundwater produced within the district is withdrawn by public supply 
wells, which are subject to stringent metering and district monitoring. Privately owned 
agricultural wells and non-agricultural wells also have metering requirements.  

ACWD 

343,499  

Water meters are installed on most wells. Comprehensive regulations require permitting and 
inspections for all wells.  

Zone 7  

220,000 

Primarily monitored by public water agencies who supply water to municipalities. Private 
groundwater production for irrigation has monitoring requirements and Zone 7 monitors 
production of more than 225 wells in the Main Basin. It has a comprehensive database of 
historical groundwater levels. 

MPWMD 

104,129 

Metering is required on all wells and MPWMD monitors groundwater elevations. Well owners 
are required to report annual extractions. California American Water Co., responsible for over 
75 percent of groundwater production in the district service area, reports well data monthly. In 
Seaside Basin, MPWMD conducts monitoring on behalf of the Watermaster. 

DWA 

71,000 

The agency’s public supply system wells are all metered and subject to routine monitoring 
requirements for groundwater elevation and water quality. Private producers who withdraw 
less than 10 AFY are exempt from pumping regulations. 

MCCSD 

~1,000 

~ 60 percent of all wells are metered. Residents are responsible for self-monitoring their own 
wells, but well construction, modification, or alteration requires permit applicants to prove that 
the approval of their project will not negatively impact groundwater elevations in wells within 
district service area. 

FCGMA 

700,000 

All well operators are required to self-report their groundwater extraction on a semi-annual 
basis using an agency provided Semi-Annual Extraction Statement (SAES). Ordinances have 
mandated flow meters on all wells (except for domestic wells).  

PVWMA 

114,252 

Mandatory metering and reporting requirements exist for many large-scale wells that are 
monitored by the district. 

OBGMA 

8,258 

Public water suppliers meter and monitor their wells. All large volume well operators are 
required to report annual extractions and metering is required on all new wells. Irrigators are 
subject to regular inspections to check compliance and accuracy in reporting crop totals. 

SVWD 

2,196 

34 wells monitor quantity and 15 monitor quality.15 Landowners are required to purchase a 
meter for every well that exceeds a flow rate of 100 gpm.16 The district collects data monthly. 

LVGMD, 
HLGMD, 

WCGMA  

NA 

 
 

Withdrawals and Replenishment 

- All Special Act Districts have some authority to regulate withdrawals and incentivize 

replenishment, but not every district utilizes this authority, and approaches vary. 
 

Enabling legislation generally provides some authority to regulate withdrawals (Table 5), but most 

districts focus on supply side strategies to manage their basin. 
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Table 5: Strategies to Reduce Withdrawals 

Special District Regulate Withdrawals  

OCWD Limited restrictions. Uses a replenishment fee. 

FCMGA Charges a modest extraction fee based on crop type. 

Zone 7 
Sells imported water to retailers who also pump groundwater but have a fixed 
annual quota that if exceeded requires a recharge fee. 

 

- Many districts use a replenishment fee, but there is variation in how that is implemented. All 

rely on some conservation measures and curtailing use during drought. 

 

OCWD – Uses a replenishment fee proportional to pumping.  

Zone 7 – Retailers receiving water from Zone 7 also pump groundwater, but have a fixed annual quota 

which if exceeded requires them to pay a recharge fee.  

FCGMA – Uses crop-type allowances and charges an extraction fee.  

OBGMA – Uses an irrigation allowance chart per crop type for agricultural users who are required to 

adhere to guidelines on how much water can be used per crop per acre.  

 
Safe Yield (SY) and Overdraft 

- Special Act Districts use a variety of criteria. 

 

MCCSD – Because the Mendocino Headlands aquifer is an open system, the SY is highly variable and 

depends on annual rainfall patterns. Therefore, the rate at which water can be withdrawn perennially 

without producing a long-term decline in water levels is important.  
 

OCWD – No SY has been established for OCWD. Instead, the process that determines a sustainable 

level of pumping considers the basin’s safe operating range and basin storage conditions, water 

demands, and the amount of available recharge water. The basin is managed to avoid groundwater 

elevations dropping to levels that result in defined negative or adverse impacts.17 OCWD has also 

detailed the benefits and constraints of different levels of accumulated overdraft. 
 

ACWD – The annual rate of recharge is estimated in a year where precipitation totals come close to 

their historical averages. The annual overdraft is defined as the difference between the amount of 

groundwater pumping and the amount of water recharged from local water supplies for the fiscal year, 

including applied water and rainfall, plus the portion of watershed runoff impounded at the recharge 

facilities, less evaporation of such impounded water, and less saline and other outflows from the basin.  
 

FCGMA – There are seven distinct groundwater basins within FCGMA’s boundaries, and there is no 

specific SY for each individual basin. Rather than relying on SY, the FCGMA sets annual Basin 

Management Objectives (BMOs) for water levels and water quality in each of the basins and aquifers 

within its boundaries.  
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Groundwater Level Trends  

Table 6: Condition of the Basin 

Special District Population  
Import 
Water 

Long-term Groundwater Level Trends 

OCWD 

Municipal, 
industrial 

2.4 million  

Yes Increase – Levels in the Forebay Area, once the most threatened 
portion in the aquifer have increased since the mid-twentieth century, 
but levels elsewhere have dropped. 

SCVWD 

Municipal/some 
agriculture 

1.8 million  

Yes Increase – While pumping exceeds the rate of natural recharge, 
imported water from the SWP and CVP and recycled water have 
contributed to higher groundwater levels across both sub-basins. 

ACWD 

Municipal, 

industrial  

343,499 

Yes Increase – GW levels are much higher today than in the recent past. 
The District is dependent on SWP water, but there is increased 
reliance on local surface water and a new desalination facility. 

ACFCCD, Zone 7 

Municipal  
220,000 

Yes Increase – GW levels in tLivermore-Amador Basin have increased, 
with imported water and increasing artificial recharge. 

MPWMD 

Municipal, 

some agriculture 

104,129 

No Decrease – Despite recent efforts to reduce the rates of groundwater 
pumping and increase the rate of artificial recharge of the Seaside 
Groundwater Basin, overdraft remains a perennial concern across 
MPWMD service area. 

DWA 

Municipal  

(Palm Springs) 

71,000 

Yes Mixed – Aquifers are shared with CVWD, where most pumping 
occurs. Colorado River water and exchanges with the MWD for SWP 
water helped GW levels rise across most sub-basins of the Coachella 
Valley, but levels declines during drought. 

MCCSD 

Small town 
~ 1,000 

No Not Applicable – Mendocino Headlands’ winter inflows discharge 
into the Pacific Ocean through porous rock formations, restricting the 
open aquifer system from storing water over extended periods. 

FCGMA 

Agriculture/ 

some municipal 

700,000 

No Mixed – During some wet years, production was close to recharge, 
but in dry to moderate rainfall years, extraction rates exceed the rate 
of recharge. Current rates of extraction exceed the rate of recharge 
by about 50 %. However, not all basins have been affected equally. 

PVWMA 

Agriculture/ 

some municipal 

114,252 

No Decrease – Groundwater levels are now 10–20 feet below sea level 
across much of the Basin, but the rate of seawater intrusion has 
slowed. 

OGMA 

Agriculture/ 

some municipal 

8,258 

Yes Stable – The availability of imported water from the neighboring 
Casitas Municipal Water District has helped stabilize groundwater 
levels in recent years. 

SVGMD 

Mixed use/rural 
2,196 

Yes Decrease – Levels recovered during the 1990s after over a decade in 
decline, but have fallen again in recent years. 

HLVGMD, LVGMD, 
TVGMD  

 
No 

NA 

Future Challenges 

Many districts, including all the major municipal districts, have an insufficient quantity of local 
supply to meet local demand, and they rely significantly on imported water to grow and 
sustain their basin. While actively seeking additional sources of supply, preventing 
groundwater level declines may be more challenging in the future as imported water becomes 
more expensive and less reliable, and droughts are more extreme under climate change. 
More comprehensive strategies to reduce demand along with conservation may need to be 
considered.
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1 Initially agricultural irrigation played a more significant role in groundwater production, but today large-scale agriculture is virtually absent from 
OCWD service area. 
2 SCVWD operates separate sets of policies between the densely populated, urban Santa Clara Valley Groundwater Basin and the more sparsely 
populated Llagas Sub-basin where irrigation still comprises a significant share of water use – this basin has less stringent regulations than the 
exclusively urban basin to the north. 
3 No data on agriculture 
4 78 percent of total water use in 2015. Limited agricultural use around district margins. 
5 District service area supplied by the Cal-Am Water Company; agricultural irrigation supplied by private wells. Agriculture is limited, comprising 
less than half of total district water use. 
6 No agriculture. District only serves incorporated area of town  
7 Agriculture is the dominant water user, but the deep Fox Canyon aquifer also accounts for more than half of the water needs for 0.7 million 
residents in the cities of Ventura, Oxnard, Port Hueneme, Camarillo, and Moorpark, plus the unincorporated communities of Saticoy, El Rio, Somis, 
Moorpark Home Acres, Nyeland Acres, Leisure Village, Point Mugu, and Montalvo. 
8 Over 70 percent of production supplies agricultural irrigation. 
9 Agricultural irrigation is 85 percent of total groundwater production in service area. The City of Watsonville contains about half of the total 
district's population, and municipal production is only 15 percent, but relies on public water provision to meet municipal and industrial needs.  
10 Roughly 40 percent of production is for municipal use and distributed through public water system, The remainder consists of privately operated 
wells, predominantly supplying water for irrigation, but this also includes rural domestic wells. 
11 There is no publicly maintained distribution system located within district boundaries, leaving most residents reliant on private wells to meet 
domestic needs. Some irrigation but precise figures are not readily available. District has been activated, but has no permanent, full-time staff and no 
website. 
12 Limited information. 
13 Limited information. 
14 One of the most sparsely populated rural districts in the state, with both irrigated agriculture and a population that is heavily reliant on private 
wells to meet domestic and household needs, but a precise breakdown is unknown. 
15 Bulletin 118 pg. 163 (2003).  
16 Christine Souza, For groundwater, local management proves effective, Ag Alert (Aug. 6, 2014), http://www.agalert.com/story/?id=7007. 
17 Id. At 3.4 and 10-1, 10-2. 

http://www.agalert.com/story/?id=7007
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