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EXECUTIVE SUMMARY 

The McMullin Area Groundwater Sustainability Agency (MAGSA) submitted a Groundwater 
Sustainability Plan (GSP) in 2020 to address the requirements of the Sustainable Groundwater 
Management Act (SGMA), which requires groundwater basins to achieve sustainable levels of 
pumping by the year 2040. The requirements of SGMA may limit future groundwater 
withdrawals. Because the local economy depends heavily on irrigated agriculture, pumping 
restrictions could lead to reduced agricultural output and economic losses in the area. MAGSA 
identified development of a groundwater marketing strategy as a component of its GSP 
implementation that could help MAGSA landowners comply with pumping limits and provide 
additional operational flexibility 
for agricultural lands.  

Groundwater markets are a 
relatively new concept but have 
been developed and implemented 
in other regions of the US and 
internationally with varying 
objectives and structures. The 
fundamental structure of SGMA 
presents a unique opportunity for 
groundwater markets to develop 
across California that are tailored 
to the needs and specific water 
supply environments of the many 
GSAs.  

This study provides a baseline 
assessment of a groundwater 
market in MAGSA that would 
facilitate movement of 
groundwater pumping for the 
mutual benefit of willing sellers 
and willing buyers on a temporary 
or permanent basis.  

The report includes several 
sections describing background 
conditions and issues related to a 
groundwater market, followed by a 
“roadmap” for continued 
development and implementation 
of a groundwater market in 
MAGSA.  
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Regional Setting  
The regional setting in MAGSA is generally favorable for development of a groundwater market. 
The groundwater flow system is relatively simple and groundwater flow patterns are generally 
predictable. This means that any change in groundwater pumping patterns that result of 
groundwater trading can be predicted and incorporated into market rules that would prevent 
negative impacts to groundwater levels from groundwater trading. In addition, the aquifer is 
capable of accepting 
managed aquifer recharge 
(MAR) and the GSP 
includes a number of 
projects intended to allow 
delivery of surface water 
into MAGSA. This 
intentional recharge of 
surface water can also be 
incorporated into the 
groundwater market. 
MAGSA is actively 
developing MAR concepts 
to increase groundwater 
recharge and provide 
banking capability for 
groundwater withdrawals.  

While the various opportunities to increase recharge to MAGSA’s aquifer create complexities 
with respect to the accounting of groundwater in a market, they are technically sound and could 
result in measurable improvements in groundwater levels and assurance of groundwater 
sustainability into the future. 

Groundwater Market Issues 
There are several important policy issues associated with development of a groundwater market. 
First and foremost is the issue of a groundwater allocation policy. An allocation policy links the 
total sustainable yield of the aquifer to pumping limits for individual groundwater users within 
MAGSA. An allocation is a key requirement for a groundwater market because it quantifies what 
groundwater assets potential traders have and provides the basis for making a decision on 
whether to enter a market as either a seller or a buyer. Without an allocation, pumpers face no 
effective scarcity of groundwater and have no motive to participate in a market. MAGSA could 
implement and enforce an allocation policy without a groundwater market. However, an 
allocation policy combined with a groundwater market can offer flexibility and economic 
benefits to individual water users while complying with the overall pumping limits established in 
the allocation policy. The MAGSA Board of Directors has not yet initiated any policies related to 
allocations, so discussions throughout this report are general, and not specific to MAGSA. There 
are many nuances to an allocation policy related to timing, spatial extent, landowner preference, 
and legal precedent. In general, the groundwater market requires thoughtful development of the 
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groundwater allocation policy so that it aligns individual landowner water rights and entitlements 
with overall MAGSA sustainability objectives and a functional trading system.  

In addition to the allocation policy, there are market design issues to consider related to defining 
tradable assets within the market, establishing contracting requirements and rules for trading 
within the market, and evaluating environmental compliance of both the market itself and 
potentially individual trades that occur within the market. These and other policy issues will need 
to be addressed as the design of a groundwater market develops.  

Stakeholder and Public Outreach 
To explore groundwater market issues with stakeholders and the public, MAGSA engaged in a 
robust stakeholder and public outreach effort that was outlined in a communication and outreach 
plan. The purpose of the outreach process was three-fold: 

• To begin educating stakeholders about groundwater markets 

• To facilitate an environment in which stakeholders’ voices could be heard 

• To collect feedback from stakeholders to inform the market strategy  

Existing outreach strategies were used to support the groundwater market outreach. One-on-one 
and small group interviews were conducted to provide the opportunity to express confidential 
input about interests, opportunities, and concerns regarding elements of a water marketing 
strategy. Interviewees included agricultural landowners who might participate in a water market, 
individuals with regulatory interests, and landowners with small acreages or domestic wells. 
There were also regular updates on the development of the strategy at the monthly meetings of 
the Technical Advisory Committee (TAC), Stakeholder Committee, and MAGSA Board of 
Directors. Technical workshops (via Zoom) were held throughout the strategy development 
period to present groundwater market concepts and design options and solicit feedback on 
stakeholder concerns. A groundwater trading exercise was also conducted to demonstrate how 
groundwater trading might occur under different market design scenarios. 

Potential Benefits of a Groundwater Market 
There are potential regional economic gains from trading that result from improved flexibility in 
distributing a limited amount of groundwater pumping. An economic optimization model was 
used to evaluate total gross revenue from agricultural production with and without a groundwater 
market in the MAGSA area. The economic model reflects the sustainable yield, crop water 
demand, returns to farming, and current crop market conditions. It was calibrated to the MAGSA 
GSP groundwater budget and assumes a decrease in total groundwater availability of 90,000 AF 
over the next 20 years.  
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Without a market, the model 
predicted average gross crop 
revenue of $447 million per 
year. With a market, annual 
gross crop revenue averages 
$554 million per year. 
Therefore, the market produces 
an additional $107 million per 
year (24 percent higher) 
compared to the without market 
scenario. Both the “with market” 
and “without market” scenarios 
have lower revenue compared a 

no-SGMA baseline. The reason for the improved revenues under a market scenario is that 
groundwater finds higher value crops via the market. Limited groundwater supplies move to 
higher value (more profitable) uses, and this provides a better overall economic outcome to the 
region. 

A groundwater market can also provide benefits to individual sellers and buyers in a market that 
they would not otherwise have under a simple allocation policy. These benefits are referred to as 
the “gains from trade” and include benefits to both the buyer and seller. How individual buyers 
and sellers realize a gain from trade depends in part on the design of the marketplace where 
buyers and sellers go to gather information and negotiate trades. Market trading structures range 
from informal to formal and may be considered further. 

• Bilateral trading, also referred to as “coffee shop markets,” are one-to-one 
negotiations that occur informally and are therefore highly decentralized. 

• Bulletin board listings are similar to bilateral trading but provide a centralized hub for 
identifying trading parties (only one coffee shop). 

• Brokered trades involve hiring brokers to represent buyers or sellers to identify 
interested parties and negotiate terms. 

• Electronic markets, also called “smart markets,” provide a centralized hub where 
buyers and sellers confidentially disclose their willingness to sell or buy, and a 
computer algorithm is used to match buyers with sellers in an automated fashion. 

Each trading structure has advantages and disadvantages related to the overall trading 
environment and the methods for tracking and reporting the outcomes of trades. In stakeholder 
workshop #3, MAGSA stakeholders participated in a trading exercise that showed how bilateral 
trading via a bulletin board differed from an electronic smart market. The exercise was highly 
simplified (in part because it had to be conducted remotely over Zoom), but gains from trade 
were realized by both buyers and sellers. However, the distribution of gains between buyers and 
sellers was more even under the electronic market. In the bilateral trading round, the sellers often 
sold at prices lower than what a buyer was actually willing to pay. The electronic market 
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algorithm was programmed to find a price close to the mid-point between the sellers willingness 
to accept and the buyers willingness to pay. 

It is possible, and perhaps desirable, to allow multiple trading structures to operate in the 
MAGSA groundwater market. Allowing multiple trading structures may offer flexibility to trade 
groundwater in the way that works best for individual traders. However, it may also require more 
complex and costly oversight by MAGSA to ensure that each trading structure is operating 
consistently with the others and each is correctly applying the allocation policy and market rules. 

Roadmap 
The overall framework for groundwater trading in the MAGSA area involves eight components 
as shown in the following “roadmap” figure. Each component can generally be implemented in 
sequence, and will require specific guidance by the MAGSA Board of Directors. A brief 
overview of each component of the roadmap is provided below. 

 

• Stakeholder outreach. This was an important element of this study and should 
continue if MAGSA continues to consider a groundwater market. The process so far 
has identified both concerns and interests that should be further explored and 
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resolved. Uncertainty regarding the future allocation policy underlies most 
stakeholder input (both concerns and interests). 

• Allocation Policy. An important next step for MAGSA will be to develop an 
allocation policy. This is expected to take place after the GSP is formally accepted by 
DWR. Without scarcity in the ability to pump groundwater, a market is unlikely to 
become functional. Because many of the projects and management actions being 
considered in the MAGSA GSP related to increasing the overall water supply through 
enhanced recharge, there may be a perception that a market is not needed since there 
could be a future increase in supply. However, even if future supply increases as a 
result of intentional recharge to groundwater, there could still be a role for a 
groundwater market to help distribute pumping of that recharge based on market 
forces and not allocation policies set by MAGSA. 

• Tradable units. The allocation describes the total amount of groundwater that can be 
pumped, both in total and by individual landowners. Tradable units are the “currency” 
of the market and can be the same or different than the units used to describe the 
allocation policy.  

• Trading structures. Trading structures should be evaluated further and tested with 
stakeholders. Most of the trading structures considered in this study are fairly 
straightforward and represent conventional structures that are used in many types of 
markets (i.e. not water markets). Electronic smart markets are more complex, but 
offer potential efficiencies and consistency in how trades are evaluated and executed. 
Integrating multiple trading structures should also be considered. 

• Market rules. Market rules are needed to enable the trading structures to function and 
to inform potential buyers and sellers about specific constraints on trading. In 
addition to basic functional rules, this step also should address possible negative 
impacts from groundwater trading and define rules that would avoid them. Small 
scale piloting of rules (with either actual trading or simulated trading) is an effective 
approach to developing effective rules.  

• Monitoring and Enforcement. Monitoring and enforcement will involve oversight of 
both the market and the underlying allocation. MAGSA is responsible for ensuring 
groundwater sustainability in a regional context and will need to demonstrate that 
trading is not causing undesirable results or impeding progress toward sustainability. 
Monitoring of groundwater pumping and perhaps other criteria related to SGMAs 
undesirable results, may need to be incorporated into trade agreements between 
buyers and sellers. The market itself also needs to conform to commercial laws and 
business convention, so monitoring of trade activity from that perspective should also 
be anticipated.  

• Administration and reporting. MAGSA is ultimately responsible for oversight of a 
groundwater market, if one is developed, but this does not necessarily require 
MAGSA to become the “market administrator.” Day-to-day administration of a 
market, including communication with participants, approval of trades, monitoring 
and reporting activity, can be delegated to a third party. However, MAGSA, at a 
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minimum, must approve and adopt the trading structure, market rules, monitoring 
requirements, and enforcement mechanisms that enable the market to function. 
Periodic review and auditing of third-party market administration by MAGSA’s 
board is advisable. 

At each step of the roadmap, the MAGSA Board of Directors will be required to make policy 
decisions that underpin the groundwater market. Thoughtful organization, discussion, and 
enactment of these policies will enable MAGSA to realize its goals and objectives for a 
groundwater market. 

Next Steps 
In addition to implementation of the components of the roadmap, the following are technical 
gaps are recommended to support further analysis of a groundwater market. 

• Hydrogeologic model to analyze potential impacts from trading. 

• Further economic modeling to analyze trading outcomes in response to market rules. 

• Further outreach and additional trading exercises. 

Once MAGSA has a formally approved GSP, elements of the GSP related to sustainable yield, 
groundwater monitoring and measurement of groundwater withdrawals should be finalized in the 
form of MAGSA policy. 
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1. INTRODUCTION  

For decades, water users in arid and semi-arid regions have adopted various institutional 
approaches to manage water. In some cases, these institutions have created market conditions 
designed to meet local needs. Water markets are typically designed to facilitate movement of 
water for the mutual benefit of willing sellers and willing buyers on a temporary or permanent 
basis, according to a defined set of rules. These transactions have the potential to enable greater 
flexibility on the part of individual water users in response to conditions that affect supply and 
demand. A well-functioning water market also has the potential to signal the value of water in 
different uses and allow water to move to its higher value uses. For these reasons, the McMullin 
Area Groundwater Sustainability Agency (MAGSA) identified development of a water 
marketing strategy as a component of its Groundwater Sustainability Plan (GSP) 
implementation. 

1.1 McMullin Area Groundwater Sustainability Agency 
MAGSA is a Joint Powers Authority (JPA) comprised of three member agencies—Mid-Valley 
Water District, Raisin City Water District, and the County of Fresno—and covers an area of 
about 120,000 acres (188 square miles) in northcentral Fresno County, California. In addition to 
areas overseen by its three member agencies, the MAGSA area also includes two ecological 
reserves managed by the California Department of Fish and Wildlife. There are no tribal or 
federal lands within the MAGSA area. MAGSA was formed in response to the Sustainable 
Groundwater Management Act (SGMA), which was passed into law in 2014. A map of the 
MAGSA area and other Groundwater Sustainability Agencies (GSAs) within the Kings Subbasin 
is shown in Figure 1. 

Over 90 percent of the total area within MAGSA is agricultural land. There are both large and 
small farming operations that generally host permanent crops and annual row crops, including 
vineyards, orchards, alfalfa, dairy farms, poultry farms, and various row crops. In addition to 
agricultural water use, there are municipal, domestic, industrial, and environmental water uses 
within the MAGSA area. Water users within the MAGSA area have relied exclusively on 
groundwater pumping to meet water demand and have not had reliable access to surface water. 
Until the enactment of SGMA, there were essentially no restrictions placed on groundwater 
pumping. This has led to declining groundwater levels and the designation of the Kings Subbasin 
as a critically over-drafted groundwater basin. The requirements of SGMA may limit 
groundwater withdrawals in the area. At the same time, MAGSA is actively seeking 
opportunities to import surface water to augment groundwater supply. 
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1.2 Vision for Groundwater Marketing 
MAGSA has developed and adopted a comprehensive GSP that will guide the future use of 
groundwater in the area for many years to come. MAGSA has also identified groundwater 
marketing as a component of GSP implementation. If a groundwater market is developed, the 
vision for a groundwater market could be: 

1.3 Market Goals and Objectives 
The goals and objectives of the MAGSA groundwater market are framed around the six elements 
shown in Figure 2. 

The ability for all MAGSA stakeholders to participate in the voluntary 
exchange of groundwater pumping credits to provide flexibility and 
confidence managing their individual water needs, while also helping 
MAGSA achieve groundwater sustainability targets under SGMA. 
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Figure 2: MAGSA Groundwater Market Goals and Objectives  
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1.4 Report Structure 
The development of this water marketing strategy is funded in part by a WaterSMART Water 
Marketing Strategy Grant from the United States Bureau of Reclamation (USBR), which seeks to 
help water users meet demands efficiently in times of shortages, thereby addressing water supply 
reliability, increasing water management flexibility, and helping to prevent conflicts. This report 
outlines the process for establishing a water market between willing participants, in compliance 
with State and federal laws, and is structured as follows: 

• Section 1 contains introductory material, including an overview of the vision, goals, 
and objectives of a groundwater market. 

• Section 2 contains an overview of the physical and management setting in the 
MAGSA area. It includes references to details included in the MAGSA GSP and a 
technical overview of the hydrogeology and management framework presented in the 
GSP. 

• Section 3 contains a discussion of issues pertinent to the development of a 
groundwater market. It includes an overview of the differences between surface and 
groundwater markets; the framework and dimensions of a groundwater allocation; 
and a discussion of various legal considerations related to a groundwater market. 

• Section 4 summarizes the stakeholder outreach and workshop activities conducted 
during this investigation. It focuses on processes, but also includes summaries of 
results. 

• Section 5 contains an analysis of the potential economic benefits of a groundwater 
market. The analysis is based on a simplified model of projected agricultural crop 
revenues and crop distribution with and without a groundwater market. Other water 
users may also participate in a market, but agriculture is the dominant use, so it is 
used for this simplified analysis here. The analysis is preliminary and based on 
assumptions that are likely to change as details of a potential groundwater market are 
developed. 

• Section 6 presents a roadmap for continued development of a groundwater market 
strategy. It lays out an approximate sequence of activities that should be further 
developed and formalized to build a groundwater market system. 

• Section 7 describes initial policies and discussion items that the MAGSA Board of 
Directors should consider to implement the roadmap described in Section 6. This 
section is not an exhaustive summary of detailed policy considerations but outlines 
several core policies that would be helpful to adopt prior to detailed development of 
rules and regulations for a groundwater market. 
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2. REGIONAL SETTING 

This section summarizes pertinent aspects of the regulatory, physical, and management setting of 
the MAGSA area. 

2.1 Groundwater Market in the Context of SGMA 
Groundwater makes up a large part of the water supply in California and, in some parts of the 
state, is the only water supply available year-round. The California Department of Water 
Resources (DWR) helps assess groundwater supply and provides resources and data related to 
the state’s groundwater basins. DWR defines the boundaries of groundwater basins based on a 
document called “Bulletin 118”,1 which identifies the boundaries of each groundwater basin and 
summarizes basic aquifer characteristics, groundwater use, and other information. Groundwater 
pumping has historically been largely unregulated in California’s Central Valley, though subject 
to a myriad of intertwined laws and court cases. The issue of groundwater overdraft in certain 
groundwater basins has been ongoing for many years, but gained increased attention beginning 
in 2012, when California experienced severe and persistent drought conditions for four 
consecutive years. In 2015, California enacted the SGMA, aimed at addressing groundwater 
overdraft and providing an overall framework for groundwater management. The geographic 
structure of SGMA is based on the Bulletin 118 groundwater basins, and each designated basin is 
subject to regulation under SGMA. This groundwater legislation outlines the steps to establish 
GSAs and then develop and implement GSPs. Each groundwater basin can be managed by one 
or more GSAs and each groundwater basin can develop a single GSP or multiple GSPs for each 
GSA (with appropriate coordination agreements between multiple GSAs). Further details on 
SGMA and the framework of GSAs and GSPs can be found at the DWR website: 
https://water.ca.gov/programs/groundwater-management/sgma-groundwater-management 

Under SGMA, GSAs must develop and implement GSPs to manage groundwater by evaluating 
six groundwater sustainability indicators and developing actions that avoid so-called undesirable 
results for each of those sustainability indicators. The six sustainability indicators are 
groundwater levels, groundwater storage, water quality, seawater intrusion, land subsidence, and 
interconnected surface water, as shown in Figure 3. SGMA defines undesirable results as those 
that are “significant and unreasonable”. SGMA allows each individual GSA to define and 
justify undesirable results in their specific groundwater basin. 

 

 
 

Figure 3: SGMA Undesirable Results  

 
1 Department of Water Resources. 2016. California’s Groundwater. Bulletin 118 Interim Update 2016. 

https://water.ca.gov/programs/groundwater-management/sgma-groundwater-management
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To achieve sustainability and avoid undesirable results as required by SGMA, GSAs are 
developing ongoing and future projects and management actions. Projects and management 
actions are intended to achieve a sustainable level of groundwater pumping in each basin over 
the long-term. Achieving this balance in a given basin comes from enhancements to groundwater 
supply or other water supplies, reductions in groundwater demand, or a combination of both. A 
functioning groundwater market has the potential to incentivize water users to dedicate water to 
higher value uses in response to demand reduction measures or supply enhancement projects, 
according to a defined set of rules. 

2.2 Physical Setting 
This section describes surface water and topography, as well as the aquifer system and 
groundwater supply, of the MAGSA area. 

2.2.1 Surface Water and Topography 
The MAGSA area is located in the Kings Groundwater Subbasin (Kings Subbasin) in 
northcentral Fresno County in the San Joaquin Valley of California. The topography and surface 
water features of the Kings Subbasin are shown in Figure 4. The topography of the area slopes 
east to west from the Sierra Nevada foothills and is bounded on the north by the San Joaquin 
River and on the south by the Kings River. The western boundary of the Kings Subbasin 
includes an irrigation canal called the James Bypass. The James Bypass is adjacent to the 
MAGSA area and is a separate GSA within the Kings Subbasin (Figure 1). 

The MAGSA area has a unique topographic location. The James Bypass, located on the MAGSA 
area’s western boundary, creates a connection to both the Kings River system and the San 
Joaquin River system. Specifically, flood flows that enter the North Fork Kings River can flow 
northward via James Bypass into the San Joaquin Basin. In addition, surface water can flow 
southward into the MAGSA area from several portions of the California Aqueduct system with 
relatively modest pumping requirements. This offers unique opportunities for groundwater 
storage that are discussed in Section 3. 

2.2.2 Aquifer System 
The aquifer system underlying the MAGSA area is part of the regional Central Valley aquifer 
system, which stretches from the Sacramento River in the north to the Kern River basin in the 
south near Bakersfield. This regional aquifer system is comprised of multiple layers of variably 
consolidated silt/clay and sand/gravel, underlain by bedrock at depths of more than 2,000 feet in 
the center of the valley. This portion of the Central Valley was once an inland sea, and there is 
saline water in the deepest portions of the aquifer system. 

A conceptual east-west cross-section of the aquifer system that extends from the Sierra Nevada 
foothills into the MAGSA area is shown in Figure 5. Groundwater pumping is concentrated in 
“Layer 3,” which is an unconfined to semi-confined aquifer. The MAGSA area is located where 
the “edge layers” and clay interbeds (“A-clay,” “C-clay,” “E-clay”) become prevalent as 
compared to the eastern portion of the cross-section. These clays create a semi-confined aquifer 
system, where recharge originating from the east can become confined or pressurized beneath the 
clays.  



MAGSA Groundwater Marketing Evaluation and Strategy 7 October 2021 

A map-view of the extent of the primary clay interbeds underlying the MAGSA area is shown in 
Figure 6. The deepest clay (E-clay) is the most extensive but is found at depths of 600 feet or 
more. In the MAGSA area, there is limited groundwater pumping below the E-clay. The 
shallower clays (A-clay and C-clay) are found in relatively discrete areas in the northern and 
southern portions of the MAGSA area. The best shallow recharge areas are in the eastern portion 
of MAGSA.  

A contour map of groundwater elevations within the MAGSA area for the year 2013 is shown in 
Figure 7. Groundwater generally flows from east to west and there is a significant convergence 
of flow towards the southwest portion of the MAGSA area. This is shown by the closed contours 
(a “bullseye” of sorts) in Figure 7. In the northern portion of the MAGSA area, there is a 
groundwater divide. Groundwater originating north of the divide flows to the west/northwest and 
leaves the MAGSA area, while groundwater originating south of the divide flows towards the 
“bullseye” and remains within the MAGSA area. A second groundwater divide is present in the 
southern portion of the MAGSA area. Groundwater originating south of this divide flows to the 
south/northwest and leaves the MAGSA area, while groundwater originating south of the divide 
flows towards the “bullseye” and remains within the MAGSA area. Groundwater contour maps 
for other periods are presented in the GSP and show a similar pattern, with a central bullseye and 
groundwater divides in the north and south. The location of the groundwater divides appears to 
change somewhat from year to year. In some years the northern groundwater divide shifts 
northward and there is a stronger flow direction to the north. The southern groundwater divide 
also appears to shift northward in some years and the “bullseye” also moves northward. 
However, this groundwater pattern appears relatively stable overall, and most of the 
groundwater within the MAGSA area stays within the MAGSA area. 

The local economy in the MAGSA area—and the greater Fresno area and San Joaquin Valley—
depends heavily on irrigated agriculture. Irrigated acreage in the MAGSA area is predominately 
planted to permanent crops, including a mix of grapes, pistachios, and almonds. Feed and forage 
crops support local dairies, and a mix of annual vegetables and field crops round out the acreage. 
Land cover and crop distribution in the MAGSA area as of 2016 using DWR cropland mapping 
data are shown in Figure 8. Crops are generally spread evenly across the GSA, with 
concentrations of pistachios and annual vegetable rotations on the western portion and vineyards 
planted predominately in the southeast. 

The share of acreage planted to permanent crops in the MAGSA area (almonds, pistachios, 
grapes) has been steadily increasing. This has been driven by favorable market conditions and is 
consistent with trends across the state. Relative to annual crops, these permanent plantings 
require a substantial capital investment to establish and require consistent irrigation in all years. 
This has led to a hardening of irrigation water demand, which in turn increases the value of water 
in the area, with important implications for MAGSA market design. 

2.2.3 Groundwater Supply 
The general distribution of groundwater uses is described in the GSP through maps of well 
densities based on data from the DWR. Figure 9a shows well density (calculated as wells per 
square mile) for agricultural, domestic, and municipal or industrial beneficial uses. There are 
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over 1,400 wells within the MAGSA area. Figure 9b shows the distribution of wells by use type, 
summarized as follows: 

• There are over 900 agricultural wells in the MAGSA area, with an average well 
density of about 5 wells per square mile. 

• There are over 500 domestic wells with the highest density in the southeast portion of 
the MAGSA area around the community of Raisin City. There are also relatively high 
domestic well density in the area around the Alkali Flats Ecological Reserve. There 
are four areas where domestic well density exceeds 20 wells per square mile. 

• There are 22 wells designated as a municipal or industrial beneficial use, located in 
discrete sections across the MAGSA area with no more than 2 wells per square mile. 

With regards to a groundwater market, areas with higher densities of municipal or domestic 
wells should be examined when developing market rules to ensure that trading does not cause 
impacts to potable water supplies. 

The sustainable yield of the entire Kings Subbasin is estimated to be 1,170,000 acre-feet per year 
(AF/yr) in the MAGSA GSP. The GSP recognizes that this is an approximation and “the 
sustainable yield may go up or down over time.” Because the sustainable yield is presented at the 
subbasin scale, the sustainable yield within the MAGSA area is not presented explicitly. The 
GSP notes that “the effective sustainable yield on a per acre basis will be different for each GSA 
and may also vary in different parts of the GSA.” The current MAGSA water budget (shown in 
Table 3-6 of the GSP) indicates 292,800 acre-feet (AF) of pumping under average year 
conditions.  

2.3 Management Setting 
This section describes the management setting in the MAGSA area in terms of its sustainable 
groundwater management objectives, communities and economic base, potential hydrogeologic 
trading zones, and planned surface water delivery infrastructure. 

2.3.1 Sustainable Groundwater Management Objectives 
The MAGSA GSP includes definitions of “Minimum Thresholds (MT)” and “Measurable 
Objectives (MO)” that will guide the implementation of the GSP and determine whether the 
GSA is achieving sustainability under SGMA. The MT and MO are quantitative groundwater 
levels at specific well locations. The MT value represents an “undesirable result” and if a well 
reaches its MT, the GSA may be out of compliance with its GSP if it determines that the MT 
condition is, in fact, “significant and unreasonable” with respect to the other indicators . The MO 
value represents the “desired state” for that well in 2040 and demonstrates compliance with the 
GSP if that well reaches its MO by 2040. 

The MT and MO establish physical constraints for the operation of a groundwater market. A 
groundwater market will need to ensure that trading does not cause wells to reach their MT and 
does not cause wells to miss their MO by 2040. Figure 10a shows the network of wells that will 
be used to monitor groundwater levels in the MAGSA area. Table 1 shows the current 
groundwater level (referred to as the “2020 Interim Milestone”) and associated MT and MO for 
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each well in 2040. The groundwater levels associated with the MO essentially represent the 
“desired state” for the groundwater flow field in the MAGSA area by the year 2040. The future 
flow field based on the MOs is similar to the current condition, with groundwater divides in 
northern and southern areas of MAGSA, and a large cone of depression in the center of the GSA 
(Figure 10b). Market rules should seek to maintain this flow pattern to remain compliant with 
SGMA. Market rules will also need to prevent wells from reaching their MT as a result of 
trading. The flow field based on the MTs shows lower groundwater levels as compared to the 
current condition (Figure 10c). 

2.3.2 Communities and Economic Base 
MAGSA is located within unincorporated Fresno County and comprised predominantly of 
agricultural land. Raisin City is the largest community and has a population of less than 500. 
Most parcels in the MAGSA area do not support full time residents. However, over 500 wells 
designated as domestic wells are on file with DWR (Figure 9b), so the population could be on 
the order of 2,000 residents. 

The local economy in the MAGSA area—and the greater Fresno area and San Joaquin Valley—
depends heavily on irrigated agriculture. Transportation, processing, farm labor, retail, and 
warehousing income all depend on the viability of the agricultural sector. GSP implementation in 
the MAGSA area and other Kings Subbasin GSAs will affect the cost and availability of water, 
which will affect irrigated agriculture and the businesses and communities it supports. 

Irrigated acreage in the MAGSA area is predominately planted to permanent crops, including a 
mix of grapes, pistachios, and almonds. Feed and forage crops support local dairies, and a mix of 
annual vegetables and field crops round out the acreage. The trends in acreage are similar to 
other parts of the state. Strong domestic and export demand for nuts drove valuable orchard 
plantings that continue today. Prices peaked in 2014 and 2015 and have since softened in 
response to a stronger U.S. dollar, export tariffs, and weaker economic growth in key Asian 
export markets. Planting has slowed slightly over the last couple of years. Similarly, a strong 
dairy market and severe drought in 2014 and 2015 affected feed and forage production. After 
several years of low prices, the dairy industry has seen above-average conditions as the economy 
rebounds from the 2020 pandemic-induced slump.  

Annual gross crop2 farm-gate value (gross farm revenue/income) is around $650 million per 
year. This accounts for around 12 percent of the total value of Fresno County crop production in 
most years. Almonds, pistachios, and grapes (all types) account for around 29, 10, and 46 percent 
of the total value of production in the MAGSA area (over three-quarters of annual value in total). 
The economic conditions in the MAGSA area are described in Appendix B. 

2.3.3 Surface Water Delivery Infrastructure 
A total of 12 infrastructure projects are proposed in the GSP, and each project has been ranked 
according to a cost-benefit methodology described in Section 6.2.14 of the GSP. The projects 

 
2 The values do not include dairy or other value-added activities, just the gross value of the crops produced.  
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identified in the GSP are shown in Figure 11a and Figure 11b and are summarized below in rank 
order: 

1. Fresno City Wastewater Treatment Plan Recharge Basin (Houghton Canal System) 
2. Fresno City Wastewater Treatment Plan Recharge Basin (Lower Dry Creek System) 
3. Groundwater Banking 
4. Lassen Avenue Reverse Flow and Recharge 
5. James Bypass Surface Water Supply and Recharge 
6. McMullin On-Farm Flood Capture  
7. Houghton Wasteway Expansion 
8. South Sandridge Water Supply and Recharge 
9. Stinson North Canal Phase 1 
10. Stinson North Canal Phase 2 
11. Grantland Area Recharge 
12. Consolidated ID Wristen Ditch Intertie 

Table 2 summarizes the cost and yield for each project, as presented in Table 6-35 of the GSP. 
Final implementation of these projects is not certain, and implementation will depend on various 
policy, regulatory, and engineering activities that will be conducted over time. Both the yield and 
costs of these projects are based on broad assumptions that will be refined. However, if all of 
these projects were implemented, the GSP estimates that these projects could yield 190,790 AF 
of water supply to the MAGSA area. Total capital costs for all 12 projects are estimated at 
$305,536,000. The average annualized cost per AF for all 12 projects is $117, assuming a 
5 percent interest loan over 30 years. 

Development of infrastructure to divert and deliver surface water throughout the GSA is 
included as part of GSP implementation. If surface water does become available, it could be 
factored into a groundwater market structure where surface water is used to actively recharge 
groundwater or is used in lieu of groundwater pumping. This active or in lieu recharge could 
create groundwater credits that could be traded in a groundwater market. If surface water is 
simply used for irrigation, the surface water would not enter into a groundwater market, but it 
could affect the native groundwater supplies and demands, which might have cascading effects 
on the pricing and location of groundwater trading. 
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3. OVERVIEW OF GROUNDWATER MARKET ISSUES 

This section provides an overview of general water market issues as they relate to the 
development of a MAGSA groundwater market. 

3.1 Surface Water versus Groundwater Markets 
Surface water has been marketed in California for many years, and most irrigation districts have 
some familiarity with the process and terminology used to buy, sell, or exchange surface water. 
Surface water is controlled by many different entities, including the State of California and the 
federal government. There is currently no significant surface water infrastructure within the 
MAGSA area and there is limited contract activity for state or federally managed surface water. 
However, the future importation of surface water into the MAGSA area for groundwater 
recharge is contemplated in the GSP. 

Sources of surface water are generally limited and have complex regulatory and legal issues. 
Appendix A contains a list of surface water sources potentially available to MAGSA, organized 
by the following geographic regions: 

1. Mainstem San Joaquin River upstream of Mendota Pool 
2. Kings River Basin 
3. Eastside Tulare Basin/Kern Basin  
4. San Joaquin River downstream of Merced (exported prior to Delta) 
5. Export from Delta Watershed (excluding the San Joaquin River)  

Ranking or analysis of each of the potential surface water sources in these areas is beyond the 
scope of this study, but the number of sources and source areas demonstrates that a variety of 
options are potentially available to MAGSA that could bring surface water into the GSA. As 
described previously, the MAGSA area is in a location that can accept surface water from nearly 
the entire Central Valley hydrologic system and deliver it both locally and via State Water 
Project (SWP) and Central Valley Project (CVP) infrastructure. Appendix A also includes 
recommended ranking criteria that could be used to identify the most promising options for 
further evaluation. 

Historically, groundwater has not been marketed extensively in California and most groundwater 
users have limited familiarity with processes necessary to buy, sell, or exchange groundwater. 
Some markets have developed in adjudicated basins such as Chino Basin in southern California. 
Groundwater markets have recently been explored and tested in a few areas of California 
including Fox Canyon GSA and Rosedale-Rio Bravo Irrigation District. Other states and 
countries have implemented groundwater markets, including Arizona, New Mexico, Nebraska, 
Colorado, Washington, and Australia. Water markets in these jurisdictions are closely tied to the 
water right that is associated with a groundwater withdrawal. In most cases, the state agency 
responsible for water right administration is involved in the market, primarily in the approval of 
trades and analysis of potential impairments to senior water rights. In relation to SGMA, GSAs 
would likely be the agency primarily responsible for administration and approval of trades and 



  

 

MAGSA Groundwater Marketing Evaluation and Strategy 12 October 2021 

analysis of potential impairments. The sustainable yield determined in each GSP, combined with 
the distribution of that sustainable yield to individual landowners in the GSA, would constitute 
the allocation framework for a groundwater market. There are still unknowns with regard to 
water right issues in the context of allocations, and they are discussed further in Section 3 and 
Appendix A. 

The process by which willing buyers and sellers find each other and negotiate their trades in a 
groundwater market is similar to that of a surface water market. These elements of a groundwater 
market are described in detail in Section 6 and Appendix B. However, there are several general 
factors that make the design and implementation of a groundwater market different than a 
surface water market, as described below: 

• Accounting Structure and Terms of a Trade. The structure of groundwater 
transactions is different than surface water. In a California groundwater market, a 
trade does not result in the actual transfer of physical water between the seller and 
buyer. The trade merely exchanges the ability to pump from the seller’s location to 
the buyer’s location. It can be challenging to determine whether the trade creates 
impacts to other beneficial uses and verify that both buyer and seller are complying 
with the terms of the trade. Other challenges can arise if there are different sources of 
water involved in the trade. More detailed accounting structures may be necessary for 
certain situations and may need to be reconciled with the monitoring and 
measurement methodologies used in the market, the impact analysis, and the terms of 
any enforcement of violations. 

• Measuring Groundwater Withdrawal. The terms of a groundwater trade; the 
validity of the trade; and the recording of the trade in relation to the sustainable yield 
and allocation must be based on an acceptable method for measuring the groundwater 
withdrawal of both the seller and the buyer. Surface water volumes are measured and 
monitored directly using calibrated measurement devices that are installed at multiple 
locations along river, irrigation canal, or farm turnouts. For surface water, 
measurement systems are well established and the water itself is quantifiable to both 
users and regulators. Groundwater does not have a well-established history of 
measurement in the Central Valley. Pumping in California is typically measured and 
reported in two ways:  
1. Remote Sensing. This method is relatively widespread in agricultural areas of 

California because of the general lack of meters in many agricultural wells. The 
method is based on satellite monitoring (remote sensing) of crop 
evapotranspiration and relies on identifying crop type based on satellite imagery 
and converting the acreage of each crop to a volume of water that is transpired 
(via evapotranspiration [ETc]) by that crop. Some remote sensing methods can 
directly estimate ETc without identifying the crop type. The volume of ETc is then 
adjusted based on the efficiency of irrigation technologies used, and surface water 
deliveries (if present) are subtracted from the ETc to arrive at a calculated 
groundwater volume that would have been required to generate the observed 
cropping pattern. While remote sensing provides a more uniform spatial approach 
to measuring groundwater withdrawals, the accuracy of the calculated 
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groundwater pumping is subject to multiple uncertainties from each of the 
variables used to make the calculation. Remote sensing also cannot associate the 
volume of ETc with a specific well, so it is most applicable for areas where 
pumping is applied to crops in the immediate vicinity of the pumping well. For a 
groundwater market, any trading that is verified through reporting of satellite 
based ETc should clearly define the methodology used to calculate groundwater 
pumping and state the accuracy of the calculation. 

2. Metering of Wells. Meters are the most direct measurement and generally have a 
high degree of accuracy if the meters are installed and maintained correctly. Any 
trading that is verified through reporting of metered groundwater extraction 
should include a method to also verify the accuracy of self-reported volumes as 
there is an opportunity for misreporting. MAGSA is currently developing a 
metering program that will enable remote-telemetry reported metering of 
groundwater withdrawals at all production wells within the GSA. 

• Determining Potential Impacts from Trades. Finally, the impacts and potential 
impairments of a groundwater trade differ from the impacts of a surface water trade. 
Unlike surface water, groundwater trading that results in significant changes in 
groundwater flow patterns can have complex and wide-reaching effects on other users 
of groundwater. . A groundwater model can be used to establish bounds or 
restrictions on trades based on characteristics of the groundwater flow field. The 
model does not necessarily need to be a complex numerical flow model, such as 
MODFLOW, but needs to be able to determine if proposed trades would create 
impacts to surrounding groundwater users or create circumstances that could result in 
“significant and unreasonable” undesirable results as defined under SGMA. The 
groundwater flow system in the MAGSA area is relatively simple, and the modeling 
necessary to evaluate impairment will likely not be overly complex. 

3.2 Groundwater Allocation 
The mechanism that will enable groundwater markets in the MAGSA area (or any GSA in 
California) relies on a formal allocation methodology that links groundwater pumping volumes 
to individual groundwater users within a GSA. The decision whether to allocate a finite amount 
of groundwater to individual a groundwater user within a GSA is a policy decision that each 
GSA will need to make. MAGSA has not yet initiated any policies related to allocations, so the 
discussion here is general, and not specific to MAGSA. The allocation methodology will 
describe the annual total volume of groundwater that each groundwater user in the MAGSA area 
will be able to use. It is likely that this the allocated volume of groundwater will be, on average, 
less than the groundwater volume that is currently being used. 

Allocations are essential for an effective groundwater market so that potential traders know what 
water assets they have available to sell or need to buy. Without an allocation, pumpers face no 
effective scarcity of groundwater, so they would have no motive to participate in a market. 
Allocation involves setting an overall pumping limit for the trading area (i.e., a GSA) and the 
apportionment of that overall amount among pumpers. Allocation can also involve identifying 
specific “types” of groundwater that are included or excluded from the allocation. Types of 
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groundwater could include natural recharge, percolation of imported surface water, other 
intentional recharge, or net “surplus” inflow into the trading area. SGMA also allows GSAs to 
transition to sustainable yield over a period of 20 years. During that period, pumping can exceed 
the sustainable yield, and this volume of water is often called “transitional pumping.” 
Transitional pumping can also be part of the allocation but is only defined for a short period (20 
years or less). Transitional water is effectively an overdraft that, consistent with SGMA and the 
GSP, decreases to zero over time as extraction is brought into balance with recharge or it is offset 
by surface water imports.  

There are multiple aspects to consider in an allocation involving time, spatial geography, and 
landowner behavior. It is important to recognize that defining the allocation volume, and 
incorporating the associated time dimensions, spatial dimensions, and landowner dimensions of 
the allocation is not the function or responsibility of a groundwater market. The allocation is 
essentially a set of regulatory policies, formally developed and adopted by a GSA, under which 
the market must operate. Allocations can be managed and enforced without a groundwater 
market. However, a groundwater market offers potential benefits and efficiencies to managing 
an allocation. The sections below describe some of the timing, spatial, and landowner nuances 
underlying allocation policy. 

3.2.1 Time Dimension of Allocations 
Allocation quantities are typically defined based on a long-term assessment of sustainable yield 
but can be revisited and revised on some frequency. For example, in the High Plains Aquifer, the 
allocation amount is typically defined over a 3 to 5-year period and reviewed toward the end of 
each allocation period to evaluate the need for adjustments to the allocation. SGMA requires 
updates to GSPs every 5 years and GSAs that adopt allocations are likely to allow for revisions 
to them on a frequency that coincides with GSP updates. 

Similarly, within the time frame of a specific allocation period, the annual pumping allowance 
need not be the same every year. As described previously, it can include transitional water that 
declines over time. It can also include provisions for annual allocation that is tied to annual water 
supply conditions. For example, Local Enhanced Management Areas of Kansas assign an inter-
annual allocation while capping annual use at some maximum. A grower might have an 
allocation of 65 inches over five years (a total allocation of 13 inches per year over a 5-year 
allocation period) but can only pump a maximum of 18 inches in any given year (the single-year 
allocation cap). This allows higher pumping than the 5-year average allocation during dry years 
but requires lower pumping during wet years. This type of allocation policy is self-correcting 
(i.e., the ability for higher or lower pumping in any given year is intrinsic to the 5-year allocation 
period) and can be implemented with or without a groundwater market using basic accounting 
processes. 

Another time-dimension is the ability to carry over some or all of an assigned allocation into a 
subsequent year. If an allocation policy involves setting an allocation every year, a more 
complex carryover policy would be necessary, such as annual fractional reductions of carryover 
from year-to-year or an ability to “borrow” current pumping against the next year’s allocation. 
These policy complexities can, in most instances, also be implemented with or without a market 
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system, as long as the policies are clear and can be implemented with auditable accounting 
processes. 

Allowing carryover, either through a multi-year allocation policy or more specific year-by-year 
carryover policies, creates a decision for potential sellers in a groundwater market. They need to 
assess the benefit in revenue received from selling part of their allocation this year against the 
potential benefit of having that water available for their own operation in the future. Similarly, 
buyers need to assess the volume of carryover available in the market in addition to what is 
specifically available in any given year. 

3.2.2 Spatial Dimension of Allocations 
Similar to time-based dimensions, a total allocation in a GSA or subbasin may be distributed 
across smaller subareas or zones based on spatial characteristics. For example, some areas may 
be sensitive to a redistribution of pumping because of connectivity with surface waters or 
proximity to domestic or community water supplies. In these areas, additional constraints or 
allocation limits may be necessary to prevent “significant and unreasonable” undesirable results 
defined in the GSP. Even if there is a uniform spatial distribution of the total allocation, spatial 
constraints may still be necessary to define market rules so that trading in certain areas does not 
create “significant and unreasonable” undesirable results. For example, pumping limits may be 
necessary in areas adjacent to domestic or community water supplies regardless of whether there 
is a market or not. Without a market, the GSA would simply need to enforce those pumping 
limits in those specific areas. With a market, the allocation policy defines the areas and 
undesirable results, and the market implements the policy by placing trading constraints on 
traders in those areas so that trading does not cause violations of those pumping limits. Similar to 
the time dimension of allocation, spatial policy complexities can, in most instances, be 
implemented in a market system as long as the policies that affect the spatial distribution of 
trades are clear and can be implemented with auditable accounting processes.  

3.2.3 Landowner Dimension of Allocations 
Once the allocation policy is established, landowners will need to decide how to use their 
allocation and whether to participate in the market (if one is established). If there is no market, 
landowners would simply look at their allocation and first determine if it is higher or lower than 
their current groundwater pumping. If the allocation is higher than their pumping, they would 
take no action and continue operating as normal. If the allocation is lower than their pumping, 
they would decide how to reduce their demand to meet their allocation. 

There could be different approaches to defining a “tradable unit” of groundwater that could be 
exchanged on the market. A tradable unit is defined as a quantity of groundwater that could be 
exchanged between a buyer and seller. It is not necessarily equal to the allocation of groundwater 
that a seller might have, but could not exceed that allocation.Similarly, the sum of all tradable 
units would not exceed the total allocation. Tradable units would be created when a seller 
decides to reduce groundwater demand below their allocation and puts some or all of that 
differential volume onto the market. In this way, the volume of tradable units allow for sellers to 
receive a financial benefit by reducing their groundwater demand below what they have been 
allocated. It also allows for sellers to maintain a groundwater demand that is greater than what 
they have been allocated by buying tradable units of groundwater. Monitoring of groundwater 
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pumping relative to the allocation of both the buyer and seller is key to this process since 
tradable units are intrinsically defined by the difference between groundwater demand and the 
allocation.  

 

The basic decisions that would face landowners under different circumstances relative to their 
allocation are summarized below. 

Landowners that currently pump more than their allocation will consider three options: 

1. Some landowners may continue irrigating their lands with all of their allocation and 
make decisions to reduce their pumping to stay within their allocation. 

2. Some landowners may use all of their allocation and also seek additional water so 
they can continue irrigating their lands at current or increased levels. 

3. Some landowners may choose to reduce their pumping enough to create an excess 
groundwater supply (i.e., so their demand is less than their allocation) and put the 
excess water on the market to sell to another landowner. 

Landowners that currently pump less than their allocation will consider three options: 

1. Some landowners will continue irrigating all of their lands part of their allocation and 
put their excess allocation into the market to sell to landowners that want to pump 
more than their allocation.  

2. Some landowners will continue irrigating all of their lands with part of their 
allocation and not put their excess allocation into the market. If allowed, they can 
carryover unused allocation for use or sale later. If the unused allocation is never 
used, it may ultimately be relinquished. 

3. Some landowners may stop irrigating their lands completely and put their entire 
allocation into the market to sell to landowners that want to pump more than their 
allocation.  

There may also be a class of landowner that currently does not pump groundwater but still 
receives an allocation, either because the land has historically been irrigated or because the 
allocation policy attempts to achieve an equitable distribution of the allocation to all landowners 
in the GSA. These landowners will consider two options: 

1. Some landowners will continue using their lands without irrigation and put their 
entire allocation into the market to sell to landowners that want to pump more than 
their allocation.  

2. Some landowners will begin or re-start irrigating and become a landowner with either 
a deficit or an excess in their allocation, and face the decisions described above. 

Based on the stakeholder outreach conducted as part of this study (Section 4), there remains 
some skepticism among landowners regarding whether they are willing to participate in a 
groundwater market because the allocation policy has not been quantified sufficiently for them to 
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know “what they have” and/or “what they need.” There is similar skepticism regarding whether 
buyers and sellers will be able to develop a viable business case that includes marketed 
groundwater in their operations. The decisions needed for a landowner to determine whether to 
enter a groundwater market as either a seller or a buyer are dependent on a clearer understanding 
of the business implications of the allocation on their individual business model and planning 
circumstances. This should be incorporated into future assessments of a groundwater market in 
the MAGSA area, preferably after an allocation policy has been developed. 

3.2.4 Potential Groundwater Banking Facility 
In California, the term “groundwater banking” specifically refers to the practice of recharging 
water (either active recharge of surface water or in-lieu recharge) that can later be withdrawn and 
used or sold by the entity that deposited the water. This banked water is often traded and 
accounted for in relation to the original surface water deposited into the bank. There are a 
number of groundwater banking facilities in California that manage the deposits and withdrawals 
of water, and these banks often consist largely of SWP water that is contracted and delivered by 
the State of California or the federal government under the Central Valley Project (CVP). 

Of particular note is an active proposal by MAGSA to develop a groundwater bank that could be 
used to store either SWP water or CVP water. As currently envisaged, MAGSA would manage 
the water bank, but deposits and withdrawals to/from the bank would be owned by partner 
entities who have SWP contracts with the State of California or CVP contracts through the 
USBR. As described previously, the MAGSA area is in a unique geographic location that, with 
relatively modest engineering effort, enables inputs of SWP water to the MAGSA service area 
and subsequent delivery of banked water back into the SWP canal system or natural waterways 
such as the San Joaquin River. This project has not yet advanced through any regulatory review. 
However, as noted previously, the aquifer underlying the MAGSA area is viable for groundwater 
banking and has “capacity” for additional recharge. From the perspective of a MAGSA 
groundwater market, the primary issue associated with the project is that most of the water 
entering the groundwater bank would not be “MAGSA’s water” and would be owned by partner 
entities with rights or contracts for surface water that are then banked in the MAGSA area. 
However, some “leave behind” will likely be negotiated that could be owned by MAGSA. The 
presence and operation of a groundwater bank within the MAGSA area would present several 
complexities related to the groundwater market: 

1. The allocation of the “leave behind” that would become local MAGSA groundwater 
would need to be addressed. MAGSA could offer this water for sale in the market, 
add it to the allocation, or use it as insurance to comply with the measurable 
objectives of the GSP.  

2. The presence of a water bank within the MAGSA area may change the definition of 
measurable objectives in the GSP. This would also complicate the impact assessment 
and monitoring of trades associated with a groundwater market. 

3. Conceptually, the groundwater market would operate “on top of” the water bank. 
Therefore, market rules would need to be developed that would ensure that trading 
does not adversely impact access to banked water that is not owned by MAGSA. In 
addition, the market would need to explicitly identify whether any banked water 
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could be placed into the market by an entity that is not within MAGSA but is 
participating in the water bank. 

3.3 Legal Considerations 
A detailed summary of legal issues related to development of a groundwater market is included 
in Appendix A. A discussion of various legal factors is provided in the sections that follow. In 
general, the market requires thoughtful development of the groundwater allocation policy that 
aligns individual landowner water rights and entitlements with overall GSA sustainability 
objectives and a functional trading system. However, as considered in SGMA, any allocation 
approach contemplated by a GSA may not replace or negate the foundational water rights unless 
the participants in the allocation approach agree to waive potential claims. 

. 

3.3.1 Types of Groundwater Rights 
Overlying Water Rights. Historically, property owners with land overlying groundwater could 
simply drill wells and extract water for use on the overlying land. The overlying users shared 
these water rights with other overlying users. The correlative nature of the right requires all 
overlying users to communally reduce their uses in times of scarcity to ensure some water use for 
all. Under this doctrine, there are no junior or senior overlying users who gain priority by 
pumping first or pumping more. Importantly, an overlying groundwater right is generally a water 
right that exists as part of the bundle of rights associated with ownership of a parcel of land.  

Appropriative Water Rights. If there are groundwater supplies in a basin that are surplus to the 
overlying owners’ needs, then this water is available for appropriation by non-overlying users for 
use on non-overlying lands. Most public water purveyors that use groundwater pump water 
under appropriative groundwater rights. Here, the hydrogeology of the basin is the determining 
factor. If the appropriation of groundwater for the non-overlying use will not cause the basin to 
become overdrafted or injure other users of water, then an appropriation of groundwater for use 
on non-overlying property is allowed. Groundwater overdraft is generally defined as the 
condition of a groundwater basin or subbasin in which the amount of water withdrawn by 
pumping exceeds the amount of water that recharges the basin over a period of years. 

Prescriptive Rights. Where overlying groundwater rights and appropriative groundwater rights 
come into conflict, prescriptive groundwater rights arise. Here, junior water users—generally 
groundwater appropriators—gain prescription against overlying groundwater users where no 
surplus water was available in a basin, yet groundwater appropriators continued to pump 
groundwater. In this way, groundwater appropriators are provided an opportunity to acquire a 
portion of the overlying groundwater right from an overlying water user. In nearly all 
circumstances where prescription is asserted, legal challenges arise to settle the water right 
disputes. 

Artificial Recharge. Theoretically, artificial groundwater recharge allows the “recharger” to 
extract the water input into the basin, minus calculated losses, so long as there is no injury to 
other users. The baseline condition of the groundwater basin used to calculate the amount of 
water remaining in the basin is usually the key point of contention, as water recharged into the 
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ground potentially migrates both vertically and horizontally in the underground aquifers, 
effectively reducing the total recoverable supply. As such, the nature and extent of groundwater 
recharge poses a critical issue in assessing water apportionment in groundwater basins.3 

Basin Adjudications. In some instances, groundwater basins are adjudicated (or settled through a 
stipulated judgment). Depending upon the structure of the adjudication, groundwater assets—
regardless of the groundwater right—may create tradable allocations derived from different 
components of available water supplies. Generally, adjudicated supplies offer more flexibility in 
water markets so long as the market complements the essential purposes of the adjudication. 

Public Trust Doctrine and Human Right to Water. The Public Trust Doctrine is an evolving area 
of groundwater law that ties directly to the usufructuary nature of a groundwater right. The state 
preserves water assets for evolving public trust purposes that may retain priority for water asset 
use. Similarly, under Water Code section 106.3, California has declared a human right to “safe, 
clean, affordable, and accessible water…” and included this recognition in SGMA’s 
implementing regulations.4 These evolving concepts may require recognition in water allocations 
and water markets. 

3.3.2 Defining Transferable Assets in the Market 
Defining the water assets that could be traded in a market has numerous imbedded legal issues. 
For simplicity, a transferrable asset in the market is referred to as a tradable unit. A tradable unit 
would be related to the allocation assigned to individual landowners under the GSAs allocation 
policy but would not necessarily be the same as the allocation. The imbedded legal issues are 
related to the connection between a tradable unit and the underlying allocation on which the 
tradable unit is based. If the allocation creates different definitions for the types of groundwater, 
these definitions would need to be preserved in the groundwater market. The relationship 
between a tradable unit of groundwater and any underlying legal classification of the allocation 
must be well-defined and preserved in the groundwater market to avoid uncertainties or 
challenges to the validity of trades. 

3.3.3 Contracting Issues 
A contract is an essential component of executing a trade between a buyer and seller. It defines 
the terms of the trade, including the volume and duration, as well as other details such as 
monitoring requirements or other specific details. Contracting mechanisms need to recognize and 
incorporate specific market rules and provide certainty for the trading participants. The 
fundamental components of a contract are “offer, acceptance, and consideration,” which are 
further refined by California statutes. These fundamental components of a contract must be 
addressed either as a set of operating principles that are part of the market rules or included with 
each transaction that occurs in the water market. For example, legally defining how an offer may 
occur between a buyer and a seller in the water market would be a fundamental contracting issue 
in creating market rules. Carrying this example further, an offer to sell could be a “unilateral 
offer” where a seller is required to accept a buyer’s proposal (like an auction) or there could be 

 
3 Recognition of the recharge water by an oversight authority may be a difficult component to resolve in developing 
a water market as it may create an additional allocation that benefits a smaller group of market participants. 
4 Title 23 of the California Code of Regulations at 350.4(g). 
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opportunities for sellers to withdraw offers to sell if the prices do not reflect a seller’s financial 
desires. Defining these types of rules and making them applicable to all market participants 
would likely be preferable to developing specific contracts for each market transaction. 
However, as discussed in Section 6, decentralized trading structures do not typically involve 
uniform contracting rules and each transaction is negotiated and executed with limited guidance 
from the market. 

“Consideration” is also an important component of contracting for water supplies in a water 
market. Consideration is the exchange of something of value for entering into the contract. 
Typical consideration in water markets involves the exchange of money for receipt of water. In 
other cases, water-for-water exchanges may be appropriate methods to satisfy the consideration 
requirements. For example, Water User 1 may decide to deliver water to Water User 2 in year 
one in exchange for Water User 2 delivering the same amount of water to Water User 1 in a 
subsequent year. The various forms of consideration necessary for legal contracting of 
groundwater trades should be adequately characterized in forming the legal principles guiding 
development of a centralized groundwater market. 

3.3.4 Managing the Groundwater Flow System 
Predictably addressing the technical issues of groundwater levels and how groundwater flows 
before and after a trade is also important in the development of the water market so that any legal 
ramifications of changes in groundwater flow patterns are identified. Unlike other goods that are 
traded in a market, groundwater transactions do not transfer the good itself from buyer to seller. 
Instead, the transaction transfers the ability to access the water from the buyers well location to 
the sellers well location. In this way, additional groundwater extractions in a buyer’s location 
may cause injury to other groundwater users in the same area, while potential benefits from 
reduced groundwater pumping may be localized near the seller’s location. At the scale of the 
GSA, the aggregate effect of multiple trades may result in changes to groundwater flow patterns 
that affect neighboring groundwater basins or GSAs. Understanding what constitutes a “legally 
protected injury” to neighboring groundwater users who might be affected by a trade is an 
important legal issue for the market. Moreover, the injury may not be confined to the period over 
which the pumping that results from a trade. Potential legal injury to other users of water that 
result from groundwater trading must be based upon sound technical information to develop a 
functional water market. This type of technical information can also be used to design market 
rules that prevent potential injury. For example, trading zones associated with certain 
hydrogeologic conditions could be established or rules associated with proximity to water supply 
wells could be established to manage trading activity in specific areas.  

3.3.5 Environmental Compliance 
The environmental compliance requirements for a groundwater market may relate to various 
actions linked to market development and implementation. The environmental compliance issues 
generally arise in the context of the California Environmental Quality Act (CEQA) and National 
Environmental Protection Act (NEPA). 

In creating a water market, CEQA and NEPA issues should be addressed because of the public 
and private nature of the participants in the proposed market as well as the water assets that 
could be incorporated into a water market. The scope and extent of CEQA and NEPA 
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compliance requires a detailed look at the nexus between a specific action and the local, state, or 
federal laws related to the action. It is beyond the scope of this report to analyze the applicability 
of environmental compliance laws with the creation and operation of a groundwater market, but 
generally applicability of these laws should not be ignored in creating a viable water market. A 
few examples are provided below. 

• Market Creation and Development: A state or local agency, such as MAGSA, that 
develops a groundwater market may be required to comply with CEQA to evaluate 
the environmental impacts (if any) of creating the market. State and local agencies 
that participate in a groundwater market may also require CEQA compliance. Local, 
state, and federal agencies often create broad “programmatic environmental 
documents” that provide broad compliance with environmental laws. This approach 
may be desirable for a groundwater market. For instance, in the Sacramento River 
watershed north of the Delta, the USBR adopted a five-year NEPA compliance 
document that covered all in-watershed water transfers under the Central Valley 
Project Improvement Act. This environmental document provided broad 
environmental compliance documentation for water transactions that included federal 
CVP Supplies. Accordingly, programmatic CEQA or NEPA documentation, and any 
exceptions that might trigger project-specific CEQA or NEPA compliance, should be 
considered in the context of market development. 

• Water Sources available in the Market : If state developed water assets (like SWP 
contract supplies) are potentially tradable in a water market, CEQA compliance may 
also be required. Similarly, if federal agencies or federal water assets (like CVP 
Supplies) are included in a market, NEPA compliance may be necessary. 

• Market Transactions: The market transactions themselves may also trigger CEQA or 
NEPA compliance if a transaction is considered to be a “project” or central to a 
“project.” When a local, state, or federal agency engages in a “project,” CEQA or 
NEPA compliance may be triggered, unless an exemption applies. In short, each 
market transaction could be considered a project that requires environmental review. 

• Externalities: Additional items that are external to the water market may trigger 
environmental compliance that may have not been addressed in the original 
environmental compliance actions. For instance, transactions that have third-party 
impacts or other external issues (e.g., effects on species habitat) may create 
environmental issues in addition to those that are considered in the “normal 
operation” of a groundwater market.  
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4. STAKEHOLDER AND PUBLIC OUTREACH 

To explore the groundwater market issues with stakeholders and the public, MAGSA engaged in 
a robust stakeholder and public outreach effort. A detailed summary of the results and 
observations from this effort are included in Appendix C. The discussion below summarizes the 
methods and results of the outreach effort. The purpose of the outreach process was three-fold: 

• To educate stakeholders about the specifics of the groundwater marketing strategy as 
it was being developed 

• To provide an easily accessible structure by which stakeholders’ voices could be 
heard throughout the strategy development process 

• To collect feedback from stakeholders to inform and improve strategy development 

4.1 Key Stakeholders  
The process was designed with an eye toward involving all key stakeholders of the strategy, 
including:  

• Landowners who may utilize the market 

• Potential groundwater transfer partners 

• Communities who could potentially be affected by transfers (e.g., Raisin City, Alkali 
Flats, Peery Colony) 

• Other stakeholders (water districts, irrigation districts, municipal water agencies, 
other public agencies, environmental interests, and Disadvantaged Communities 
[DAC] and Severely Disadvantaged Communities [SDAC]) 

4.2 Primary Issues for Consideration  
The main issues presented to the public included the following: 

• Definition of a groundwater market and core elements of a groundwater marketing 
strategy 

• Overview of GSP projects and how they relate to groundwater market development 

• Implications for subbasin sustainability 

Feedback and comments were collected from the public regarding the high-level issues above, 
including their goals for a groundwater market as well as their concerns. The technical team also 
presented some specific elements for feedback regarding the market structure, including: 

• Tradable units 

• Length of trades 

• Market area 

• Leave-behinds/carryover 
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• Market platform 

• Market transparency and confidentiality 

• Market administration, implementation, and enforcement 

4.3 Communication and Outreach Plan 
The consultant team developed a Communication and Outreach Plan to lay out suggestions for 
an outreach process. The plan included a list of key stakeholders, topics to cover, and a 
suggested public outreach and feedback process. A draft plan was completed in May 2020, and 
was shared with MAGSA staff, the Stakeholder Committee, and the MAGSA Board of Directors 
for feedback. The plan was revised in June 2020 (Appendix C). 

4.4 Initial Inquiry and Focused Stakeholder Conversations 
The consulting team, informed by MAGSA staff, began collecting feedback and initial thoughts 
about the study at meetings of the Technical Advisory Committee (TAC), Stakeholder 
Committee, and the MAGSA Board of Directors. One-on-one and small group interviews were 
also conducted by third-party neutral consultants with individuals representing potential 
participants in a water market and regulatory interests, providing them the opportunity to express 
confidential input about interests, opportunities, and concerns regarding elements of a water 
marketing strategy. The purpose of the focused stakeholder engagement was to enable MAGSA 
and its consultants to: 

• More fully engage with stakeholders beyond technical workshops (described below) 
and ongoing Board of Director meetings 

• Better understand stakeholder interests 

• Allow a space for focused discussion to address those interests during groundwater 
marketing strategy development 

The confidential input was aggregated and summarized by the neutral consultants into a report to 
the Board of Directors (Appendix C). 

4.5 Outreach Methods 
To be responsive to the information needs and barriers of the various subcategories of the public, 
a variety of different outreach methods were used. 

4.5.1 Existing MAGSA Outreach Mechanisms 
MAGSA has a number of existing outreach strategies—managed by the Kings River 
Conservation District (KRCD)—that they were able to utilize to support this project. They are: 

• MAGSA website: https://www.mcmullinarea.org/ 

• MAGSA listserv (250+ names) 

• MAGSA direct mail list (750+ names) 

https://www.mcmullinarea.org/
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• MAGSA Twitter account https://twitter.com/McMullinAreaGSA 

• Local media 

• Articles/announcements in partner publications 

The consultants worked closely with the KRCD communications staff to share information about 
the study, upcoming meetings, and ways to give feedback. 

4.5.2 TAC and Stakeholder Committee Presentations 
The consultants gave regular updates on the development of the strategy at the monthly meetings 
of the TAC and Stakeholder Committee. They also took the opportunity at those meetings to 
gather feedback. 

4.5.3 Presentations to the MAGSA Board of Directors 
The consultants also gave regular updates on the development of the strategy at the MAGSA 
Board of Directors meetings, where they were also able to gather feedback. 

4.5.4 Technical Workshops 
MAGSA held technical workshops (via Zoom) throughout the strategy development period. The 
purpose of the workshops was to present updates on strategy development and solicit feedback 
on stakeholder concerns and proposed solutions. The workshops were not intended to reconcile 
concerns or stakeholder differences, but rather to give all stakeholders an open, transparent 
forum to express their perspectives. Although the original plan was to hold three workshops, one 
additional workshop was held in the middle of the process, with the final one scheduled for 
September 2021. 

The workshops are described in detail below. The meeting agendas, PowerPoint presentations, 
and recordings can be found on the MAGSA website at: https://www.mcmullinarea.org/. Due to 
COVID-19, all meetings were held virtually. 

Technical Workshop #1 
Date: Wednesday, July 29, 2020 

Purpose: Provide a high-level overview of the groundwater Marketing Strategy and the planning 
context, and get feedback. 

The presentation included a definition of a groundwater market, components to consider in a 
groundwater market, and an initial analysis of existing markets. 

Technical Workshop #2: 
Date: Wednesday, October 21, 2020 

Purpose: Provide an update on groundwater Marketing Strategy development and feedback to 
date, and get additional feedback. 

The workshop included a more in-depth presentation of groundwater market components, and 
offered an opportunity for more informal back-and-forth with members of the technical team via 
virtual breakout groups. 

https://twitter.com/McMullinAreaGSA
https://www.mcmullinarea.org/


  

 

MAGSA Groundwater Marketing Evaluation and Strategy 25 October 2021 

Technical Workshop #3 
Date: Wednesday, January 27, 2021 

Purpose: Present groundwater Marketing Strategy recommendations and get feedback. 

The workshop included a preview of the economic analysis portion of the study and an 
opportunity to test out some of the effects of possible market rules via a virtual trading exercise 
demonstration. 

Technical Workshop #4 
Date: Wednesday, September 1, 2021 (scheduled) 

Purpose: Present the final groundwater marketing strategy report. 

4.6 Results 
Through the various outreach efforts listed above, stakeholders shared feedback about hopes and 
goals for a water market, challenges and concerns, and specific considerations related to the 
market structure. Stakeholders gave input on market rules and restrictions, such as length of 
trade, tradable unit, market area, leave-behind and carryover, transparency and confidentiality, 
platform, information needs, timing, and administration and enforcement. This input has been 
noted in respective sections throughout this report. Stakeholders shared additional comments on 
the related efforts such as allocation and recharge, however this feedback has not been 
incorporated into the report as the report focuses on a market specifically. Overall hopes and 
goals as well as challenges and concerns are summarized below. Additional details can be found 
in Appendix C.  

4.6.1 Hopes and Goals  
Feedback often touched on the impact of a market on peoples’ understanding of the value of 
water. One stakeholder said they hope that the market will provide transparency and fair pricing 
for water. Another said that the market will clarify the true value of groundwater and bring the 
cost in alignment—the interviewee said that people currently understand the cost of groundwater 
only as the cost of pumping. An interviewee expressed hope that understanding the true cost will 
change peoples’ decisions; for example, some areas with lower yields are likely to be taken out 
of production and some people may determine that the cost of projects to bring additional 
groundwater into the MAGSA area is a worthwhile investment. Beyond how the market may 
change peoples’ understanding of the value and cost of water, an interviewee said they hope that 
the groundwater market will give growers the ability to plan for the future while also allowing 
flexibility. 

4.6.2 Challenges and Concerns 
Stakeholders shared a variety of concerns and challenges. One said they believe there may not be 
need for a market since there is a significant amount of water available near the MAGSA area, 
including in neighboring subbasins. Another stakeholder expressed concern about how eligibility 
will be defined, particularly whether lands zoned for agriculture but not currently in production 
will have rights to groundwater and to trading in the market. Another interviewee said that the 
crop mix in the MAGSA area is made up predominantly of permanent crops, leading to limited 
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flexibility to take land out of production on a short-term basis, though some crops such as 
pistachios have a bit more flexibility. 

An interviewee expressed concern about the price of water being driven up as a result of more 
interested buyers than sellers. Another said they were concerned that including non-agricultural 
parties—such as municipal water buyers—in the market could also drive the price up. Several 
stakeholders shared concerns related to a potential for concentration of pumping by certain users 
or in certain areas. One stakeholder was concerned that the market could get cornered by certain 
buyers. Another noted that impacts from significant pumping in a single area, such as a cone of 
depression, are already being seen in some areas. A groundwater market could lead to a further 
concentration of pumping in one area as other areas are fallowed, leading to changes in aquifer 
elevation within an impacted region. The stakeholder said that thresholds and triggers should be 
put in place to address this potential issue. Another stakeholder noted that concentration of 
pumping in one region could affect the flow of groundwater into the subbasin, as well as 
affecting the monitoring well system. 

Ultimately, stakeholders recognize that groundwater is going to be regulated differently than it is 
currently and are concerned about how that will impact their livelihoods or socioeconomic 
causes that are important to them. 
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5. COSTS AND OUTCOMES OF A MAGSA GROUNDWATER MARKET 

This section summarizes the types of costs incurred to develop and operate a groundwater market 
and includes an analysis of the direct economic benefits of a groundwater market to MAGSA 
growers. Market development costs are described, but not quantified because these costs depend 
on MAGSA decisions for market design components that would occur in the future. An 
economic analysis of the differing outcomes in MAGSA with and without a groundwater market 
is developed to illustrate the potential benefits (called gains from trade) that would accrue to 
market participants in MAGSA. 

5.1 Costs of a Market 
In terms of who incurs costs, there will be costs to both MAGSA and individual landowners that 
use the market: 

• The GSA costs directly related to a groundwater market would include overhead and 
administrative costs to operate the market. Some of these costs would be covered by 
MAGSA, which would raise revenue to recover these costs using its authority under 
SGMA. Some costs may be covered through per transaction charges in the market. It 
is anticipated that MAGSA would evaluate market development costs and the 
allocation of those costs between parties as part of future groundwater market design. 

• Landowner costs would include direct costs/returns of buying/selling water in the 
market. In addition, landowner costs would include transaction costs for planning, 
negotiating, and executing trades in the market. Costs for planning to incorporate 
marketed groundwater into agricultural operations will be highly dependent on 
individual landowner circumstances. However, as described in Section 6, some 
market trading structures, such as bilateral trading, rely more heavily on individual 
landowner efforts compared to others, such as “smart-market” trading. 

5.2 Gains from Trade  
A groundwater market can lower the cost of a demand management program (relative to a 
without market scenario) by providing growers with additional flexibility to adjust to limitations 
on the amount of groundwater that can be pumped. Trading does not mean that a seller sells all 
its water, or even that large volumes necessarily get traded. Nor does trading imply a permanent 
change in the use of water. Market participation (trading) is voluntary; trading is intended to 
provide tangible value to both buyer and seller. Buyers will purchase groundwater to irrigate at a 
level above their allocation if there is a higher net value to them by doing so. Sellers will 
likewise sell groundwater and irrigate at a level below their allocation if there is a higher net 
value to them by doing so. The benefits that trading provides to both parties are generally 
referred to as the “gains from trade.” Both buyer and seller enter the market with the expectation 
to receive a net gain, as described below: 

• A buyer will be willing to pay a price that reflects their perceived value of the 
groundwater to their particular circumstance. This is often called “willingness to pay” 



  

 

MAGSA Groundwater Marketing Evaluation and Strategy 28 October 2021 

and is typically a maximum price for a buyer. Buying at a price below their 
willingness to pay represents a gain from trade to the buyer. 

• A seller will be willing to sell at a price that reflects their perceived value of the 
groundwater to their particular circumstance. This is often called “willingness to 
accept” and is typically a minimum price for a seller. Selling at a price above their 
willingness to accept represents a gain from trade to the seller. 

The outcome of a price negotiation is for both buyer and seller to realize gains from trade, where 
the price paid reflects something less than what the buyer was willing to pay and something 
higher than the minimum price a seller would accept. The total gain from trade is simply the sum 
of the differences between the actual price paid and buyer/seller willingness to pay/accept. 

5.3 Economic Analysis 
An economic optimization model of MAGSA agriculture and water use was used to evaluate 
total gross revenue from agricultural production with and without a groundwater market. The 
economic model reflects the available groundwater supply, crop demand, returns to farming 
(e.g., capital outlays, prices, yields, operating costs, etc.), and current crop market conditions. It 
is calibrated to the GSP groundwater budget and geospatial land use data. The primary purpose 
of the analysis is to quantify the gains from trade. Gains from trade are defined to include 
benefits to both the buyer and seller. The output of the analysis compares the change in gross 
revenues to illustrate the potential magnitude of gains. 

The baseline for the economic analysis is the implementation plan specified in the MAGSA 
GSP. This includes planned demand management that would result in a decrease in groundwater 
availability. The analysis developed here establishes the effects of a groundwater market 
compared to a situation where demand management is required, but there is no groundwater 
market. 

Appendix B provides a detailed discussion of the analysis. The outputs from the analysis include 
total gross crop revenue (gross farm income/revenue/receipts) and net crop revenue across the 
MAGSA area, total irrigated acreage, and crop mix. The technical details of the analysis are 
summarized as follows: 

• Crop production was grouped into 13 crop categories (groups), including raisins, 
table grapes, wine grapes, almonds, pistachios, walnuts, other orchards, processing 
tomatoes, alfalfa, corn (silage rotation), cotton, other vegetables, and other 
miscellaneous grain and feed crops. 

• The per acre water demand for each crop type was based on current crop irrigation 
requirements and irrigation efficiencies. 

• The per acre revenue generated from each crop type was based on current crop prices. 

• The availability of groundwater is based on the MAGSA GSP. This includes a ramp 
down from a current level of approximately 290,000 AF/yr to a value of 
200,000 AF/yr by the year 2040 (90,000 AF/yr overdraft described in the GSP). 
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Table 3 summarizes the results of the analysis and compares the revenues and total irrigated 
acreage with and without a groundwater market in the MAGSA area at full implementation (i.e., 
2040). Without a market, gross revenues average $447 million per year. With a market, annual 
gross revenues average $554 million per year. Therefore, the increase in gross value is 
$107 million per year, or about 24 percent relative to the without market scenario. At a 4 percent 
real discount rate, the present value of the stream of annual gross benefits of a market is 
$2.7 billion. On a net basis, the benefit of a market is about $27 million per year, or about 
12 percent above the without market scenario. The present value of the net revenue is about 
$400 million. The impact on total irrigated acreage is more modest, at about 4 percent, or 
2,500 acres. 

The reason for the improved revenues under a market scenario is the additional flexibility that a 
market provides to growers. Limited groundwater supplies can be allocated to higher value 
(more profitable) uses, and this provides a direct benefit to growers. Appendix B provides 
additional discussion of the analysis and results. 

Figure 12 illustrates the future (2040) crop distribution with and without a groundwater market. 
For display purposes, crops are grouped as vineyards, orchards, vegetables, and grain/feed crops. 
Total irrigated acreage is modestly higher with a market as compared to without a market. The 
mix of crops produced shifts towards crops that provide a greater monetary return per unit of 
water of used, specifically higher proportions of vineyards and orchards. The expected outcome 
of the market is a shift in water towards higher value uses. 

Figures 13a and 13b illustrates future (2040) gross crop revenue with and without a groundwater 
market. The benefits of a water market as compared to a without market scenario also change 
throughout the GSP implementation period. 

• Without a market, gross crop revenues decline from $650 million to $450 million in
response to a linear decline in allowable groundwater pumping from 290,000 AF/yr
to 200,000 AF/yr.

• With a market, gross crop revenues decline non-linearly and at a slower rate from
$650 million to $550 million, with the same linear decline in allowable groundwater
pumping from 290,000 AF/yr to 200,000 AF/yr.

The revenue difference between the two scenarios is initially modest, but, as total allowable 
pumping continues to decline, the relative benefits of a market increase. Under full GSP 
implementation, the annual additional gross revenue with a market is about $107 million or 
approximately 24 percent higher than the situation without a market. Essentially, the market 
allows water that would otherwise lose value from one year to the next to be used in another 
place where it produces higher value. The additional gross value at full implementation ($107 
million per year) would occur in perpetuity. The present discounted value of the additional gross 
revenues over the entire GSP implementation period and future is about $2.7 billion. 
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6. ROADMAP FOR MCMULLIN AREA GROUNDWATER MARKET 
DEVELOPMENT 

6.1 Introduction  
The overall framework for groundwater trading in the MAGSA area involves eight components. 
They are summarized in Figure 14, which shows the “roadmap.” Each component would 
generally be implemented in sequence, with specific policy guidance provided by the MAGSA 
Board of Directors. 

 
Figure 14: Roadmap for MAGSA Groundwater Market Development 

In the following sections, these components of market design are broken into categories for 
discussion. The subsections describe each component as they apply to the MAGSA area. This 
includes a general overview and explanation tailored to the conditions in the MAGSA area based 
on the analysis developed for the MAGSA water market strategy and feedback from stakeholders 
at public meetings and interviews. 
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6.2 Stakeholder Outreach 
As described in Section 4, stakeholder outreach has already begun on a broad range of issues 
related to implementation of the MAGSA GSP and was an important element of this study. 
Stakeholder outreach should continue as MAGSA implements the GSP and continues to explore 
and/or develop a groundwater market. The feedback so far has identified some important 
concerns from stakeholders that should be explored further. One key concern is regarding how 
an allocation policy will develop and how it will quantify the actual amount of pumping that 
individual landowners will be allowed to pump. 

Additional outreach is needed to support stakeholders to provide direct feedback on potential 
market options. As an allocation is implemented, stakeholders will be better poised to consider 
the conditions under which they might choose to participate in a water market. Additional 
“hands-on” meetings where stakeholders are able to explore and try out groundwater marketing 
structures, whether in person or virtually, can further address opportunities and constraints of a 
future groundwater market. 

6.3 Allocation and Tradable Units 
Without scarcity in the ability to pump groundwater, a market is unlikely to become functional. 
As described in Section 3, an allocation describes the volume of groundwater that each 
groundwater user in MAGSA has been assigned based upon a set of criteria. An important next 
step for MAGSA will be to develop an allocation policy. This is expected to take place after the 
GSP is formally accepted by DWR. Once an allocation policy has been established, tradable 
units of groundwater can be defined for the groundwater market.  

A specific discussion of groundwater that is derived from intentional recharge enabled through 
infrastructure improvements made by MAGSA should be included in the allocation policy. 
Because many of the projects and management actions being considered in the MAGSA area are 
related to increasing the overall water supply, there may be a perception that a market is not 
needed since there could be a future increase in supply as a result of increased groundwater 
recharge. However, even if future supply increases as a result of intentional recharge to 
groundwater, there could still be a role for a groundwater market to enable distribution of that 
additional recharge based on market forces and not allocation policies set by MAGSA.  

6.4 Trading Structure 
Trading structures are the ways in which buyers and sellers of water connect with one another 
and execute a transaction. A trading structure can be thought of as the “marketplace” where 
buyers and sellers go to gather information and conduct trading business. Structures range from 
informal, such as bilateral negotiations, to formal, such as electronic clearinghouses. 

All trading structures involve identifying an interested party, negotiating terms such as price and 
duration, applying for transfer approval to the GSA, and, if approved, executing the transfer 
(e.g., transferring funds to the seller and transferring allocation to the buyer). 

There are two fundamental types of trading structures. The most common structure is an 
informal decentralized market, where trades are originated and executed anonymously, and are 
largely independent of each other. A centralized market creates a “system” for trading, where 
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potential buyers and sellers can find each other and certain types of trading information are 
monitored, collected, and made available to all market participants.  

The third public workshop on January 27, 2021 provided stakeholders with a live demonstration 
of two different trading structures (Section 4). In general, feedback at the workshop indicated a 
preference for electronic approaches that provided some level of automation and anonymity. 
During the stakeholder interviews, multiple interviewees also expressed preference for an 
electronic system to identify(?) water available for sale and make trades. A stakeholder said that 
the platform should show prices in real-time to incentivize people who may be considering 
participating in the market – the stakeholder said that the more transparent, real-time, and 
accurate the platform is, the more people will participate, as they find out the true value of the 
water.  

6.4.1 Bilateral or Individual Trading 
Bilateral trading, also referred to as “coffee shop markets,” are informal and decentralized. They 
involve individual, one-to-one negotiated trades. These are the most common types of trading 
structure and the easiest and quickest to implement. After setting the allocation and associated 
market rules, the participants bear the responsibility to find each other and make deals.  

The primary advantages of bilateral or individual trading are:  

• Bilateral trades are the easiest and quickest to implement. After setting the rules, the 
GSA simply lets participants bear the responsibility of making deals. 

• GSA management costs are low because the trade administrator does not facilitate 
trades or manage a centralized market. Costs to the GSA/trade administrator are 
largely for review/approval (i.e., alignment with GSP) and for data management. 

The primary disadvantages of bilateral or individual trading are:  

• No centralized “hub” is available to traders, so more effort is needed to find a trading 
partner. Traders may require more than one potential trading partner for the right 
quantity of water and an acceptable price. 

• Search and negotiation time can be wasted if a negotiation falls through or GSA 
review determines that a trade would violate a trading rule. 

• Participants may incur substantial costs in time and effort searching for and 
identifying an interested party, negotiating terms, and preparing information to submit 
for review. 

• The aggregate effect of multiple individual trades on groundwater sustainability 
conditions may be challenging to assess for the GSA when time-sensitive trades are 
being submitted for what traders hope will be a fast review and approval. 

• Individual trades between private parties generally keep price information private. 
This is viewed as an advantage to many but can also be a drawback. With no central 
database of prices, participants would face uncertainty about the competitiveness of 
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their negotiated price. Having some idea of the “going price” for water reduces 
negotiation time.  

6.4.2 Bulletin Board Trading 
Bulletin boards can be an element of bilateral trading by creating a centralized hub for 
identifying trading parties. Bulletin boards can be physical, such as an actual bulletin board or 
written log of offers at MAGSA offices; electronic, such as a Craigslist® style open posting site; 
or a more structured, dedicated online portal such as used in the Edwards Aquifer in Texas. 
Bulletin boards reduce search costs relative to bilateral searches and trades. However, once a 
trading partner is identified, the negotiation and contracting process is similar to a bilateral trade.  

Examples of bulletin boards used for water marketing include: 

• Roza Irrigation District bulletin board in Washington’s Yakima Basin. In this case, 
only sellers post on the bulletin board.  

• Western Water Market’s bulletin board. In this case, both sellers and buyers can post 
on the bulletin board, but initial trading prices are not provided.  

• Environmental Defense Fund’s online trading platform. This bulletin board has a 
section for an initial price offering. 

• Water trading offers have been posted on Craigslist® in several western states, and 
the site requires an offer price be listed.  

Appendix B provides additional overview of water markets reviewed in other areas around the 
United States and globally. The primary advantages of bulletin boards are the same as bilateral or 
individual trading but also include:  

• Bids to buy or sell can be placed in a central location accessible in person and/or by 
computer. This reduces effort for users to find a trading partner, but usually some 
negotiation on price and terms would still occur. As in bilateral trades, traders may 
still require finding more than one potential trading partner to get the right quantity 
and an acceptable price. 

• An electronic bulletin board implicitly includes an underlying database that records 
and tracks activity that occurs through the bulletin board. So, traders can keep the 
final contracted price out of any centralized database that could be subject to a public 
records request, but other components of the trade are electronically recorded and can 
be audited.  

• A bulletin board is fairly easy to implement and lets participants bear the 
responsibility to make deals. The bulletin board itself can be managed by either the 
GSA or a third-party. 

• Offers posted on the bulletin board could potentially be “pre-screened” for basic 
consistency with trading rules. 

The primary disadvantages are the same as bilateral or individual trading but also include:  
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• Additional costs are needed (relative to bilateral trades) to set up and manage the 
bulletin board and its underlying database.  

• Pre-screening of trades that trigger complex market rules could be complicated to 
analyze electronically.  

6.4.3 Brokered Trades 
Brokered trades involve the hiring of specialized help and representation to identify an interested 
party and negotiate terms. Brokers may specialize in water trading or they may also offer other 
brokerage services (such as real estate). Brokers may also handle trades as part of a broader set 
of business (usually water-related) services. Attorneys, engineers and hydrogeologists, 
accountancies, and various kinds of other management services and consulting firms can be 
brokers (subject to any legal restrictions on their scope of service or conflict of interest).  

The primary advantages of brokered trades include:  

• Using a broker adds a layer of anonymity that trading participants may appreciate. 
The buyer and seller need not know each other’s identity and a broker may be able to 
keep some sensitive business information out of any public records. Brokers can also 
aggregate offered or desired water into larger blocks for buyers or sellers with larger 
amounts of water in the market.  

• Although no single, centralized market exists, brokers typically operate using a 
computer-accessible trade platform. This significantly reduces effort for users to find 
a trading partner and negotiate terms. In return, traders pay a fee to the broker and the 
information needed from the broker for GSA approval is readily transmitted. 

• Over time, brokers should accumulate knowledge about rules within the market to 
“pre-screen” potential trades for compliance with trading rules. The trade 
administrator could set up a licensing or certification process so that brokers 
demonstrate knowledge of the trading rules in exchange for certification by the GSA. 
Brokerage trading can be readily implemented. Various brokers already have 
experience with water trading. GSA costs would be relatively low—after setting the 
rules, the GSA lets brokers and participants bear responsibility to make deals.  

The primary disadvantages of brokered trades include:  

• Buyers and sellers would incur brokerage costs that could be higher than their costs 
for individual trading. Traders would pay a fee to the broker to find, match, and 
negotiate trades, keep records, and submit trading terms to the GSA.  

• Brokerage trading requires that traders reveal their willingness to pay or sell to the 
broker, and some of that may become apparent to the other party during negotiations. 
Final contracted price terms could be kept out of any centralized database that could 
be subject to a public records request. 
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• Similar to individual trades, the aggregate effect of many individual trades on 
groundwater sustainability conditions depends on broker compliance with any 
reporting submittals needed for the GSA to approve trades.  

• There is no guarantee that brokers would be knowledgeable and effective unless the 
trade administrator could set up a licensing process so that brokers demonstrate 
knowledge of the trading rules. 

Water trading in Australia is substantially conducted through brokerage firms. For example, 
Waterfind® is a major trading broker in the Murray Darling Basin of Australia. Some brokers in 
the Yakima Basin are reported to do this, and it is likely a common practice elsewhere. 

6.4.4 Electronic or “Smart” Markets 
Electronic markets, also called “smart markets,” provide a central hub where a potentially large 
number of trades can be placed and processed. Smart markets use an algorithm to simultaneously 
match many buyers with many sellers in an automated fashion. If the market is subject to 
specific regulatory constraints, they can be incorporated into the algorithm. Smart markets 
leverage the power of computer optimization to maximize the economic gains of trading activity. 
They are customizable so that specific rules may be incorporated precisely and accurately. A 
computer can electronically check complex rules and numerous conditions associated with 
multiple potential trades, a considerable savings on the staff time needed for review. The 
algorithm can consider the entire pool of participants and determine which parties are eligible to 
trade with one another within the specific rules of the market. Such a system eliminates human 
error in checking eligibility requirements and improves the overall efficiency of a market. 
However, programming specific market rules into an algorithm can take considerable time and 
technical expertise. Therefore, selecting a smart market requires weighing the initial setup cost 
and ongoing management costs against the savings in search, transaction, and processing/review 
costs. For this reason, smart markets are likely to be more beneficial where trade volume is high 
enough for the smart market to lower aggregate transaction costs and recoup the costs of its 
development. 

Smart markets offer several advantages. First, like bulletin boards, they provide a centralized hub 
for trading activity, eliminating the time and effort exerted in finding others interested in trade. 
Instead, a participant simply enters bid or offer information into an online form. The smart 
market then pools and electronically clears bids and offers, enabling simultaneous matching of 
many buyers to many sellers rather than matching a single buyer to a single seller, which may be 
impracticable and is generally economically inefficient. Smart markets for groundwater have 
been developed and implemented in a handful of locations, including the South Platte, Twin 
Platte, and Central Platte Natural Resources Districts (NRD) in Nebraska. 

One of the key features of a smart market for water is its ability to automate important parts of 
the process of trading. Individual bids to buy or sell a quantity water at a given price can be 
submitted, and the algorithm can process that information to determine a “market-clearing” price 
and quantity. Market clearing simply means that the price and quantity of water proposed for a 
trade qualifies for entry into the market. Additional “market clearing” characteristics can also be 
incorporated. Trades can clear continuously or periodically to allow the market to accumulate 



  

 

MAGSA Groundwater Marketing Evaluation and Strategy 36 October 2021 

enough volume to trade effectively. Finalization of trades can also occur continuously, or trades 
can be finalized at specific posting dates.  

The following list summarizes some of the key features, advantages, and disadvantages of 
trading within a centralized or smart market: 

• Many of the rules and restrictions for compliance with basin management and other 
trading rules can be built into the software and become part of completing the 
transaction, rather than another potentially time-consuming review step. 

• The market can, if desired, calculate a common, market-clearing price for all trades 
occurring within a time window. 

• A major advantage of a centralized market is its ability to aggregate trades and assess 
potential impacts and violations of trading rules without participants having to spend 
significant time negotiating deals that may not ultimately be approved.  

• A potential further advantage of a centralized or smart market is that, because it 
would use a computer and database to keep track of trades and calculate outcomes, it 
could “talk to” or be integrated into the larger data management processes of the 
GSA. 

• Search and negotiation time are substantially eliminated because the centralized 
market assesses whether the amount and price are within the parameters of each buy 
or sell bid. 

• Centralized markets can be more costly to develop and more complicated to 
implement - the trade administrator would develop and operate the market based on 
the rules and objectives. The lower search and negotiation costs to traders must be 
weighed against higher up-front development and management costs. 

• A centralized market requires that each trader provide bid terms to the operator of the 
market. No other individuals have direct access to the bids. It is expected that some 
details of bids or other financial information needed to conduct the trades could be 
kept confidential. Prices of individual trades could be kept private or provided 
publicly in anonymized, aggregate form (presuming there is sufficient market activity 
that the summary statistics would not incidentally reveal individual prices), for 
example as an average trade price during a period of time. Having knowledge about 
the “going price” for water could help water users make decisions about participating 
in trades and about other aspects of their water use. Price information also gives the 
GSA and individual water users information about the value of additional water 
supplies for the area (e.g., if growers appear to be willing to buy and sell water for a 
certain price, they would presumably not be willing to pay for new water supply that 
costs substantially more than that).  

6.4.5 Example Trading Exercise – Bulletin Board versus Smart Market 
The third stakeholder workshop included a market trading and negotiation exercise that 
illustrated the concept of gains from trade. Two trading sessions were conducted among six pairs 
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(a buyer and seller) from the MAGSA TAC. Each buyer was assigned a “willingness to pay” 
value (dollars per acre-foot [$/AF]) and a volume of groundwater sought. Each seller was 
assigned a “willingness to accept” value ($/AF) and a volume of groundwater available. For the 
bulletin board example, the participants selected trading partners based on information provided 
on a bulletin board and negotiated a final price through verbal negotiation. For the smart market 
example, no verbal negotiation was conducted and the computer matched buyer and seller and 
calculated a price based on the difference between the seller’s willingness to accept and the 
buyer’s willingness to pay. The results were then compared in terms of the total gains from trade 
(i.e., the sum of the differentials between the final price and the buyer/seller willingness to 
pay/accept). The results showed that the smart market provided higher overall gains from trade 
and no water was “stranded” because of inability to close a deal. The bulletin board negotiations 
resulted in stranded water because one seller was unable to close a deal, and the gains of trade 
were skewed to buyers, who were able to purchase water well below their willingness to pay, 
while sellers tended to “settle” at their willingness-to-accept price. 

6.4.6 Use of Multiple Trading Structures in a Market 
It is possible and perhaps desirable to allow all the trading structures described above to operate 
in a MAGSA groundwater market. Co-existing trading structures are commonplace in water 
trading. For example, in the Twin Platte NRD in Nebraska, individuals trade water via bilateral 
contract, broker, bulletin board, or electronic clearinghouse. To our knowledge, the only water 
market that mandates a single structure be used is in the Fox Canyon Groundwater Management 
Agency in California, where producers must trade allocations through its “Market 
Administrator,” Cal Lutheran University.  

Allowing multiple trading structures to co-exist offers flexibility to the individuals to trade water 
in the way that works best for them: at least cost (e.g., bilateral contract or bulletin board), with 
the least hassle (e.g., electronic clearinghouse), with the most privacy (e.g., brokerage or 
electronic clearinghouse), or another constraint altogether. It also creates competition and 
pressure to lower transaction costs for participants. However, it requires more complex and 
costly oversight by the GSA to ensure that each trading structure is operating consistently with 
the others and is correctly applying allocation policies and market rules. 

While trading structures are a popular topic in the water markets industry, much of the discussion 
in California is related to the implementation of SGMA. GSAs (such as MAGSA) and their 
member agencies are leading the investigation and development of groundwater trading markets. 
This does not mean that public agencies will necessarily become the administrators or dominant 
trading agents in water markets—the private sector has to date filled this role adequately. 
Bilateral trades are private by their nature; brokerage services are offered by specialized brokers, 
attorneys, engineers, and hydrogeologists, and centralized trading platforms and smart markets 
are offered by consulting and software companies. 

6.4.7 Summary  
Table 4 provides a summary of the major trading structures discussed above and how the 
structure may influence or relate to other market components. The table is illustrative but is not 
intended to capture all such interactions among components. It can serve as a guide for further 
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development of a groundwater market that best meets the needs of MAGSA, supports and 
complies with GSP sustainability criteria, and provides flexibility to its water users.  

6.5 Market Rules 
The objectives of market rules are to address potential situations that would result in one or more 
of the following: 

• Negative impacts to MAGSA’s groundwater sustainability under SGMA. This would 
primarily relate to the measurable objectives and minimum thresholds specified in the 
GSP.  

• Negative impacts to individuals who do not participate in the market. This would 
relate to impacts to stakeholders or beneficial uses within MAGSA that rely on the 
aquifer for water supply. 

• Negative impacts to participants in the market. 

• Negative impacts to the overall economy in the MAGSA area. 

6.5.1 Other Rules 
As described in Section 5, it is possible to predict and model economic changes that result from 
water transfers as they relate to changes in cropping pattern and revenue. The economic analysis 
provided in Section 5 did not include trading zones or other types of constraints that might be 
placed on trades. Further modeling that places geographic constraints on the trading activity 
based on the trading zones described above should be conducted to understand market outcomes 
under different potential rules or other market constraints.  

During the stakeholder interviews, participants shared input about the length of trades. Multiple 
interviewees said the market should allow for a range of purchase lengths, with some 
emphasizing the need for multi-year purchases while others underscored the importance of 
shorter-term purchases. Overall, the stakeholders emphasized the need for certainty in planning 
on the one hand, and the need for flexibility to respond to changing conditions on the other. 
Several interviewees said the market structure should ensure that there is movement and water on 
the market in any given year, for example by staggering the sale lengths with a limited amount at 
each term length in the beginning. A stakeholder said that for MAGSA this is particularly 
important since the GSA does not have access to surface water. One stakeholder suggested 
easing into the market with shorter, one- to two-year sales in the beginning, before adding longer 
term lengths as the market becomes established. A stakeholder suggested that there may need to 
be slightly different trade mechanisms depending on the length of the trade. For example, a long-
term purchase could include an opportunity to renegotiate the price of the water at set intervals 
(such as every five years), with the current buyer having the first right of refusal for the water. 
Finally, one stakeholder expressed support for a “spot market” for very short-term trades of less 
than one year. The stakeholder said that it is important for there to be a mechanism for growers 
to pump a small amount more than they were allocated and/or had purchased, for example due to 
a dry year, whether that was through a spot market or allowing some flexibility in water use that 
a grower could then make up for by using less in the next year.  
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While allocation carryover is addressed above, stakeholders shared thoughts on leave-behind and 
carryover on traded water as well. A stakeholder said that the water market should be structured 
so that there is some leave behind and suggested using the leave-behind amount in the South 
Valley water banking project as a guideline. Another stakeholder suggested that the market 
should allow for carryover of unused water from one year for the next, though the stakeholder 
said that it would be important for there to be a portion left behind each year it is carried over. 

The economic analysis described in Section 5 did not incorporate constraints or rules related to 
allowable trading activity or trading behavior. The framework for the economic analysis could 
easily be extended to evaluate these outcomes. This type of analysis might be conducted in 
coordination with a hydrogeologic assessment to see if there are circumstances that might result 
in specific negative impacts to buyers, sellers, or the GSA. Another recurring concern among 
stakeholders that participated in this study related to equity and the possibility of the market 
concentrating the ability to pump amongst a smaller number of landowners. This could also be 
evaluated in the economic model of MAGSA groundwater trading to evaluate the effectiveness 
of market rules in preventing negative impacts to participants and non-participants in the market. 
Of course, ability, and skill in negotiation and the business or emotional context of a given buyer 
or seller in the market will additionally contribute to how trading occurs and whether specific 
market rules will help or hinder the overall success of a market in aggregate. In addition to 
economic analysis of market outcomes, small scale piloting of water marketing is a potential 
approach to evaluating these types of rules. 

6.6 Monitoring and Enforcement 
Once there is an allocation, a trading structure, and a set of market rules, then the issues of 
monitoring and enforcement need to be addressed. One or more monitoring requirements need to 
be part of a trade agreement between buyer and seller. The market administrator would be 
responsible for reviewing the monitoring requirement and subsequent data submitted to meet that 
requirement. Types of monitoring included in an individual trade agreement could include: 

• Monitoring of groundwater pumping. All participants in the market will need to 
report their groundwater pumping to demonstrate that their pumping conforms to the 
terms and volume of their trades. The frequency of this monitoring could be the same 
or different than any monitoring required as part of the allocation policy.  

• Monitoring of groundwater levels. Participants in the market may need to report 
groundwater levels as part of the terms of a trade. While this is not likely to be a 
requirement for all trades, it could become necessary in cases where the trade has the 
potential to affect GSP measurable objectives in certain areas of the aquifer.  

• Monitoring of water quality, subsidence, surface water depletion. Similar to 
groundwater level, participants in the market could need to report water quality, 
subsidence, or surface water depletion criteria in cases where the trade has the 
potential to affect these specific GSP measurable objectives in certain areas of the 
aquifer.  

• Monitoring of groundwater pricing and volumes. The market administrator will have 
the capability of tracking and analyzing prices, volumes, and locations of trades in the 
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market. What information is made available and to whom is an important 
consideration and will require policy guidance from the MAGSA Board of Directors. 
Pricing knowledge is an important variable in determining the overall outcomes from 
trading when conventional negotiating is used to close deals. In a smart market, an 
agreement on how the gains from trade are defined and shared needs to be defined. 

Enforcement is part of the overall implementation responsibility of MAGSA and will also need 
to be a component of the market. Since physical “delivery” of water is not part of a groundwater 
trade, enforcement entails ensuring that pumping does not violate the allocation policy. A seller 
must pump less than their allocation by an amount equal to the water they have sold in the 
market. A buyer must pump no more than the amount water purchased in the market plus their 
allocation. Both buyer and seller should be subject to penalties if they violate their pumping 
allowance after trading.  

A stakeholder interviewee expressed a preference for using metering to track water use, since it 
is a more familiar system, but given that metering would require self-reporting, the interviewee 
suggested using a combined approach. The combined approach could use satellite imagery to 
determine water use, with metering information used to help resolve grower disputes about the 
satellite-based consumptive use information. 

6.7 Market Administration 
A market administrator is not necessarily required for bilateral contracts, but some form of 
“administration” is required to ensure that trading is in compliance with the GSP. An 
administrator that runs an electronic bulletin board must also maintain the bulletin board and 
make sure the listings are up to date.  

The role of a market administrator in the case of a broker/agent or smart market requires 
additional capability to incorporate allocation policies, market rules, and regulations; manage 
how parties are matched and their eligibility to trade; understand pricing conditions at any point 
in time; and finalize the transaction through contracting, recording, and exchanging monies.  

Market administrators can be any number of public or private entities. Many bulletin boards, 
physical and electronic, are maintained by the water agency, as is the case for the Edwards 
Aquifer Authority, but many administrators are private for-profit organizations or non-profit 
organizations. The selection of a market administrator for a MAGSA groundwater market should 
include consideration of how certain private data, such as price information, are handled; 
whether there is a real or perceived conflict of interest or bias of an administrator; and specific 
expertise or capacity relative to the market structure. 

During the stakeholder interviews, interviewees expressed a range of perspectives related to who 
should administer the market. One interviewee said that MAGSA should administer the water 
market, to ensure transparency and local control and to keep administrative costs low. Another 
stakeholder said that MAGSA should be involved in the administration on some level, even if 
only by serving as the clearinghouse for the market. Another interviewee said administration of 
the water market should be kept as simple as possible, and noted that ultimately MAGSA is 
responsible for ensuring sustainability. One stakeholder emphasized that an entity with 
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experience in other water markets should administer it to bring in lessons learned, but did not 
have a preference as to whether it be MAGSA or another entity. 

6.8 Market Reporting 
Market reporting includes tracking the quantity of water traded; the parties, parcels, and wells 
involved in the trade; and the duration of the trade. This information is reported to the oversight 
agency (MAGSA) to ensure that trading is compliant with the policies and rules of the GSA and 
so groundwater volumes are correctly credited and debited from/to landowner allocations for the 
specified period of time. Permanent transfers, if allowed via the market, may require additional 
reporting, such as recording the deed transfer at the county clerk’s office. 

Price disclosure is an optional reporting policy for all the market structure described in this 
report. Most water trading programs do not require disclosure of price data. Some jurisdictions 
do require price data, such as the Australian Murray Darling. However, it is not easily verified or 
enforced. A recent report showed that a substantial share of trades reported a price of $0 in the 
Murray Darling, which suggests that many individuals choose not to report their prices, despite 
the requirement to do so. The discoverability of price information is also a consideration. If price 
information is stored in a database managed by a public agency, it may be subject to a public 
records request, whereas data stored with a private third-party would not be. In addition, the 
entity managing the data should be trusted to protect the data and not sell or otherwise use it for 
different purposes. 

Pricing information is viewed as sensitive and confidential by many. It is a core part of the 
farming business and an important component of the ultimate price paid for crop harvest. 
Changes in demands, crop markets, or drought conditions cause fluctuations in crop price which 
should also be reflected in the price of water. Broad disclosure on pricing can create price 
“stickiness” where prices do not necessarily reflect the current use or supply chain characteristics 
of the water. Buyers may expect prices that reflect “last year’s price,” or the average price may 
include prices for water that is of relatively “lower value.” This is seen in the environmental 
sector where water is purchased to maintain instream flow. The prices paid for this purpose of 
use are often different than what would be paid for a different purpose of use. However, having 
some idea of the “going price” for water reduces negotiation time and supports long run financial 
planning for farming businesses who are looking to the market to help offset potential reductions 
in their allowable groundwater pumping. Price information also gives the GSA information 
about the regional economic value of bringing additional water supplies to the area. For example, 
if growers appear willing to buy water for a particular unit amount, they presumably would not 
be willing to pay for new water supply that costs substantially more than that. 

During the stakeholder interviews, several stakeholders said that they believed the water market 
could provide both transparency and confidentiality by making some information, like the sale 
price and which districts water is moving between, available publicly, while keeping other 
information, like name or specific locations, confidential. One stakeholder said that government 
agencies, like the County, may need to be able to access more information than what is available 
to the public, to monitor potential issues such as pumping becoming concentrated in a single 
area. An interviewee said that transparency will drive home the true cost of water and may 
change peoples’ willingness to invest in supply augmentation projects. One stakeholder said that 
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confidentiality is important not just for keeping specific information about who bought and sold 
water private, but also for personal security. The stakeholder said that the structure would need 
to allow people trading water to know more information about those they are trading with, but 
that information should not be shared.  
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7. IMPLEMENTING THE ROADMAP 

7.1 Governance and Policies 
MAGSA is ultimately the “responsible agency” (i.e., the regulator) for compliance with SGMA 
and is therefore ultimately responsible for implementation and oversight of a groundwater 
market if one is developed. This does not necessarily require MAGSA Board of Directors 
approval of all trades, nor does it require that MAGSA become the “market administrator.” It 
does require that MAGSA, at a minimum, develop sufficient rules, regulations, and enforcement 
policies that allow a groundwater market to function. 

7.1.1 Potential Policies to be Developed 
There are several core policies that would underpin the development of a groundwater market: 

1. Groundwater Allocation. This is a key policy needed for a groundwater market and 
represents the underlying cap on long-term pumping for each landowner or parcel in 
MAGSA. As described in Section 6, there are a number or potential components to 
the allocation that need to be addressed. In addition, a policy related to how fallowed 
lands are treated (both seasonal or permanent) and whether the carryover of an 
individual allocation from one year to the next should be developed. 

2. Tradable Water Units. This policy will add to the allocation policy, which defines the 
total volumes and types of groundwater available to each groundwater user and define 
what portion of that allocation is tradable on a groundwater market. The policy needs 
to reflect that groundwater traded in the market represent the amount of groundwater 
over and above a selling landowner’s groundwater demand that can be sold to a buyer 
without exceeding the seller’s allocation. 

3. Trade Execution and Approval. This policy will set out the basic requirements for 
execution and approval of trades and define the role of MAGSA (as the oversight 
agency) in that process. As described in Section 6, MAGSA could assign 
responsibility for trade execution to a third party or choose to manage all or part of 
this process internally. This policy should also identify which trading structures will 
be allowed in the market (as described in Section 6) and define specific trading zones 
that would be incorporated into the market design. 

4. Monitoring of Trades. This policy would describe the basic requirements for 
monitoring of groundwater trades after they have been executed. This policy should 
include general guidance on what can be monitored as part of a trade (pumping 
volume, groundwater level, price, etc.), whether “self-policing” by individual 
landowners is allowed, and what would be reported publicly by MAGSA after a trade 
is complete. This policy should describe and acknowledge MAGSAs responsibility as 
the oversight agency for monitoring of groundwater trading and, if necessary, 
enforcement of violations of groundwater trading rules. 

5. Groundwater Market Rules. This policy would not describe the actual rules of the 
groundwater market but would define the basic elements of the “rule book” and how 
MAGSA (as the oversight agency) will create and approve the rules of a groundwater 
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market. This policy could include definitions of key terms; policy level outcomes or 
constraints that the MAGSA Board of Directors wishes to place on trading rules; how 
rules can or cannot be changed over time; and processes for public input for 
rulemaking. 

By adopting the core policies described above, MAGSA can then select one or more market 
trading structures and create rules that will govern the operation of the groundwater market. It is 
likely that, during discussion and development of the core policies, the MAGSA Board of 
Directors will consider many issues that could become part of these core policies or could be 
incorporated into the market rules. Thoughtful organization and discussion of these core policies 
will enable the Board of Directors to achieve its vision, goals, and objectives while providing 
sufficient guidance and detail to develop specific rules for the functioning of the groundwater 
market. 

7.2 Technical and Data Gaps 
There are a number of technical details and/or data gaps that require further study to develop 
both the core policies and the trading rules. These include:  

• Formal adoption of a sustainable yield (total groundwater pumping) and groundwater 
monitoring program for MAGSA. This will depend, in part, on pending comments 
from DWR on MAGSA’s GSP and subsequent approval of the GSP. 

• A hydrogeologic model is needed to analyze potential impacts from trading. This 
model would be used in the process of developing specific trading rules. It would 
need to be capable of evaluating regional hydrogeologic responses associated with 
trading zones, groundwater carryover, recharge of imported surface water, and 
hydrogeologic response to cycles of wet and dry years (including shifts in baseline 
caused by climate change). It would also need to be capable of evaluating changes in 
groundwater levels at specific well locations for specific trading scenarios. This 
technical gap can be filled before or in conjunction with the development of a formal 
allocation policy. 

• Further economic modeling is needed to analyze trading benefits. This model would 
be used in the process of developing specific trading rules. It would need to be 
capable of evaluating potential economic and crop/distribution responses associated 
with trading zones, the volume of groundwater available (both in the market and the 
total allocation) at any point in time, and the effects of different trading structures. 
The model could also be used to compare trading benefits with the costs of GSP 
implementation and how a groundwater market helps MAGSA and/or landowners 
recover these costs compared to a no-market scenario. This technical gap can be filled 
before or in conjunction with the development of a formal allocation policy. 

• Further outreach and stakeholder trading exercises. This study engaged a small group 
of stakeholders in a trading exercise, but this exercise was limited in scope (partly due 
to restrictions in face-to-face contact during COVID-19). Further pilot testing, using a 
larger group of stakeholders, a larger group of trading structures, and specific 
examples of trading rules, is needed to inform MAGSA and their stakeholders on a 
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groundwater market. This technical gap can be filled before or in conjunction with the 
development of a formal allocation policy. 

7.3 Schedule  
The schedule below is outlined for the continued development and implementation of a 
groundwater market strategy in MAGSA. 

2022-2025: Develop allocation policy and technical tools to evaluate hydrogeologic and 
economic effects of specific scenarios for groundwater supply and trading activity. 

2025: The first review and update of the GSP will occur in 2025. The allocation policy and 
further technical analysis of trading could be incorporated into the GSP update and an updated 
implementation task could be to initiate a formal Groundwater Market Pilot program. The details 
of the pilot program should be determined as part of the GSP update. 

2030: The second review and update of the GSP will occur in 2030. The results of the pilot 
program and any associated refinements to the allocation, market rules, or other items identified 
in the pilot program could be incorporated into the GSP update. The full implementation of a 
groundwater market could be adopted as part of this update to the GSP. 

We recommend that a formal review of the groundwater market program be incorporated into 
each 5-year review of the MAGSA GSP. 
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Table 1: MAGSA Monitoring Wells and Associated GSP Objectives
MAGSA Groundwater Marketing Evaluation and Strategy

Geosyntec Consultants

Monitoring Well ID
2020 Interim 

Milestone (WSE)
2040 Measurable 
Objective (WSE)

Minimum Threshold 
(WSE)

13-1 54.1 28.6 -40.50
13-2 107.1 90.7 42.60
13-3 110.4 88.4 12.70
14-1 80.3 64.6 44.90
14-2 27.3 5.6 -53.10
14-3 62.4 46.7 24.10
14-4 81 51.5 14.70
14-5 19.2 5.1 -12.40
14-6 46.1 24.8 -23.20
15-1 11.2 -9.3 -34.90
15-2 -15.7 -44.8 -81.10
15-3 79.4 66 21.10
15-4 88.2 75.7 43.20
15-5 -37.7 -54.9 -135.70
15-6 -30.4 -57.7 -91.90
15-7 74.5 60 28.40
15-8 -29.4 -65.4 -110.40
15-9 -51.4 -83.2 -122.80

15-10 33.9 14.4 -9.90
16-1 -26.8 -58.1 -97.30
16-2 -50.8 -100.8 -163.30
16-3 -16.5 -39.7 -80.00
16-4 39.4 8.8 -29.50

Notes:
WSE = water surface elevation in feet above mean sea level
Source: MAGSA GSP (2020) Table 4-3 and Table 4-5 
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Table 2: Summary of MAGSA Projects and Management Actions
MAGSA Groundwater Marketing Evaluation and Strategy

Geosyntec  Consultants

Rank Projects Capital Cost
Annual 
Capital 

Payment

Average 
Annual Yield 

(AF)

Annualized 
Cost Per AF

1 Fresno City Wastewater Treatment Plant Recharge Basins, FID Houghton Canal System $3,537,000 $230,000 6,745 $41
2 Fresno City Wastewater Treatment Plant Recharge Basins, Lower Dry Creek System $2,223,000 $145,000 4,385 $41
3 Southwest Groundwater Banking $6,221,000 $405,000 2,625 $154
4 Lassen Avenue Reverse Flow & Recharge $3,263,000 $212,000 3,000 $71
5 James Bypass Surface Water Supply & Recharge $38,017,000 $2,473,000 29,760 $83
6 McMullin On-Farm Flood Capture, Phase 2 and 3 $29,795,000 $1,938,000 27,120 $71
7 Houghton Wasteway Expansion $4,922,000 $320,000 2,190 $146
8 South Sandridge Canal Water Supply & Recharge $8,736,000 $568,000 4,800 $119
9 Stinson North Canal Phase 2 $110,245,000 $7,172,000 59,400 $121

10 Stinson North Canal Phase 1 $61,114,000 $3,976,000 39,670 $100
11 Grantland Area Recharge $22,043,000 $1,434,000 7,920 $181
12 Consolidated ID Wristen Ditch Intertie $13,420,000 $873,000 3,175 $275

Notes:
AF = acre-feet
Assumes 5% interest rate loan annualized over a 30-year period.
No operations or maintenance costs are included, except on City of Fresno projects.
Water purchase costs will be an additional cost.
Source: MAGSA GSP (2020) Table 6-35
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Table 3: Summary of MAGSA Water Market Economic Impacts
MAGSA Groundwater Marketing Evaluation and Strategy

Geosyntec Consultants

Impact Measure
Without 
Market

With 
Market

Absolute 
Change

Percent 
Change

Gross Revenue ($ million) $447 $554 $107 24%
Net Revenue ($ million) $223 $250 $27 12%
Irrigated Acres (acres) 68,875 71,388 2,513 4%

Page 1 of 1



Table 4: Summary of Trading Structures
MAGSA Groundwater Marketing Evaluation and Strategy

Geosyntec Consultants

Bilateral Trading "Bulletin Board" Trading Brokered Trading Centralized or "Smart Market" Trading

Description
Individuals find and negotiate trades; 
report to trade administrator

Individuals post offers, then negotiate 
privately; report to trade admin.

Buyers and sellers provide quantity 
and price info to private brokers, who 
identify potential deals, help negotiate 
terms, report to trade admin.

Trade administrator runs the market, which 
aggregates trades and clears market periodically (e.g., 
monthly)

Trade prices and terms
Vary by trade. Can remain private 
(unless reporting required?).

Vary by trade. Brokers can provide some 
advice on price and other terms. Can 
remain private (unless reporting 
required?).

Vary by trade. Can remain private 
(unless reporting required?).

Market clearing price could be published. Could vary 
by zones, timing, or other trade features. Unclear if 
the prices could be kept private. 

Data management/approval rules for 
trades

Private parties report to trade 
administrator, wait for approval.

Private parties report to trade admin., wait 
for approval.

Brokers or traders report to trade 
admin., wait for approval. Broker can 
advise on potential approval.

Market has proposed trade information in its database 
at start. 

Review for trading rules (basin 
sustainability criteria, other criteria)

GSA approval review after trade is 
submitted. May be delayed if GSA 
needs to consider aggregate effect of 
many trades.

GSA approval review after trade is 
submitted. May be delayed if GSA needs 
to consider aggregate effect of many 
trades.

GSA approval review after trade is 
submitted. May be delayed if GSA 
needs to consider aggregate effect of 
many trades.

Periodic (monthly?) market clearing can be used to 
assess both individual and aggregate effects. Smart 
market can build some or most approval criteria into 
its mechanism.

Administrative requirements
Low cost – review and approve 
trades.

Low cost – review and approve trades.
Low cost – review and approve 
trades.

Higher cost to develop and manage market. Potential 
savings in subsequent data management, allocation 
tracking

Allocation tracking
Trade administrator reports to GSA 
for allocation tracking

Trade admin reports to GSA for allocation 
tracking

Trade admin reports to GSA for 
allocation tracking

Trading data already in market database, can be 
linked directly to allocation tracking

Burden on traders

Time and cost to find, negotiate deals. 
May need to deal with more than one 
other party. Trade may be 
disapproved after submission. No 
knowledge of other trading prices

Bulletin board reduces search cost. Still a 
cost to negotiate deals. Trade may be 
disapproved after submission. May need to 
deal with more than one other party.

Brokers reduce search cost and can 
also reduce negotiation cost and “pre-
screen” for approval. Fee paid to 
broker. Trade may be disapproved 
after submission. May need to deal 
with more than one other party.

Submit bid info to market, including floor and ceiling 
prices. No further search or negotiation cost.

Confidentiality
Prices and financial terms can be 
private. Quantities must be reported 
so GSA can manage sustainability.

Prices and financial terms can be private. 
Quantities must be reported so GSA can 
manage sustainability.

Prices and financial terms known to 
broker but otherwise private. 
Quantities must be reported so GSA 
can manage sustainability.

Total quantities are known publicly. Average or 
market-clearing prices may be published. Individual 
quantities reported to GSA. Other bid details 
uncertain - may or may not be protected from legal 
disclosure

Page 1 of 1
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965 University Avenue, Suite 222 
Sacramento, California 95825 
(916) 669-9357 

 

MEMORANDUM 
 
To:   Amer Hussain, Principal 

Geosyntec Consultants, Inc. 
 
Date:   July 21, 2021 
 
From:   Gwyn-Mohr Tully, J.D. 
 
Subject:  Water Market Legal Assessment 
________________________________________________________________________ 

Water law in California is complex, incorporating aspects of century old mining customs, Roman 
law, English common law, judicial and administrative decisions, statutes, and local ordinances.  
Adding to the complexity, California recognizes several categories of water rights, each relating 
to various characteristics of land and water while overlaying those water rights with new laws 
like the Sustainable Groundwater Management Act of 2014.  Water rights for naturally occurring 
underground waters are generally classified as overlying, appropriative, or prescriptive.  And 
water rights that attach to other underground waters may include foreign water, banked or stored 
water, adjudicated water, public trust water, contract water, human right to water, and even 
developed and salvaged water.  The type of right or entitlement that attaches to an underground 
water source is critically important in determining how a water market may practically function, 
particularly in light of the regulatory structures linked to the different rights and the existing and 
future demands for agriculture, municipal and industrial uses, and the environment. 

Groundwater Rights Introduction 

As a starting point, all water rights in California are usufructuary rights, granting an individual or 
entity a right to the use of water but not an absolute right of ownership.  The difference, although 
subtle, is important in that California law prevents an individual from exercising total dominion 
over the resource, reserving some authority to the state.  All water rights are further limited by 
Article X, Section 2 of the California Constitution which requires that water be reasonably used 
for beneficial purposes.1  Groundwater in California is not regulated under a statewide permit 
system as it is in other western States.  Moreover, certain types of groundwater rights may lie 

 

1 It is unclear whether the reasonableness of use of water refers only to wasteful use of water or may include some water use that 
is merely less than optimal.  Where water is scarce, the reasonableness of a particular beneficial use may be compared against 
other beneficial uses. 
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dormant and may be activated or expanded under unpredictable conditions.  All of these water 
right fundamentals impact the utility of a planned water market.   

The groundwater right platform is an integral component of a well-designed and functional water 
market.  The market requires a thoughtful allocation mechanism that aligns water rights and 
entitlements with the GSA sustainability objectives and an implementable trading system.  
Accordingly, the following summarizes the primary groundwater rights that could be 
contemplated as part of an allocation approach and water market.  However, as considered in 
SGMA, any allocation approach contemplated by a GSA does not replace or negate the 
foundational water rights. 

Overlying Water Rights.  Historically, property owners with land overlying groundwater could 
simply drill wells and extract water for use on the overlying land.  The overlying users shared 
these water rights with other overlying users.  The correlative nature of the right requires all 
overlying users to communally reduce their uses in times of scarcity in order to ensure some 
water use for all.  Under this doctrine, there are no junior or senior overlying users who gain 
priority by pumping first or pumping more.  Importantly, an overlying groundwater right is 
generally a water right that exists as part of the bundle of rights associated with ownership of a 
parcel of land but it need not be used in order to exist. 

Appropriative Water Rights.  If there are groundwater supplies in a basin that are surplus to the 
overlying owners’ needs, then this water is available for appropriation by non-overlying users for 
use on non-overlying lands.  Most public water purveyors that use groundwater pump water 
under appropriative groundwater rights.  Here, the hydrology of the basin is the determining 
factor.  If the appropriation of groundwater for the non-overlying use will not cause the basin to 
become overdrafted or injure other users of water, then an appropriation of groundwater for use 
on non-overlying property is allowed.  Groundwater overdraft is generally defined as the 
condition of a groundwater basin or subbasin in which the amount of water withdrawn by 
pumping exceeds the amount of water that recharges the basin over a period of years.   

Prescriptive Rights.  Where overlying groundwater rights and appropriative groundwater rights 
come into conflict, prescriptive groundwater rights arise.  Here, junior water users – generally 
groundwater appropriators – gain prescription against overlying groundwater users where no 
surplus water was available in a basin yet groundwater appropriators continued to pump 
groundwater.  In this way, groundwater appropriators are provided an opportunity to “take” a 
portion of the overlying groundwater right from an overlying water user.  In nearly all 
circumstances where prescription is asserted, legal challenges arise to settle the water right 
disputes. 

Artificial Recharge.  Theoretically, artificial groundwater recharge allows the “recharger” to 
extract the water input into the basin, minus calculated losses, so long as there is no injury to 
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other users.  The baseline condition of the groundwater basin used to calculate the amount of 
water remaining in the basin is usually the key point of contention as water recharged into the 
ground potentially migrates both vertically and horizontally in the underground aquifers, 
effectively reducing the total recharged supply.  As such, the nature and extent of groundwater 
recharge poses a critical issue in assessing water apportionment in groundwater basins.2   

Basin Adjudications.  In some instances, groundwater basins are adjudicated (or settled through a 
stipulated judgment).  Depending upon the structure of the adjudication, groundwater assets – 
regardless of the groundwater right – may create tradable allocations derived from different 
components of available water supplies.  Generally, adjudicated supplies offer more flexibility in 
water markets so long as the market complements the essential purposes of the adjudication. 

Public Trust Doctrine and Human Right to Water.  The Public Trust Doctrine is an evolving area 
of groundwater law that ties directly to the usufructuary nature of a groundwater right.  The state 
preserves water assets for evolving public trust purposes that may retain priority for water asset 
use.  Similarly, under Water Code section 106.3, California has declared a human right to “safe, 
clean, affordable, and accessible water…” and included this recognition in SGMA’s 
implementing regulations.3  These evolving concepts may require recognition in water 
allocations and water markets.  

Intersection of Surface Water and Groundwater Legal Issues 

There are numerous unresolved legal issues associated with the intersection between surface 
water supplies and groundwater supplies.  These issues may greatly complicate actions to 
develop groundwater markets because they cloud the analysis of the water supplies that are 
available for market transactions.  For instance, where water is imported into a particular area 
and it seeps into the soil before or after application to a beneficial use, the legal disposition of the 
imported supply is unclear.  In MAGSA, imported supplies are currently less common than in 
other GSA’s but should be considered in the context of tradable assets in a water market. 

Other emerging issues associated with the intersection of surface water and groundwater should 
be considered as well.  For instance, the Public Trust Doctrine has application to groundwater 
systems in California where determinations of surface water flows are connected to groundwater 
basins.  In these instances, the relationships of surface water rights and groundwater rights may 
be clouded and marketable allocations may be affected even where GSA’s have contemplated 
surface water and groundwater interaction in their GSPs.  

 

2 Recognition of the recharge water by an oversight authority may be a difficult component to resolve in developing a water 
market as it may create an additional allocation that benefits a smaller group of market participants. 
3 Title 23 of the California Code of Regulations at 350.4(g). 
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Groundwater Market Baseline Legal Issues 

Under the basic legal principles governing groundwater law, only some groundwater supplies are 
legally marketable.  For example, overlying groundwater rights – as rights that are included in 
the bundle of rights that make up land ownership – are only available for use on overlying lands 
and cannot be legally severed from those lands for use on other lands.  As such, from a 
fundamental perspective, overlying water rights are not transferable, and thus, not marketable in 
the traditional sense of asset trading.  Thus, the transferability of water that would otherwise 
attach to an overlying water right requires mutual agreement to alter the nature of the water right 
into a transferable allocation.   

Appropriative groundwater rights, however, are more marketable because the right itself is 
already separated from the lands where the water is delivered and may therefore be more easily 
moved to other lands where landowners would want the groundwater supply.  An appropriative 
groundwater right may be transferred so long as the transfer does not injure any other legal user 
of water.  In some instances, the transferable portion of the groundwater appropriation is 
identified as the amount of water that would have been consumed but for the transaction.  This 
consumptive use determination preserves “return flow” or other applied but unused portions back 
into the groundwater system and negates injury claims related to the transferable supply.  
Nevertheless, transfers derived from groundwater appropriations are not bound by the land 
ownership constraints contained in overlying water rights.  Thus, transfers between groundwater 
users in a groundwater basin or even across groundwater basin boundaries may be permitted with 
appropriative groundwater rights.  Reducing the flexibility associated with the rights’ 
transferability, like confining transferability to a specific groundwater basin, may cause 
compensable injury to an appropriative groundwater user.   

Adjudicated groundwater rights are also generally marketable because the specific technical 
characteristics of the supply attached to the adjudication are generally well-defined.  In many 
adjudications, groundwater rights are actively traded in a water market.  In short, the 
juxtaposition of various water rights and entitlements impact a water market’s efficiency unless 
the rules governing the water rights availability are streamlined to make trading of supplies 
viable. 

The Sustainable Groundwater Management Act, however, provides a methodology for 
developing marketable groundwater assets despite the limiting rules imbedded in the water 
rights.  The SGMA requires the development of a Groundwater Sustainability Plan (GSP) that 
prepares the fundamental water management actions among stakeholders in a geographic area.  
The GSP essentially provides a “stipulation” (like a contract) where the stakeholders collectively 
agree to characterize water assets and engage in certain activities in order to meet the 
groundwater sustainability goals developed in the GSP.  Through the agreement to engage and 
create the GSP, the water rights holders may create new rules to implement the GSP – like 
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groundwater allocations that may be traded and exchanged in water markets.  The extent to 
which water markets associated with ratified GSP’s may survive legal challenge from entities 
that oppose water markets, whether inside or outside the GSP regulatory boundary, remains 
unsettled law. 

Fundamental Groundwater Market Legal Issues 

There are several fundamental legal issues that must be considered in developing a market 
associated with a GSPs disposition of groundwater resources, such as:  (a) defining the asset 
available for sale in a market; (b) establishing appropriate contracting mechanisms to trade the 
water assets; (c) managing technical issues, like transferable volumes, that impact reliability of 
supplies delivered; and (d) addressing environmental issues tied to various water assets – like the 
California Environmental Quality Act (CEQA) and the National Environmental Policy Act 
(NEPA).  This section briefly describes some of these issues. 

Defining Transferable Assets 

As noted elsewhere in this section, defining the water assets that could be available in a market 
has numerous imbedded legal issues.  For instance, the water supplies available to each user in a 
groundwater basin may all be lumped together in the creation of a single allocation or may be 
separated into definitive allocations that have different rules or trading platforms.  In this latter 
scenario, the legal definition of specific allocations could be as follows:  (i) native groundwater 
allocation; (ii) transition water allocation (e.g. a term of art used to represent decreasing 
quantities of continued overdraft during the 20-year GSP implementation horizon); (iii) banked 
groundwater or stored water allocation; (iv) foreign water or imported water allocation; and (v) 
surface water allocation (where surface water supplies are incorporated into the water market 
platform). All of these allocations, and potentially additional allocations, may be subject to 
differing sets of legal rules that require formal definition in order to ensure the market functions 
as desired.  Thus, for example, perhaps all water users in the GSA have native groundwater 
allocations and transition water allocations that are transferable, or the rules may establish that 
native allocations are transferrable but transition water allocations are not.  Furthermore, a 
limited subset of other users may also have banked groundwater, stored groundwater, foreign 
groundwater, imported groundwater, or surface water allocations that could also be transferable 
in addition to the native groundwater and transition water.  These allocation categories may have 
similar or different legal trading rules than the rules that apply to native groundwater and/or 
transition water.  Allocations and any specific rules associated with each must be well-defined in 
order to avoid uncertainties in the MAGSA water market. 
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Water Market Contracting Issues 

The essential component of a functioning water market is defining contracting mechanisms that 
incorporate the market rules and provide certainty for the trading participants.  The fundamental 
components of a contract are “offer, acceptance, and consideration” which are further refined by 
California statutes.  Nevertheless, these fundamental components must be addressed either as a 
set of operating principles that overlay a developed market or included with each transaction that 
occurs in the water market.  For example, legally defining how an offer may occur between a 
buyer and a seller in the water market (and conversely how an offer may be withdrawn before a 
transaction is completed) would be a fundamental platform in creating the rules for entry and 
participation in the market.  Carrying this example further, would an offer to sell be a “unilateral 
offer” where a seller is required to accept a buyer’s proposal like an auction or would there be 
opportunities for sellers to withdraw offers to sell if the prices do not reflect a seller’s financial 
desires?  Requiring these rules to be (a) succinctly defined before market activation and (b) 
directly applicable to all market participants that wish to engage in water market transactions 
would likely be preferable to developing specific contracts for each market transaction. 

“Consideration” is also an important component of contracting for water supplies in a water 
market.  Consideration is the exchange of something of value for entering into the contract.  
Typical consideration in water markets involves the exchange of money for receipt of water.  In 
other cases, however, water exchanges and water trades may be appropriate methods to satisfy 
the consideration requirements.  For example, water user 1 may decide to deliver water to water 
user 2 in year one in exchange for water user 2 delivering the same amount of water to water 
user 1 in a subsequent year.  The various forms of consideration necessary for legal contracting 
should be adequately characterized in forming the legal principles guiding development of a 
water market. 

Managing Technical Issues  

Predictably addressing the technical issues with legal ramifications could also be critically 
important in the development of the water market.  For example, where a water transaction is 
ratified between a willing buyer and a willing seller, the implementation of the transaction may 
create its own set of legal issues.  Unlike other goods, groundwater transactions may not result 
from transferring the good itself from buyer to seller, instead, a typical transaction would  
involve the transfer of the ability to access the water from the buyer to seller.  In this way, for 
example, additional groundwater extractions in a particular location (that differs from the seller’s 
location) may cause injury to other groundwater users in the same basin in accordance with the 
technical disposition of the basin.  If a buyer (groundwater user), for instance, extracts five times 
as much groundwater from a particular location than would otherwise occur without the 
transaction, there may be definable injury to neighboring groundwater users where local 
groundwater elevations are impacted by the larger than normal extractions.  Moreover, recovery 
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times related to those larger extractions may comparatively take months or years and should be 
considered in the context of the water market.  In some instances, injury may occur where a 
groundwater pumper continues pumping at the traditional historical rates when the GSP requires 
reduced pumping at each location.  In these ways, potential legal injury to other users of water in 
the defined basin must be based upon sound technical information in order to develop a 
functional water market.  

Environmental Compliance 

The environmental compliance required in a groundwater market may result from numerous 
actions linked to market development and implementation.  These compliance issues can be 
separated into the following categories:  (i) market creation and development; (ii) water sources 
available in the market; (iii) market transactions; and (iv) market externalities.  The 
environmental compliance issues generally arise in the context of CEQA and NEPA. 

Market Creation and Source Water 

In creating a water market, CEQA and NEPA issues should be addressed.  Specifically, the 
public and private nature of the participants in the proposed market as well as the water assets 
that could be incorporated into a water market should be considered in assessing the need to 
comply with applicable law.  For instance, if state or local agencies are involved in developing 
the water market, CEQA compliance may be required in order for those agencies to develop the 
market and/or participate in the market.  Moreover, where state developed water assets – like 
State Water Project contract supplies – are potentially tradable in a water market, CEQA 
compliance may be required.  Similarly, where federal agencies or federal water assets – like 
CVP Project Supplies – are included in a market, NEPA compliance may be necessary.  
Although the scope and extent of CEQA and NEPA compliance requires a detailed look at the 
local, state, or federal action, the generally applicability of these laws should not be ignored in 
creating a viable water market. 

Market Transactions and Market Externalities 

Market transactions may also trigger CEQA or NEPA compliance.  Where a local, state, or 
federal agency engages in a “project” CEQA or NEPA compliance may be triggered so long as 
no exemption applies.  In short, each market transaction may be considered a project that 
requires environmental review.  In some places, local, state and federal agencies have created 
broad environmental documents that provide some level of compliance with environmental laws.  
For instance, in the Sacramento River watershed north of the Delta, the Bureau of Reclamation 
adopted a five-year NEPA compliance document that covered in-watershed water transfers under 
the Central Valley Project Improvement Act.  This environmental document provided broad 
environmental compliance documentation to cover to all water transactions that included federal 
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CVP Project Supplies that occurred within the watershed.  Accordingly, recognizing that market 
transactions may require CEQA and NEPA compliance should be considered in the context of 
market development. 

Additional items that are external to the water market may trigger environmental compliance that 
may have not been addressed in the original environmental compliance actions.  For instance, 
transactions that have third-party impacts or other external issues (e.g., effects on species habitat) 
may create environmental issues in addition to those that are considered in the normal water 
market.    

Water Market Legal Summary 

Water markets must consider underlying legal issues before development of allocations and 
trading platforms.  The underlying legal issues include (1) evaluating the nature and extent of the 
groundwater rights that may create tradable allocations; (2) establishing a market platform that 
converts the underlying rights into tradable allocations; (3) determining the rules associated with 
various tradable allocations ; (4) developing market rules that meet California’s contracting legal 
requirements; (5) assessing technical issues that implicate injury considerations for other legal 
users of water; and (6) resolving CEQA and NEPA issues in the context of market creation and 
implementation.  All of these legal issues deserve further investigation in the context of 
developing and implementing a water market for MAGSA. 
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965 University Avenue, Suite 222 
Sacramento, California 95825 
(916) 669-9357 

 

MEMORANDUM 
 
To:   Amer Hussain, Principal 

Geosyntec Consultants, Inc. 
 
Date:   July 21, 2021 
 
From:   Tully & Young, Inc. 
 
Subject:  Analytical and Ranking for Water Supply Alternatives 
________________________________________________________________________ 

Ranking Criteria  

This chapter provides the methodology that should be used to evaluate water supply alternatives 
for MAGSA and explains the details underpinning the alternatives rating methodology. Using 
ranking criteria provides a means to systematically and more objectively evaluate the water 
supply alternatives among various stakeholders in order to determine whether the identified 
alternatives meet the project objectives.  Further ranking criteria help gauge the likelihood each 
alternative could be implemented, and how the alternatives relate to one another.  The 
preparation of these criteria is an attempt to remove some preconceptions from individuals rating 
the alternatives and incorporate concepts that may be understood differently by one or more 
evaluators.  Nevertheless, the outcomes derived from ranking criteria are merely an indicator of 
whether a proposed water supply alternative may be viable for further research and future 
implementation.  Additionally, standardized ranking criteria allow stakeholders and staff to 
reassess projects and opportunities with changing conditions like funding, hydrology, and policy.   

Fully analyzed final options – including full legal and technical analyses – should occur during 
future decision-making and cost/benefit determinations.  Using this selection methodology 
empowers decision-makers to narrow down and prioritize the group of alternatives that should be 
more fully investigated – a decision-making tool that can help focus limited resources to projects 
that most effectively achieve the MAGSA’s objectives. 

Once the alternatives have been ranked against the criteria and each ranking criterion has been 
scored, then the ranks are added together.  The sum of the scores of the ranked criteria allow 
each alternative to be examined as against the other alternatives’ scores that utilize the same 
ranking criteria.  The ranking criteria range from 1 to 5, where 1 was the “least, lowest, or less 
chance of meeting the criteria” and 5 was the “best, greatest, or most likely to meet the criteria.”  
Examining the scores given by a diverse group of stakeholders in each ranked category is 
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important to understanding the clarity of the identified alternative and the potential to engage in 
future analysis.  Where scores are extremely varied, the criteria and the alternative may need 
refinement or may require additional evaluation.     

LEPT Factors 

The proposed methodology to evaluate water supply alternatives uses four general factors in 
order to develop the ranking criteria.  These general factors are called the “LEPT Factors.”  
These four factors denoted in the acronym are identified per their leading letters:  Legal, 
Economic, Political and Technical factors.   

Legal Factors 

The category of criteria developed under the heading “Legal” included issues that apply to law 
and regulations.  Specifically, these criteria are those that will somehow trigger a law-related or 
regulatory analysis or review.  For instance, where a federal agency might be involved in a 
proposed water supply alternative, federal legal and regulatory requirements would be triggered 
under laws like the National Environmental Policy Act (NEPA). 

Criteria that should be used in attributing “legal” or “regulatory” for the water supply alternatives 
scoring are as follows: 

 Legal Complexity/Sophistication 
 Regulatory/Administration Complexity 

Legal Complexity/Sophistication encompasses the overarching legal difficulty in moving a 
proposed alternative forward.  Alternatives that are not legally complex would score high while 
alternatives that are legally complex would score low.  For instance, where a water supply 
alternative would require a full Central Valley Project (CVP) water supply contract assignment, 
it would likely be scored low (a 2 on the scale of 1 to 5) because that action would be legally 
complex.  A “good” score related to this criterion would be a 5 – meaning that the proposed 
water supply alternative is “not legally complex.”  The CVP contract assignment would likely 
not only require modification of many terms in the contract, but also require full compliance with 
all federal law – including the Endangered Species Act and NEPA – in making a change in place 
of use (for example).  Such compliance could be extremely time-consuming and difficult to 
develop which makes the ranking of this alternative on the Legal Complexity/Sophistication 
most likely very low. 

The Legal Complexity/Sophistication criteria also incorporates the likelihood of litigation related 
to the alternative.  For example, the CVP contract assignment used in this example may or may 
not trigger litigation from other interested parties.  If the CVP contract assignment would reduce 
the water supply normally available to another water rights/contract holder, then the likelihood of 
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litigation may be high.  Where the contract assignment would not reduce the water supply 
normally available to other legal users of water, then litigation may be unlikely.  As such, the 
score might be further reduced from a 2 to a 1 to reflect a significant threat of litigation. 

Regulatory/Administrative Complexity encompasses the functions of the executive branches of 
government in administering law and creating regulations related to that law.  Here, under the 
CVP water supply contract assignment example, there would be a significant regulatory and 
administrative effort by the federal government in order to bring this alternative to fruition.  For 
example, regulatory staff at the United States Bureau of Reclamation are required to petition the 
United States Department of Interior in order to receive authorization to initiate CVP contract 
assignment.  If that authorization is granted, then Reclamation must undertake additional 
analyses to determine what the potential CVP water supply contractor’s change would entail.  
These processes can be very involved and complex.  Thus, examining the 
Regulatory/Administrative Complexity criteria under a legal factor indicates that this proposed 
water supply alternative would likely score a 1 or 2. 

Economic Factors 

The criteria that should be used to develop the “economic” factor for the water supply 
alternatives scoring is “cost to implement.”  The cost to implement a particular water supply 
incorporates all monetary expenditures that would be necessary to bring the alternative to 
fruition both now and in the future.  This criterion may include, among other things, water 
supply acquisition costs, water supply conveyance costs, treatment costs, transaction costs, up 
front capital costs, delivery costs, and long-term operation and maintenance costs.  Each person 
charged with ranking the alternative against this criterion should use their unique understanding 
and experience of overall water supply alternative costs to inform their judgment.  For example, 
to assign the CVP Project Supply contract as noted in the example above, the costs to develop 
and execute the contract may be attributed to developing and meeting the legal and regulatory 
criteria (the transaction costs) as well as building new infrastructure and conveyance.  As such, 
the costs to assign the CVP Contract could be ranked 1 or 2, since infrastructure expenditures to 
receive the water would be high. 

Political Factors 

“Political Willingness” is the political criteria used in evaluating each of the proposed water 
supply alternatives.  Political willingness is a broad category used to quantify the political 
expediency of a proposed alternative where a score of 1 would indicate that there is a lack of 
political willingness to move a project forward and a score of 5 would indicate a high degree of 
political willingness to move a project forward.  An alternative means of looking at political 
willingness is whether the particular project is controversial among one or more interest groups.  
Using the example of CVP Contract assignment outlined above, some interest groups would be 
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supportive of this concept and willing to place political weight behind moving this alternative 
forward.  For instance, other Central Valley Project contractors – specifically agricultural 
contractors located south of the Delta – may politically oppose a CVP contract assignment if the 
outcome of that assignment could reduce the water supplies or CVP system conveyance capacity 
that the agricultural users might otherwise control.  Accordingly, assessing political willingness 
to support a proposed water supply alternative is based upon the person’s perception of the 
controversial nature of the alternative and other interest groups’ willingness to support the 
alternative.   

Technical Factors 

Criteria considered “technical” for the water supply alternatives scoring are as follows: 

 Water Supply Benefit to MAGSA 
 Time to Implement the Alternative 
 Can Combine with Other Options 
 Overall Chance for Success 

The water supply benefit to MAGSA as a technical criterion is based on the assessment of 
whether actual water supply may be delivered to MAGSA and whether that water supply would 
be a reliable source of supply.  The ranking by each stakeholder will reflect their individual 
perspectives and experiences.  For instance, a stakeholder might score the CVP Contract 
assignment as a 1 because the actual delivery of the assigned water would be difficult or the 
reality of a locally available CVP Contract for assignment is minimal.  The prediction on the 
availability of assigned CVP Water is uncertain and thus a technical feasibility ranking of 3 may 
be appropriate until further information is developed. 

The next evaluated technical criterion that could be considered is the “time to implement” the 
proposed water supply alternative.  CVP Contract assignment could take an excessively long 
period of time.  In some historical cases, CVP Contract assignments have taken ten years or more 
because of the sheer volume of data analysis that accompanies such an assignment.  In other 
instances, however, the CVP Contract assignments have concluded in a much shorter amount of 
time where diversion and delivery terms remain unchanged.  In this CVP Contract assignment 
example, however, the time to implement the contract would likely be longer because the water 
supply benefit that would be derived from the contract would require a change to the existing 
contract terms (or at least term clarification) in order to provide more water supply to MAGSA.  
Thus, it is more likely than not that the “time to implement” a CVP Contract assignment would 
require a significant amount of time.  Here, a ranking of 2 on a scale of 1-5 would be 
representative of the time period. 

The last technical alternative that could be considered is whether the water supply alternative 
“Can Combine with Other Options.”  Here, the person charged with scoring an alternative under 
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this criterion will determine whether the alternative is congruent with other possible water supply 
alternatives.  For instance, a CVP Contract assignment alternative might be conceptually 
combined with a groundwater banking alternative.  In this way, increased water supplies made 
available under the assigned CVP Contract could be stored in a groundwater banking facility.  
Here, a rank of 4 out of 5 may be warranted.  However, combining a CVP Contract assignment 
alternative with a new surface water appropriation is less likely.  These alternatives have no 
intuitive nexus and are not likely to complement each other in furthering the overall water supply 
benefit of one or the other.  Here, a rank of 1 out of 5 may be warranted.  As such, the 
opportunity to combine with other alternatives is not universal as applied to all alternatives.   

The final ranking criterion to consider in evaluating a water supply alternative is the “Overall 
Chance for Success.”  This criterion is used as a “catch all” for purposes of capturing a 
stakeholder’s overall reaction to the water supply alternative presented.  The criterion allows a 
stakeholder to evaluate the alternative not just against the listed, more specific, criteria, but also 
to provide a reaction to the overall alternative based on weighted criteria in the matrix or an 
overall understanding based upon experience.   

Summary of LEPT Factors 

The Plan-specific criteria detailed in the prior subsections can be summarized for ease of use 
during stakeholder workshops to address water supply alternatives.  Absent the details, however, 
understanding each criteria based upon the summary terms is challenging.  Nonetheless, the 
summary does provide a quick tool for reflecting on the differences in each LEPT factor during a 
ranking exercise.  Simply represented, the recommended ranking criteria are: 

1. Water Supply Benefit to MAGSA  
2. Legal Complexity/Sophistication  
3. Regulatory and Administrative Complexity  
4. Cost to Implement  
5. Time to Implement  
6. Political Willingness  
7. Can Combine with Other Options   
8. Overall Chance for Success  

To aid with the ranking, the eight criteria can be provided with simplified descriptions for high 
and low scoring, allowing each opportunity to be scored on a scale of 1 to 5, where a score of "5" 
is “highest, easy to achieve, best” and a "1" is “lowest or worst or difficult to achieve.”  The 
simplified descriptions are shown for each criterion below: 

1. Water Supply Benefit to MAGSA  
a) 5 = significant and reliable volumes of water  
b) 1 = unreliable and/or small volume  
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2. Legal Complexity/Sophistication  
a) 5 = few and simple (routine) legal issues, contracts, procedures, and potential 

litigation  
b) 1 = multiple and complicated legal issues, contracts, procedures, and potential 

litigation 
3. Regulatory and Administrative Complexity  

a) 5 = few and simple (routine) issues, procedures, permitting or administration 
b) 1 = multiple and complicated issues, procedures, permitting or administration 

4. Cost to Implement  
a) 5 = low annual cost, transaction costs, and amortized capital cost 
b) 1 = high annual cost, transaction costs, and amortized capital cost 

5. Time to Implement  
a) 5 = one year or less from start of process for water delivery 
b) 1 = 10 years or more from start of process for water delivery 

6. Political Willingness  
a) 5 = broad agreement among political interests 
b) 1 = high potential for controversy among political interests 

7. Can Combine with Other Options   
a) 5 = quantity and/or reliability are permanently improved when combined with 

another opportunity  
b) 1 = creates limited or no additional quantity and/or reliability improvements 

8. Overall Chance for Success  
a) 5 = scorer’s intuition: high likelihood of success  
b) 1 = scorer’s intuition: low likelihood of success 
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Water Supply Alternatives 

This section presents the initial list of surface water supply opportunities that could be imported 
into the MAGSA region to help achieve sustainability goals.  Opportunities listed in the 
following tables span a wide range of ideas to assure many pathways are assessed, and, if 
determined infeasible, removed from consideration through a stepwise, documented process.  
Additionally, including such an expansive range helps assure a feasible subset can be identified 
and targeted for near and long-term implementation to achieve the desired goals. 

Developing opportunities for consideration began with organizing specific types of supply 
options within the following geographically-based regions: 

1. Mainstem San Joaquin River upstream of Mendota Pool 
2. Kings River Basin 
3. Eastside Tulare Basin/Kern Basin  
4. San Joaquin River downstream of Merced (exported prior to Delta) 
5. Export from Delta Watershed (excluding the SJ River)(water originating north of the 

Delta) 

Within each region, several surface water supply options are identified and accompanied by a 
brief description.  Often, a general “type” of option, such as “Lease/Buy a Water Right/Contract” 
occurs within each region.  In this particular example, no specific rights or contracts is identified 
in a region.  Rather these repeated option types will help focus future efforts to identify and 
pursue specific projects by region – should the generalized type be determined viable for pursuit 
in that particular region based upon the outcome of the previously-discussed ranking approach.  
Additionally, unique opportunities are also included within each geographic region. 

The following tables provide the identified options within each geographic category. 

Option Title Description 
Mainstem San Joaquin River upstream of Mendota Pool 
  Urban/Ag conservation Identify local conservation actions, quantify conservation, and make 

conserved water available for transfer 

  Groundwater Substitution  Substitute groundwater for transferable surface water per water 
transfer whitepaper 

  Assign CVP contract Identify CVP Contractor on San Joaquin River and assign CVP Contract to 
MAGSA 

  CVP Area of Origin Transfer Coordinate CVPIA in-watershed transfers among CVP contractors 

  Yield from New/Expanded Reservoir Identify Temperance Flat Reservoir opportunities or other large-scale 
reservoir opportunities 
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  Lease/purchase water 
right/contract 

Identify surface water assets and lease for period of time or purchase 
complete right 

  Ag Fallowing Transfer Fallow agricultural land and transfer supplies to MAGSA 

  Water Exchange Exchange water assets where feasible.  Exchanges may be equal or 
lopsided (e.g. 2 for 1 exchange). Exchange may include alternative 
surface supplies in other locations 

  Purchase Land With Water Rights Identify lands with water rights and purchase those lands in order to 
move or use water rights in some way 

  Purchase Upstream Reservoirs Look for smaller upstream reservoirs that may have dual purposes and 
that could be purchased 

  Offsite Groundwater Acquisition Purchase groundwater from outside MAGSA and bring it into MAGSA 
area 

  Retire Lands with Groundwater 
Allocations and Assign Rights 

Obtain groundwater allocations through land retirement outside of 
MAGSA service area and bring rights into MAGSA 

  CVP 215 Acquisition Use existing CVP contracts to obtain 215 water with application into 
MAGSA place of use 

  Stormwater Appropriation Capture flood water with an appropriative water right from significant 
rain events  

  Recycled Water Acquisition Identify recycled water supplies that could be imported and stored in 
the MAGSA region 

 

Option Title Description 
Kings River Basin  
  McMullin On-Farm Flood Capture, 

Phase 2 and 3 
Increase groundwatrer storage by 27,000 af on an average annual basis 
using high flow releases on the NF of the Kings River.  Up to 500 cfs 
would be diverted at the approved turnout and canal immediately d/s of 
McMullin Grade 

  Lease or purchase water 
right/contract 

Identify surface water assets and lease for period of time or purchase 
complete right 

  Ag Fallowing Transfer Fallow agricultural land and transfer supplies to MAGSA 

  Acquire SWRCB Water Right Pursue water right (temporary or permanent) associated with potential 
re-openign of "Fully Appropriated Stream" status on the Kings River or 
other unappropriated flows on streams within Kings watershed.  

  Water Exchange Find opportunities to exchange water supplies for Kings River supplies 

  Purchase Land With Water Rights Identify lands with water rights and purchase those lands in order to 
move or use water rights in some way 

  Urban/Ag conservation Identify local conservation actions, quantify conservation, and make 
conserved water available for transfer 
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  Groundwater Substitution  Substitute groundwater for transferable surface water per water 
transfer whitepaper 

  Reservoir Re-operation Identify opportunities for reoperation of reservoirs to develop more 
yield from the reservoir 

  Offsite Groundwater Acquisition Purchase groundwater from outside MAGSA and bring it into MAGSA 
area 

  Retire Lands with Groundwater 
Allocations and Assign Rights 

Obtain groundwater allocations through land retirement outside of 
MAGSA service area and bring rights into MAGSA 

  Stormwater Appropriation Capture flood water with an appropriative water right from significant 
rain events  

  Recycled Water Acquisition Identify recycled water supplies that could be imported and stored in 
the MAGSA region 

 

Option Title Description 
Eastside Tulare Basin/Kern Basin  
  Assign CVP contract Identify CVP Contractor on Friant system and assign CVP Contract to 

MAGSA 

  Lease or purchase water 
right/contract 

Identify surface water assets and lease for period of time or purchase 
complete right 

  Ag Fallowing Transfer Fallow agricultural land and transfer supplies to MAGSA 

  Acquire SWRCB Water Right Pursue water right (temporary or permanent) associated with streams 
in east Tulare and Kern Basin 

  Water Exchange Find opportunities to exchange water supplies for Tule or Kern 
watershed supplies 

  Purchase Land With Water Rights Identify lands with water rights and purchase those lands in order to 
move or use water rights in some way 

  Urban/Ag conservation Identify local conservation actions, quantify conservation, and make 
conserved water available for transfer 

  Groundwater Substitution  Substitute groundwater for transferable surface water per water 
transfer whitepaper 

  Reservoir Re-operation Identify opportunities for reoperation of reservoirs to develop more 
yield from the reservoir 

  Offsite Groundwater Acquisition Purchase groundwater from outside MAGSA and bring it into MAGSA 
area 

  Retire Lands with Allocations and 
Assign Rights 

Obtain groundwater allocations through land retirement outside of 
MAGSA service area and bring rights into MAGSA 

  Stormwater Appropriation Capture flood water with an appropriative water right from significant 
rain events  
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  Recycled Water Acquisition Identify recycled water supplies that could be imported and stored in 
the MAGSA region 

  CVP Area of Origin Transfer Develop an area of origin with CVP contractor to obtain short-term 
contract entitlements 

  CVP 215 Acquisition Use existing CVP contracts to obtain 215 water with application into 
MAGSA place of use 

  Produced Water Acquisition Water asset would be exchanged with other water supplies 

 

Option Title Description 
San Joaquin River downstream of Merced (exported prior to Delta) 
  Lease or purchase water 

right/contract 
Identify surface water assets and lease for period of time or purchase 
complete right 

  Ag Fallowing Transfer Fallow agricultural land and transfer supplies to MAGSA 

  Acquire SWRCB Water Right Join or support the Merced Irrigation District (and joint GSAs) water 
right application or the various Temporary Urgency Petitions/water right 
applications along the Chowchilla and Eastside Bypass to obtain a share 
of the new right (in exchange for payment/support/other) 

  Water Exchange with eastside 
tributary water right holders 

Find opportunities to exchange water supplies for eastside water right 
holders 

  Water Exchange with SJR Exchange 
Contractors 

Find opportunities to exchange water supplies with exchange 
contractors allocations or water rights 

  Purchase Land With Water Rights Identify lands with water rights and purchase those lands in order to 
move or use water rights in some way 

  Urban/Ag conservation Identify local conservation actions, quantify conservation, and make 
conserved water available for transfer 

  Groundwater Substitution  Substitute groundwater for transferable surface water per water 
transfer whitepaper 

  Reservoir Re-operation Identify opportunities for reoperation of reservoirs to develop more 
yield from the reservoir 

  Offsite Groundwater Acquisition Purchase groundwater from outside MAGSA and bring it into MAGSA 
area 

  Retire Lands with Allocations and 
Assign Rights 

Obtain groundwater allocations through land retirement outside of 
MAGSA service area and bring rights into MAGSA 

  Stormwater Appropriation Capture flood water with an appropriative water right from significant 
rain events  

  Recycled Water Acquisition Identify recycled water supplies that could be imported and stored in 
the MAGSA region 
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Option Title Description 
Export from Delta Watershed (excluding the SJ River)(water originating north of the Delta) 
  Urban/Ag conservation Identify local conservation actions, quantify conservation, and make 

conserved water available for transfer 

  Groundwater Substitution  Identify areas where groundwater may be used in lieu of surface 
supplies and transfer surface supply to MAGSA 

  Reservoir Re-operation Reoperate North of Delta reservoirs in accordance with Whitepaper and 
transfer supplies to MAGSA 

  Assign CVP/SWP contract Identify CVP or SWP Contractor and assign contract to MAGSA 

  Yield from New/Expanded Reservoir Consider obtaining yield from Sites Reservoir 

  Lease/But water right/contract Identify surface water assets and lease for period of time or purchase 
complete right 

  Ag Fallowing Transfer Fallow agricultural land and transfer supplies to MAGSA 

  Acquire SWRCB Water Right Pursue water right (temporary or permanent) associated with streams 
North of Delta and deliver through CVP/SWP conveyance 

  Water Exchange Develop an opportunity for a more local purveyor to receive Delta 
Watershed water rights in exchange for a more local supply like a CVP 
contract 

  Purchase Land With Water Rights Identify lands with water rights and purchase those lands in order to 
move or use water rights in some way 

  Purchase Upstream Reservoirs Look for smaller upstream reservoirs that may have dual purposes and 
that could be purchased 

  Offsite Groundwater Acquisition Purchase groundwater from outside MAGSA and bring it into MAGSA 
area 

  Retire Lands with Allocations and 
Assign Rights 

Obtain groundwater allocations through land retirement outside of 
MAGSA service area and bring rights into MAGSA 

  CVP 215 Acquisition Use existing CVP contracts to obtain 215 water with application into 
MAGSA place of use 

  Stormwater Capture Obtain groundwater allocations through land retirement outside of 
MAGSA service area and bring rights into MAGSA 

  Recycled Water Acquisition Identify recycled water supplies that could be imported and stored in 
the MAGSA region 

  SWP Exchanges Work with SWP contractors to create exchange opportunities that 
would allow them to free up alternative water supplies 
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1. MAGSA Groundwater Market Design and Economic Analysis 
Appendix Overview 

This appendix describes the components of a groundwater market, design options for MAGSA, and an 
economic analysis of potential market outcomes in MAGSA. An introductory section introduces 
groundwater markets and the concept of trading.  

The MAGSA groundwater market design options presented in this appendix are based on the components 
of a groundwater market that were presented to MAGSA and its stakeholders at a series of three public 
workshops held in 2020. This incorporates formal and informal feedback received from stakeholders at 
the public workshops and in interviews conducted by other Geosyntec consultant team members. 
MAGSA did not select specific options for each component of groundwater market design under this 
project. This is because groundwater market design depends on other groundwater management decisions 
that MAGSA is currently considering for its GSP (e.g., development of a conceptual approach to 
groundwater allocation). Therefore, this appendix describes options available to MAGSA for groundwater 
market design and notes where specific preferences were identified under this project but does not 
identify a single preferred alternative for MAGSA.  

In addition to providing an overview of groundwater market design options for MAGSA, this appendix 
summarizes the method and results of an economic analysis illustrating the potential effect of a 
groundwater market for MAGSA growers. In particular, the economic analysis quantifies the potential 
gains from trade that a market would create relative to required demand management without a 
groundwater market. The analysis quantifies the value that voluntary trading offers to market participants. 
It illustrates gains from trade under a general groundwater market. The analysis could be extended in the 
future to illustrate outcomes under different market rules, trading structures, and allocation 
considerations. 

The appendix is structured as follows. The next section introduces markets and the concept of trading 
groundwater. This is followed by a short section with definitions of terms that are used in the appendix. 
Section 4 provides a summary of each of the components of a potential MAGSA groundwater market. 
Section 5 describes an economic analysis of potential market outcomes, and Section 6 provides some 
summary remarks and a summary table of market design options for MAGSA. Finally, Section 7 provides 
a short inventory of the other groundwater markets that were reviewed to support MAGSA market design 
options.   

2. Water Market Summary 
A market is an economic institution that enables willing buyers and sellers to meet and transact business, 
trading goods and services in exchange for other goods and services (usually, but not always, involving 
the exchange of money). For any particular good (or service), willing buyers of that good perceive that 
they would be better off exchanging some of their money, time, or other valuable assets to acquire the 
good. The good can be anything the buyer finds valuable – food, insurance, a paycheck, recreation, or, in 
the case here, water, and in particular, groundwater. Sellers of the good perceive that they would be better 
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off parting with some of the good in exchange for something they believe will provide them greater value, 
whether the value is money, another good or service in exchange, or simply pleasure. 

A market can be a physical marketplace location (e.g., a store, commodity trading floor, or flea market), 
but as electronic communications have advanced in the 20th and 21st centuries, market transactions have 
increasingly become conducted electronically. A market provides information to participants and to 
others. It allows buyers and sellers to find each other, and shows buyers what is available and what they 
need to do to acquire it. Likewise, it tells sellers who is interested and what they may be willing to pay. 
Importantly, the market transactions provide signals about the value of the good to the market 
participants. In the case of water, local market transactions can signal how local users value water and 
therefore how much they may be willing to pay for other water development or management options. 

Markets can provide benefits for the participants, and they can help direct economic resources in a 
direction that improves the economy as a whole. However, market transactions can also affect third 
parties - others not directly involved in the transaction. This is especially important when the market 
involves a natural resource like water that affects lives and livelihoods in many ways.  For markets to 
work well for buyers, sellers, and third parties, the participants must know what they have to trade and 
under what conditions or restrictions. Rules are needed that1: 

• Define who can participate, the quantity that they can trade (this is directly related to 
groundwater allocation and credits – see further discussion in Section 4.2 below). 

• Assure the participants of what they are buying or receiving and assure them that their 
transactions will be honored. 

• Protect third parties (including people and the environment) from unintentional, significant harm. 
To provide, a coordination and oversight entity is needed 

• Allow the flow of information needed to conduct exchange to occur at relatively low cost. 

A groundwater market is the application of these concepts to buying and selling groundwater. Courts are 
available to protect property rights and enforce contracts. Courts sometimes are asked to determine other 
market-related features of groundwater use, such as underlying water rights and setting allocations and 
pumping rules. However, MAGSA is implementing its Groundwater Sustainability Plan (GSP) and 
developing a groundwater market strategy without court involvement (see Appendix A for a discussion of 
legal and institutional issues that may arise in developing and implementing a groundwater market). Other 
market design components and decisions about processes, information flow and management, monitoring 
of groundwater sustainability conditions, third party impacts or benefits, and important stakeholder and 
political considerations are part of MAGSA’s market strategy development. 

 

 

1 Other conditions for efficient market operation have been developed and much discussed in economics textbooks and journals, but a complete 
discussion is beyond the needs of this report. 
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3. Definitions  
The following terms are used in the description of market components below. 

Trading rules are conditions or restrictions on groundwater trade quantities, timing, or location that are 
derived from groundwater allocation decisions, other GSP sustainability criteria, and other legal, social, 
or political concerns. 

Trade administrator is the GSA-authorized entity that manages trades. Activities could include 
maintaining a list of eligible participants and offers to sell or buy, reviewing proposed trades for 
consistency with trading rules, verifying that trade participants fulfill their obligations, handling the 
payments and any fees or assessments, and maintaining records of trade quantities. If a centralized or 
smart market is used, the administrator would also be responsible for those activities, either by 
performing them itself or by contract with another entity. 

Centralized market is a formal trading structure in which individual buyers and sellers need not be 
matched up. Bids to buy or sell are submitted to the market and a computer calculates which trades can be 
fulfilled to meet the greatest number of bids and achieve the greatest benefit to participants. The 
centralized market can also If desired, the centralized market can publish the latest market price 
information (de-identified, using overall averages or rolling averages) to help participants make trade 
decisions. 

4. Groundwater Market Components 
An effective strategy for implementing a groundwater market in MAGSA must jointly consider physical, 
legal, regulatory, economic, and political conditions. This includes subbasin conditions that are the reason 
for considering a groundwater market. It must also consider how design features are implemented – how 
trading takes place, how information is provided and managed, how subbasin sustainability is monitored 
and verified, and how trading rules are developed, enforced, and adapted over time. In the following 
sections these components of market design are broken into categories for discussion. 

Figure B-1 illustrates and provides a brief description of the different component required for developing 
a groundwater market institution. These are broken-down into seven (related) components. These include 
subbasin conditions, allocation, trading structure, market rules, monitoring and enforcement, market 
administration, and market reporting. It is noted that subbasin conditions and allocations were not 
specifically addressed as part of the groundwater market strategy design for MAGSA because subbasin 
conditions are largely covered under the MAGSA Groundwater Sustainability Plan (GSP), and allocations 
will be addressed under future GSP implementation.   
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Figure B-1. Groundwater Market Components 

 

The grouping of components in the diagram are intended to illustrate the range of physical, data 
management, technical, and administrative elements (facts, preferences, policy options, and other 
considerations) that constitute a groundwater market strategy. In some cases, the component groups are a 
bit arbitrary – for example, monitoring and reporting are obviously related – but the structure provides a 
convenient and useful way to describe the pieces of a market strategy. The following subsections describe 
each component as they apply to MAGSA. This includes a general overview, and explanation tailored to 
the conditions in MAGSA based on the analysis developed for the MAGSA water market strategy and 
feedback from stakeholders at public meetings and interviews.  

4.1 Basin Conditions 

An effective MAGSA groundwater market strategy and design must be appropriate for and tailored to 
local conditions, which encompass the physical, legal, economic, and social characteristics of the 
subbasin. Understanding subbasin conditions is essential to designing a water market that can strike the 
right balance between facilitating gains from trade, avoiding unintended outcomes, and keeping market 
transaction costs low. 

Physical conditions include the conditions and trends in groundwater, hydrology and climate, and 
infrastructure. These features shape the sustainability criteria (Minimum Thresholds and Measurable 
Objectives) that the GSP has identified and the options MAGSA and its growers have for managing water 
use over time. Sustainability considerations such as loss of storage, areas of drawdown, or subsidence 
affect MAGSA groundwater market design through the allocation and potentially by setting conditions on 
amounts, location, and timing of pumping that results from trades. For example, appropriate market rules 
can avoid harm to other users (unintended outcomes) such as subsidence or impacts on domestic wells. 
Regional hydrology, natural recharge, and subsurface flow from adjacent regions can change over time, 
so water market rules should be flexible enough to adapt to those changes. Section 2 of the main report 
describes the physical conditions of MAGSA and the Kings Subbasin in greater detail. 
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The legal institutions under which a water market operates includes California’s system of water rights, 
requirements and authorities related to water trading under SGMA and other parts of the Water Code, and 
many other related issues, including California contract law and environmental law. For example, 
requirements for disclosure of information provided to a public agency may influence whether the market 
is run by the GSA or a private third party. These and other legal issues are discussed in Section 3 of the 
main report and Appendix A. 

Groundwater in MAGSA is overwhelmingly used for irrigation of crops - orchards, vineyard, row crops, 
and forage for animal feed – that are currently valued at more than $650 million per year. MAGSA 
growers depend on groundwater and have in past been able to pump groundwater as needed subject to 
cost and physical capacities. According to MAGSA’s GSP, achieving sustainability may, in part, require 
that pumping be reduced (generally referred to as a demand management program). If pumping is reduced 
proportionately across all parcels and crops, growers have very limited ability to allocate the reduction 
among fields and crops, so the impact may be large. A groundwater market allows willing participants to 
trade water (sometimes called “pumping credits” or “tradeable units”) so that it can be used on fields, 
crops, and other uses that reduce the impact to MAGSA, the subbasin, and regional economy. Section 5 in 
this appendix presents results of an economic analysis indicating the potential gains from trade that a 
water market can provide to MAGSA growers.  

Social characteristics include a broad range of preferences and concerns about market structure and the 
effects of market operation on participants and third parties in MAGSA. These concerns often overlap 
with physical or economic considerations, such as potential drawdown and drying of domestic wells or 
loss of farm jobs in a specific area. They can also reflect a range of opinions regarding the benefits and 
harms that water trading brings and whether market rules can or should address those. A broad 
stakeholder outreach program was used to give all parties an opportunity to discuss the issues and express 
their preferences or concerns. The outreach program is discussed in detail in Section 4 of the main report 
and Appendix C. 

4.2 Allocation 

A groundwater allocation specifies quantities of groundwater available to groundwater pumpers, which 
are dominated by irrigators in MAGSA. Per SGMA and its regulations, de minimis pumpers (defined as 
less than 2 AF per year) would not be limited by an allocation. Some form of allocation is essential for 
an effective groundwater market so that potential traders know what they have to sell or need to buy. 
Without an allocation, pumpers face no effective scarcity of groundwater so they would have no motive 
to create or participate in a market. 

An allocation is really the implementation stage of defining and establishing the amount of water that 
market participants can trade. At a more basic level, however, an allocation and market rely on rights that 
are well enough defined that potential traders know what they can legally trade (buy or sell) and not be at 
risk for the time and expense of legal challenge. Therefore, an allocation must by its nature be built on top 
of the underlying water rights of the participants. The allocation must recognize priorities among different 
categories of water rights and, for each category of right, the rules under which water is divided up in 
conditions of shortage. The discussion below focuses on issues of allocation among overlying 
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groundwater rights holders, as is common in MAGSA.2 See Section 3 of the main report and Appendix A 
for a general discussion of groundwater rights and how those influence allocations and market strategies. 

This section provides a general overview of allocation approaches, technical considerations, and a 
summary of economic implications of alternative approaches in MAGSA. It is not an allocation plan for 
MAGSA and it does not address all necessary considerations for defining and implementing an allocation. 
As noted earlier, developing a specific allocation is taking place through the GSP implementation process 
using analysis of the legal, hydrogeologic, economic, and engineering implications, and vigorous and 
informed discussion with stakeholders.  

Allocation involves setting an overall amount for the subbasin (or, MAGSA specifically) and the 
apportionment of that overall amount among pumpers. It is important to note that implementing an 
allocation does not necessarily result in reducing groundwater use or motivating trading. For example, if 
the allocation is greater than historical use and it is apportioned in a way that all pumpers receive more 
than their historical use, then the allocation would not constrain groundwater users and no trading would 
occur. In the context of GSP implementation, the first step – the overall allocation – is typically tied to the 
sustainable yield (defined in the GSP) of the subbasin. The second step – apportioning the allocation 
among users – can be based on different factors related to, for example, land use, recent water use, 
location, and other policy goals. Apportionment of the overall allocation can be made to individual wells, 
parcels, farming operations, or other defined entities. When the sustainable yield, including yield of other 
projects and management actions (PMAs) identified in the GSP, is less than current pumping, the effect of 
an allocation is an overall reduction in net groundwater use. That in turn creates a strong incentive for 
some users to buy water and others to sell if the price is right.  

Allocation based on sustainable yield often considers the various components of the subbasin (and 
MAGSA) water balance that contribute to sustainable yield. This is useful because the components vary 
geographically across the subbasin, under future conditions, and PMAs may affect those components over 
time. Defining the different types of groundwater and components of sustainable yield typically involves 
substantial data, modeling, and stakeholder input.  

Transitional pumping, also referred to as planned depletion of groundwater storage can be part of the 
allocation for a period of time. For example, the Madera County GSA has adopted an allocation with 
transitional pumping and is also considering groundwater trading options. SGMA provides for GSAs to 
transition to sustainable yield over a period of 20 years. In areas where current groundwater extraction is 
greater than the sustainable yield, an allocation will need to be less than current groundwater use. PMAs 
typically require time to implement, during which time growers subject to an allocation must reduce 
pumping by, for example, switching crops or idling land. A gradual time path for adjustment helps lessen 
the economic costs of this type of adjustment. Transitional water is effectively an overdraft that, 
consistent with SGMA and the GSP, decreases to zero over time as extraction is brought into balance 
with recharge.  

 

 

2 Tribal and pueblo rights would take priority over overlying rights, but do not appear to exist within MAGSA. 
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4.2.1 Time Dimension of Allocations 

Allocation quantities are typically defined on an annual basis using long-run average components of the 
current and projected water balances. However, an allocation need not be the same every year. It can 
include transitional water that declines over time. It can be reduced or increased annually according to 
conditions, so long as on average it follows the path to sustainability laid out in the GSP. For example, in 
the High Plains, it is common to have multi-year allocations to provide flexibility to pump more in dry 
years and less in wet years. The allocation amount is typically reviewed toward the end of each allocation 
period (typically three or five years) to evaluate the need for adjustments to the allocation. In a few 
locations, the use of single- and multi-year allocations are present, as is the case in Local Enhanced 
Management Areas of Kansas. This provides for some inter-annual flexibility while capping annual use at 
some maximum. For example, a grower might have 65 inches over five years (the multi-year allocation), 
but can pump a maximum of 18 inches per year (the single-year allocation). 

Another option to implement and manage a groundwater allocation is to allow growers to carryover some 
or all of their assigned allocation. The ability to carryover unused allocation may vary by different 
components. For example, unused natural recharge allocation may be carried over and used in subsequent 
years, but transitional pumping may not. In addition, carryover could be limited to a not-to-exceed 
amount each year, limited in the number of years an allocation carryover can be used, or even subject to 
annual “losses”. The ability to “borrow” current pumping against next year’s allocation could be 
considered. Essentially a carryover could be implemented like a bank account, where growers take 
responsibility to manage their account over time within the rules defined by MAGSA. 

Allowing carryover of a grower’s allocation, also called carryover credits, creates a more complicated 
decision problem for potential sellers in a groundwater market. They need to assess the benefit in revenue 
received from selling part of their allocation this year against the potential benefit of having that water 
available for their own operation in the future. Credits carried over may also be eligible for sale in the 
market, though that would be a policy decision during final market design in MAGSA. 

The allocation can be and probably will be adjusted over time. Transitional allocation has already been 
described above. In addition, periodic reassessment of quantities will be made as more current data is 
acquired (e.g., as GSP data gaps are filled), changes in hydrologic conditions (e.g., climate change) are 
observed, and PMAs are implemented. 

4.2.2 Spatial Dimension of Allocations 

An overall allocation is typically developed initially at a subbasin or GSA-level based on the water 
balance. It is also possible to subdivide the GSA into smaller subareas or zones based on important 
variations in the components of an allocation. For example, some zones may be subject to net subsurface 
outflow, whereas other zones are not3. Or some smaller areas (or individual growers) may support and 
pay for a recharge project to boost their allocation while other areas do not participate. These kinds of 

 

 

3 Section 2 of the main report provides an overview of subbasin hydrogeology in MAGSA. 
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differences can be easier to understand and manage if the allocation is built up from components rather 
than a single annual amount. 

Another possible rationale for subregional differences can involve sustainability criteria other than 
groundwater and elevation. Groundwater dependent ecosystems, streamflow effects, and subsidence are 
examples of other conditions that are specified under SGMA that may be considered in subregional 
allocations. 

4.2.3 Apportionment of the Allocation  

After the components of groundwater are defined and the overall allocation is determined (either for the 
entire GSA or for subareas), the next step in groundwater allocation is defining how to apportion the 
allocation among the irrigators in the subbasin.  

Some important considerations include: 

• Allocation eligibility. Once the volume for different components of a groundwater allocation is 
defined, it is necessary to determine which lands and users are eligible for an allocation and how 
specific volumes are assigned. This could vary by groundwater component. For example, native 
recharge could be allocated on a per acre basis to all eligible parcels in the subbasin. Transitional 
water could be allocated in the same manner, or it could be allocated based on historical use. The 
yield from a recharge project could be assigned according to proportionate contributions to the 
cost of the project.  

• Non-irrigated parcels. A topic of much discussion during development of many GSPs is 
whether and how non-irrigated lands are included in the allocation. Non-irrigated parcels can 
include parcels that were never irrigated and parcels that were previously irrigated but are not 
currently irrigated. Never irrigated parcels may not be economically feasible to develop into 
irrigated agriculture, whereas currently unirrigated parcels may have been temporarily retired for 
various reasons. An allocation typically includes defining a point in time where a parcel is 
defined as non-irrigated (e.g., if it has not been irrigated since a specific date). Non-irrigated 
parcels may be eligible for some components of the groundwater allocation. This may include 
portions of the sustainable yield, but typically does not include any transitional water.  

4.2.4 Additional Considerations and Analysis 

Developing a groundwater allocation should include evaluation of legal, economic, engineering, 
hydrogeologic, and political considerations. Once some options for determining an allocation are 
developed, they could be analyzed relative to how they might affect groundwater market operations – 
what land or crops would be likely buyers or sellers for example, or what the annual volume of 
transactions might be. The economic and financial impacts to different categories of users could help 
inform allocation decisions and market design. This can be informed through analysis of different 
potential market outcomes. Section 5 below provides an overview of an economic framework that would 
be adapted to quantify and analyze outcomes under different allocation options in MAGSA.  

Assigning quantities of groundwater available to individual pumpers incentivizes them to think about the 
costs and benefits of reducing their water use, buying water in a local groundwater market, or developing 
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new recharge opportunities. An allocation effectively creates a scarcity of groundwater, whereby the 
value of groundwater is driven by the economic value it can produce. Economic effects of an allocation 
depend on many factors, including: the size of the allocation relative to crop water demand (how limiting 
is the allocation); the sources, costs, and distribution of current and prospective surface supplies; and the 
flexibility allowed to growers in how they manage their allocation. 

Allowing growers to move their allocated groundwater freely (subject to some review) is one step to 
increase flexibility. Rather than allocating pumping to each well or parcel, a grower can make choices 
about distributing allocation among fields and crops to maximize return and reduce the costs of demand 
management. A groundwater market can be viewed as the next step up in flexibility - it allows growers to 
buy and sell allocation among themselves, using either short-term or long-term agreements. 

4.3 Trading Structure 

Trading Structures are the ways in which buyers and sellers of groundwater connect with one another and 
execute a transaction. A trading structure can be thought of as the “marketplace” where buyers and sellers 
go to gather information and conduct trading business. Structures range from informal, such as bilateral 
negotiations, to formal, such as electronic clearinghouses. Options for MAGSA were presented at a series 
of public meetings.  

All trading structures involve identifying an interested party, negotiating terms such as price and duration, 
applying for transfer approval to the GSA, and, if approved, executing the transfer (e.g., transferring 
funds to the seller and transferring allocation to the buyer). 

The third public workshop for MAGSA water market design (January 27, 2021) provided stakeholders 
with a live demonstration of the different trading structures. This allowed participants and observers to 
see the pros and cons of different approaches in real time. Section 4 in the main report and Appendix C 
summarize the stakeholder feedback that will be integral for selecting the trading structure approach for 
the MAGSA market. Feedback at the workshop indicated a preference for electronic approaches that 
provided some level of automation and anonymity.  

4.3.1 Bilateral or individual trading 

Bilateral trading, also referred to as “coffee shop markets,” are informal and decentralized. They involve 
individual, one-to-one negotiated trades. These are both the most common types of trading structure and 
the easiest and quickest to implement. After setting the rules, the participants bear the responsibility to 
find and make deals. However, if the market rules are technical or complicated, buyer and seller may not 
realize their trade may be difficult or even ineligible according to the trading rules. While MAGSA would 
bear no costs to support a more formal trading structure, it would incur costs to review for compliance 
with the trading rules and approve the transfer applications. Participants bear little or no out-of-pocket 
costs, but they may incur substantial costs in time and effort searching for and identifying an interested 
party, negotiating terms, and preparing information to submit for review. Those efforts of search, 
negotiation, and application can be wasted if MAGSA review determines that a trade would violate a 
trading rule. 
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Individual trades between private parties generally keep price information private. This is viewed as an 
advantage to many but can also be a drawback. With no central database of prices, participants would 
face uncertainty about the competitiveness of their negotiated price. Having some idea of the “going 
price” for water reduces negotiation time. It also supports crop and water management planning activities 
for MAGSA’s landowners and agricultural businesses.  

MAGSA may find it difficult to assess the aggregate effect of bilateral trades that are not happening 
within a centralized market. For example, if a large number of buyers are in a small area prone to 
subsidence, the administrator might not see that in a timely manner – it may only notice after a number of 
proposed trades have been submitted. One possible solution could be to have specific dates on which 
trades can post (for example, on the first of each month) and any trade that asks for approval for a specific 
date must be submitted, say 15 or 30 days in advance. This would give the administrator some time to 
view all upcoming trades and assess aggregate effects before giving final approval. 

The following list summarizes some of the key features, advantages, and disadvantages of bilateral 
trading: 

• No centralized market is available to traders, so more effort is needed to find a trading partner. 
Traders may require finding more than one potential trading partner to get the right quantity and 
an acceptable price. 

• Search and negotiation time can be wasted if a negotiation falls through or GSA review 
determines that a trade would violate a trading rule. 

• Bilateral trades are the easiest and quickest to implement - after setting the rules, the GSA simply 
lets participants bear the responsibility to make deals. 

• GSA management costs are low because the trade administrator does not facilitate trades or 
manage a centralized market. Costs to the GSA/trade administrator are largely for 
review/approval (i.e., to verify consistency with GSP sustainability criteria and restrictions) and 
for data management. 

• Bilateral trades require that traders reveal their willingness to pay or sell to the other party during 
negotiations, but keeps that information and the final contracted price terms out of any centralized 
database that could be subject to a public records request. 

• The aggregate effect of many individual trades on groundwater sustainability conditions may be 
challenging to assess for the GSA when time-sensitive trades are being submitted for what traders 
hope will be a fast review and approval. 

4.3.2 Bulletin board trading 

Bulletin boards create a centralized hub for identifying trading parties. They can be physical, such as an 
actual bulletin board or written log of offers at MAGSA offices, or electronic, such as a Craigslist® style 
open posting site or a more structured, dedicated online posting site such as used in the Edwards Aquifer 
in Texas. Bulletin boards reduce search costs relative to bilateral searches and trades, although once a 
trading partner is identified, the negotiation and contracting process is similar to a bilateral trade.  
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In some cases, only sellers post on the bulletin board, as is the case in Roza Irrigation District bulletin 
board in Washington’s Yakima Basin. In other cases, sellers and buyers alike can post on the bulletin 
board, such as Western Water Market’s bulletin board. Some bulletin boards do not have a section for an 
initial price offering while others do, such as the Environmental Defense Fund’s online trading platform. 
Water trading offers have been posted on Craigslist® in several western states, and the site requires an 
offer price be listed. Physical bulletin boards are easy, quick, and cheap to implement, though they need 
to be convenient and accessible for everyone. Bulletin board users identify and contact one or more likely 
trading partners and may begin simultaneous or sequential negotiations on terms. As is the case for 
bilateral contracts, they may have to contract with several in order to get the right quantity. Participants 
also run the risk of wasted time and effort for negotiating a trade that either falls through or is denied 
under GSA market rules. Appendix A to this report provides an overview of water markets reviewed in 
other areas around the U.S. and globally.  

The following list summarizes some of the key features, advantages, and disadvantages of bulletin board 
trading: 

• Bids to buy or sell can be placed in a central location accessible in person and/or by computer. 
This reduces effort for users to find a trading partner, but usually some negotiation on price and 
terms would still occur. As in bilateral trades, traders may require finding more than one potential 
trading partner to get the right quantity and an acceptable price. 

• Search and negotiation time can be wasted if GSA review determines that a trade would violate a 
trading rule. Potentially the offers posted on the bulletin board could be “pre-screened” for basic 
consistency with trading rules, though this would increase costs to the GSA/trade administrator. 

• A bulletin board is fairly easy to implement - after setting the rules and setting up the bulletin 
board, the GSA lets participants bear the responsibility to make deals. 

• Some additional costs are needed (relative to bilateral trades) to set up and manage the bulletin 
board, which can be managed by the GSA or a third-party. 

• Traders are known to each other. They reveal some information about their willingness to pay or 
sell to the other party during negotiations. 

• Traders can keep the final contracted price out of any centralized database that could be subject to 
a public records request. Bulletin board postings may include initial offer prices. 

4.3.3 Brokered trades 

Brokered trades involve the hiring of specialized help and representation to identify an interested party 
and negotiate terms. Brokers may specialize in water trading, they may offer other brokerage services 
(such as real estate), or they may broker trades as part of a broader set of business (usually water-related) 
services. Attorneys, engineers and hydrogeologists, accountancies, and various kinds of other 
management services and consulting firms can act as brokers (subject to any legal restrictions on their 
scope of service or conflict of interest). Water trading in Australia is substantially through brokerage 
firms. For example, Waterfind® is a major trading broker in the Murray Darling Basin of Australia. 

Using a broker for a water trade typically adds a layer of anonymity. The buyer and seller need not know 
each other’s identity and a broker may be able to keep some sensitive business information from the other 
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party and out of any public records. Brokers can also aggregate offered water into larger blocks for buyers 
that are looking for larger amounts than any one seller is offering. Some brokers in the Yakima Basin are 
reported to do this, and it is likely a common practice elsewhere. 

Brokerage firms already and increasingly use electronic tools to improve their services. Some, such as 
Waterfind® in Australia, have developed their own electronic platform for buyers and sellers to use. 

The following list summarizes some of the key features, advantages, and disadvantages of brokerage 
trading: 

• Although no single, centralized market exists, bids to buy or sell can be placed with a broker, who 
may also operate a computer-accessible trade platform. This significantly reduces effort for users 
to find a trading partner and negotiate terms. In return, traders pay a fee to the broker. 

• Search and negotiation time can be wasted if MAGSA review determines that a brokered trade 
would violate a trading rule. However, brokers should accumulate knowledge about rules to “pre-
screen” potential trades for compliance with trading rules. 

• Brokerage trading would be fairly easy to implement. Various brokers already have experience 
with water trading. GSA costs would be relatively low - after setting the rules, MAGSA lets 
brokers and participants bear responsibility to make deals.  

• There is no guarantee that brokers would be knowledgeable and effective. The trade administrator 
could set up a licensing process so that brokers demonstrate knowledge of the trading rules. 

• Brokers would incur costs to find, match, and negotiate trades, keep records, etc. Traders would 
pay a fee to the broker. 

• Brokerage trading requires that traders reveal their willingness to pay or sell to the broker, and 
some of that may become apparent to the other party during negotiations. Final contracted price 
terms could be kept out of any centralized database that could be subject to a public records 
request. 

• Similar to individual trades, the aggregate effect of many individual trades on groundwater 
sustainability conditions may be difficult for MAGSA to assess. 

4.3.4 Electronic or “smart” markets 

Electronic markets, also called “smart markets,” provide a central hub where a potentially large number 
of trades can be placed and processed. Smart markets use an algorithm to simultaneously match many 
buyers with many sellers in an automated fashion. If the market is in a place or under conditions with 
additional regulatory constraints, they may be incorporated into the algorithm. Smart markets leverage the 
power of computer optimization in order to maximize the economic gains of trading activity. They are 
customizable so that the water management agency’s specific rules may be incorporated exactly. A 
computer can electronically check complex rules and numerous conditions instantaneously, a 
considerable savings on the staff time needed for review. The algorithm considers the entire pool of 
participants and determines which parties are eligible to trade with one another within the local 
regulations. Such a system eliminates human error in checking eligibility requirements, though 
programming these rules into the algorithm can take considerable time and technical expertise. Therefore, 
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selecting a smart market means weighing the initial setup cost and ongoing management costs against the 
savings in search, transaction, and processing/review costs. For this reason, smart markets are likely to be 
more beneficial where trade volume is high enough for the smart market to lower aggregate transaction 
costs and recoup the costs of its development. 

Smart markets offer several advantages. First, like bulletin boards, they provide a centralized hub for 
trading activity, eliminating the time and effort exerted in finding others interested in trade. Instead, a 
participant simply enters bid or offer information into an online form. The smart market then pools and 
electronically clears bids and offers, enabling simultaneous matching of many buyers to many sellers 
rather than matching a single buyer to a single seller, which may be impracticable and is generally 
economically inefficient. Smart markets for groundwater have been developed and implemented in a 
handful of locations: Cal Lutheran University for the Fox Canyon Groundwater Management Agency 
(GMA) in California; Mammoth Water for the South Platte Natural Resources District (NRD) and Twin 
Platte NRD in Nebraska; and Duke University and NERA Economic Consulting for the Central Platte 
NRD in Nebraska. 

Several different ways to implement a centralized market exist. The obvious example of a centralized 
market is a stock or commodity exchange market. Individual bids to buy or sell a quantity at a price are 
submitted, and the market mechanism processes that information to determine a “market-clearing” price 
and quantity. Although the stock market recalculates price instantaneously, this would not be needed or 
even desirable for a groundwater trading market. Trades could clear periodically to allow the market to 
accumulate enough volume to trade effectively. Without getting too detailed in the mechanism, all trades 
could be finalized at one of these posting dates, and all water would trade at a common, market-clearing 
price. This is a major offering of a centralized market that is not available from individual, bulletin board, 
or brokered trades – at a given point in time, the market calculates a common price for all trades. 
Alternatively, the smart market could allow variation in prices based on the specific characteristics of 
individual bids and offers. Trades and associated prices could be determined by the smart market 
according to the bid information submitted to maximize a desired outcome such as total gains from trade. 
For example, Mammoth Water splits gains of trade evenly between buyers and sellers in its smart 
markets. 

The following list summarizes some of the key features, advantages, and disadvantages of trading within 
a centralized or smart market: 

• Many of the rules and restrictions for compliance with subbasin management and other trading 
rules can be built into the software and become part of completing the transaction, rather than 
another potentially time-consuming review step. 

• The market can, if desired, calculate a common, market-clearing price for all trades occurring 
within a time window. 

• A major advantage of a centralized market is its ability to aggregate trades and assess potential 
impacts and violations of trading rules without participants having to spend significant time 
negotiating deals that may not ultimately be approved.  
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• A potential further advantage of a centralized or smart market is that, because it would use a 
computer and database to keep track of trades and calculate outcomes, it could “talk to” or be 
integrated into the larger data management processes of MAGSA. 

• Search and negotiation time is substantially eliminated because the centralized market assesses 
whether the amount and price are within the parameters of each buy or sell bid. 

• Centralized markets can be more costly to develop and more complicated to implement - the trade 
administrator would develop and operate the market based on the rules and objectives. The lower 
search and negotiation costs to traders must be weighed against higher up-front development and 
management costs. 

• A centralized market requires that each trader provide bid terms to the operator of the market. No 
other individuals have direct access to the bids. It is expected that some details of bids or other 
financial information needed to conduct the trades could be kept confidential. Prices of individual 
trades could be kept private or provided publicly in anonymized, aggregate form (presuming there 
is sufficient market activity that the summary statistics would not incidentally reveal individual 
prices), for example as an average trade price during a period of time. Having knowledge about 
the “going price” for water could help water users make decisions about participating in trades 
and about other aspects of their water use. Price information also gives the GSA and individual 
water users information about the value of additional water supplies for the area (e.g., if growers 
appear to be willing to buy and sell water for about x $/af in trade, they would presumably not be 
willing to pay for new water supply that costs substantially more than that).  

4.3.5 Multiple trading structures 

Surface water and groundwater have been and are traded through all of the aforementioned trading 
structures. The most common trading structure is bilateral negotiation, also called “coffee shop markets,” 
whereas only a handful of electronic clearinghouses currently operate for water in the United States. 
Jurisdictions allowing water trading often allow multiple trading structures. For example, in the Twin 
Platte NRD in Nebraska, individuals trade water via bilateral contract, broker, bulletin board, or electronic 
clearinghouse. Co-existing trading structures are commonplace in water trading.  

To our knowledge, the only water market that mandates a single structure be used is in the Fox Canyon 
GMA in California, where producers must trade allocations through its “Market Administrator,” Cal 
Lutheran University. Transaction costs for trading when there is only one market can be substantial, 
which can increase costs to growers and reduce market participation. A preliminary review of trading data 
for the Fox Canyon GMA market indicates this may be the case. It is recommended that MAGSA 
consider and take steps to minimize transaction costs to its growers under its groundwater market design.  

Allowing multiple trading structures to co-exist offers flexibility to the individuals to trade water in the 
way that works best for them: at least cost (e.g., bilateral contract or bulletin board), with the least hassle 
(e.g., electronic clearinghouse), with the most privacy (e.g., brokerage or electronic clearinghouse), or 
another constraint altogether. It also creates competition and pressure to lower transaction costs for 
participants.  

While trading structures are a popular topic in the water markets industry, much of the discussion in 
California is related to the implementation of SGMA. GSAs (such as MAGSA) and their member 
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agencies are leading the investigation and development of groundwater trading markets. This does not 
mean that public agencies will necessarily become the administrators or dominant trading agents in water 
markets - the private sector has to date filled this role adequately. Bilateral trades are private by their 
nature; brokerage services are offered by specialized brokers, attorneys, engineers, and hydrogeologists; 
and centralized trading platforms and smart markets are offered by economic consulting and software 
companies. 

4.4 Market Rules 

Market rules are restrictions on groundwater trade quantities, timing, or location that are derived from 
groundwater allocation decisions, subbasin hydrology, other GSP sustainability criteria, and other legal, 
social, or political concerns.  

Section 2 in the main report provides a summary of MAGSA hydrogeologic considerations defined in the 
GSP that may affect groundwater market rules. MAGSA market rules could include, but are not limited 
to: 

• Trading ratios to control for heterogeneous pumping impacts, for example, to stream depletion or 
land subsidence. Trading ratios account for the proportionate impact that pumping has on a 
particular undesirable result. If allocation is moving to a higher-impact well, the allocation would 
be proportionately reduced. Note that this increases the effective price to the buyer. 

• Allocation density rules to control for localized depletion and prevent “hot spots.” 

• Subbasin boundaries or trading zones to ensure trades only occur where there is hydrologic 
connectivity. 

• Well spacing constraints or buffer zones to control for well interference, for example, to rural 
domestic wells. 

• Trading offsets to hedge against uncertainties, where a particular percentage of the traded 
allocation is reserved. For example, a program in Colorado reserves 10% of the allocation traded. 
Note that offsets impose a transaction cost, so should be carefully considered. 

Regardless of trading structure, the market rules should be clear and specific so that a water resources 
professional could determine whether the trade would be approved or denied before the transfer 
application is submitted to MAGSA. Clear and specific criteria for approval improve the quality of 
transfer applications. They also expedite the review process, with defensible reasons for the application 
decision. This will help MAGSA with consistent decision-making and reduce legal liability or appeals. 

Any market rule may “thin” the market, making fewer parties eligible to trade with one another. It is 
important to not over-constrain the rules, and only make them as complex as necessary to reflect the 
hydrology and needs of the subbasin. 

Market rules should be based on the best available science and data. However, because data gaps exist 
within MAGSA, the market rules will likely need to iterate as data gaps are filled and groundwater 
models improved over time. Market rules and allocation design will be the key determinants of success of 
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any implemented groundwater market program, so should be designed carefully and thoughtfully, 
especially with regard to MAGSA GSP sustainability criteria. 

4.5 Monitoring and Enforcement  

The three primary methods of measuring groundwater use were presented to MAGSA stakeholders at a 
series of public workshops. These include using crop coefficients and irrigated area, satellite remote 
sensing methods, and well metering.  

Crop coefficients estimate water use based on crop-water budgets. The irrigated acreage is multiplied by 
the crop coefficient to estimate consumptive water use. While crop coefficients are the cheapest and 
easiest to implement, they can have high error rates as it does not capture the heterogeneity in soil types, 
irrigation technologies, seed density, and other characteristics present in MAGSA. 

Remote sensing methods estimate water use through energy balances applied to satellite imagery. The 
three methods are: thermal-infrared, soil moisture-based, and reflectance-based crop coefficient models. 
The primary benefit of remote sensing is cost-effective water monitoring; however, remote sensing 
methods can experience high error rates at the field-scale, particularly in wetter years when the effect of 
rainfall uncertainty complicates the estimation. Remote sensing methods, similar to crop coefficients, can 
also be a challenge on fields with multiple sources of water, such as surface water and groundwater. 
Additional measurement of surface deliveries would be needed to isolate the proportion of crop water use 
attributed to groundwater.   

Metering uses flow meter devices to measure the water extracted at the diversion point, such as a 
groundwater well. It has the highest costs for monitoring and enforcement, as it requires hardware (flow 
meters). Meter readings can be self-reported, which run the risk of accidental or intentional misreporting. 
They can also be recorded by staff, which requires a large amount of time to read meters across thousands 
of acres of farmland. Alternatively, meters can be combined with telemetry to send data through radio, 
cellphone, or satellite networks, each with its own costs. Metering has the highest accuracy of all 
measurement methods but comes with significant monitoring costs. 

It is important to note that MAGSA is in the process of implementing meters. At this time, it appears 
this would be the preferred method for monitoring and enforcement. This was confirmed through 
interview feedback and discussion at public presentations. See Section 4 in the main report and Appendix 
C for additional summary of stakeholder feedback. 

4.6 Market Administration 

The role of a market administrator, particularly in the case of a broker/agent, or smart market, is to 
incorporate rules and regulations, as well as relevant updates, into how parties are matched; to match 
parties based on eligibility to trade and on price point; and to finalize the transaction through contracting, 
recording, and exchanging monies. A market administrator is not required for bilateral contracts. One that 
runs a bulletin board must maintain the bulletin board and make sure the listings are up-to-date. 

Market administrators can be any number of entities, public or private. Many bulletin boards, physical 
and electronic, are maintained by the water agency (which, in this case would be MAGSA), as is the case 
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for the Edwards Aquifer Authority. Many administrators are private, for-profit organizations, as are 
Mammoth Water, Waterfind, and Western Water Market.  

A handful of nonprofits have built or run water markets: the Environmental Defense Fund, a nonprofit 
organization, built an open-source bulletin board for Rosedale Rio Bravo and the Colorado Water Trust 
ran reverse auctions for instream flows in Colorado. The Freshwater Trust is building a water accounting 
framework. Cal Lutheran University, a private university, is serving as market administrator to the Fox 
Canyon GMA. Duke University served as market administrator for a groundwater market in Nebraska. It 
can be difficult in these arrangements to preserve confidentiality of market participant’s data and 
convince participants (e.g., private farming businesses) to participate in trading.  

The selection of a market administrator typically considers how certain private data, such as price 
information, are handled, whether there is a real or perceived conflict of interest or bias in the market 
structure, the cost structure, and other basic qualifying criteria (e.g., experience, domain expertise). 
Feedback from MAGSA stakeholders indicated that confidentiality is critically important for 
MAGSA groundwater market design.  

4.7 Market Reporting 

Market reporting includes tracking the characteristics of trading activity. Tracking the quantity of water 
traded, parties and wells involved in the trade, and the duration of the trade would be required for a 
MAGSA groundwater market. These characteristics must be known to incorporate into the water 
accounting of MAGSA so that the appropriate wells (or fields, parcels, and areas, as appropriate) are 
correctly credited and debited allocation for the specified period of time.  

Requiring price disclosure is an optional MAGSA policy using any market structure. Most water trading 
programs do not ask for much less require price data, as the agency or water district typically does not 
view it as essential for their role. Some jurisdictions do require price data, such as the Australian Murray 
Darling. However, it is not easily verified or enforced. A recent report showed that a substantial share of 
trades reported a price of $0 in the Murray Darling, which suggests that many individuals choose not to 
report their prices.  

The discoverability of price information is also a consideration (and related to the selection of market 
administrator, described above). If price information is stored in a database managed by a public agency, 
it may be subject to a public records request, whereas data stored with a private third-party would not be. 
In addition, the entity managing the data should be trusted to protect the data and not sell or otherwise use 
it for different purposes.  

Pricing information is viewed as sensitive and confidential by many. It is a core part of the farming 
business. There are advantages and disadvantages to keeping price information private. An illustrative 
example comes from the environmental sector, where nonprofit organizations lease water from growers 
for instream flow. They prefer to keep prices confidential as their otherwise becomes “stickiness” to 
continue to pay everyone the same price, even if the water itself or the purpose of use has different 
characteristics. Changes in demands, crop markets, or drought conditions would cause fluctuations in the 
price of water. There also are clear drawbacks. With no central database of prices, participants would face 
uncertainty about the competitiveness of their negotiated price. Having some idea of the “going price” for 
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water reduces negotiation time. It also supports long run financial planning for farming businesses. Price 
information also gives MAGSA and individual water users information about the value of additional 
water supplies for the area. For example, if growers appear to be willing to trade water for a particular 
amount, in dollars per acre-foot, they presumably would not be willing to pay for new water supply that 
costs substantially more than that. 

5. Economic Analysis of a MAGSA Groundwater Market 
The MAGSA GSP specifies a general demand management program that would involve reducing 
allowable groundwater pumping gradually over the 20-year GSP implementation period. A water market 
lowers the cost of a demand management program by providing growers with additional flexibility to 
adjust to limitations on the amount of groundwater that can be pumped by trading with other growers in 
MAGSA. Trading does not mean that a seller sells all its water, or even that large volumes necessarily get 
traded. Nor does trading imply a permanent change in the use of groundwater within MAGSA. Market 
participation (trading) is voluntary. If a grower decides to buy water in the market it is because the value 
of the water purchased by the grower is greater than the purchase price. Conversely, if a grower decides to 
sell water in a market it is because the price received is greater than its value to the grower. In this way, 
trading is flexible, voluntary, and allows some water to move to areas or uses or times that provide greater 
value.  

The benefits that trading provides to both parties are generally referred to as the gains from trade. In the 
context of a groundwater market, the seller receives a price greater than the value of the groundwater. The 
buyer pays a price below the value of the groundwater in its use. The sum of these is the gains from trade.  

An economic analysis was developed to quantify the potential grains from trade in MAGSA groundwater 
market. The analysis applies an economic model of MAGSA irrigated agriculture and water use that is 
calibrated to the GSP water budget. It is used to evaluate the transition path under planned demand 
management specified in the GSP without a water market. It is also used to simulate the outcomes of 
planned demand management with a groundwater market. Outputs from the analysis include market 
prices, returns, irrigated acreage, and the mix of crops planted. 

The economic analysis illustrates outcomes under a general MAGSA groundwater trading market. That 
is, there are no rules that limit trading between different areas in MAGSA and all of the groundwater 
sustainable yield is assumed to be transferrable. It can be extended in the future and applied to simulate 
market outcomes under different operational rules (e.g., with or without trading zones), under different 
allocations, and under different trading structures.  

5.1 The Value of MAGSA Agriculture 

The local economy in MAGSA—and the greater Fresno County area and San Joaquin Valley—depends 
heavily on irrigated agriculture. Transportation, processing, farm labor, retail, warehousing jobs and 
income all depend on the viability of the agricultural sector. GSP implementation in MAGSA and other 
San Joaquin Valley GSAs will affect the cost and availability of water, which will affect irrigated 
agriculture and the businesses and communities it supports.  



Appendix B: MAGSA Groundwater Market Design and Economic Analysis 

 
ERA Economics LLC  22 
 

Irrigated acreage in MAGSA is predominately planted to permanent crops, including a mix of grapes, 
pistachios, and almonds. Feed and forage crops support local dairies, and a mix of annual vegetables and 
field crops round out the acreage. The recent trends in planted acreage in MAGSA are similar to other 
parts of the state. Strong domestic and export demand for nuts drove valuable orchard plantings that, in 
many areas, continue today. Prices for nuts peaked in 2014 and 2015 and have since softened in response 
to a stronger U.S. dollar, export tariffs, and weaker economic growth in key Asian export markets. 
Planting have slowed slightly over the last couple of years. Similarly, a strong dairy market and severe 
drought in 2014 and 2015 affected feed and forage production. After several years of low prices, the dairy 
industry has seen above-average conditions as the economy rebounds from the 2020 pandemic-induced 
slump. 

Figure B-2 illustrates the crop distribution in the MAGSA area as of 2016 using Department of Water 
Resources cropland mapping data4. Crops are generally spread evenly across the GSA, with 
concentrations of pistachios and annual vegetable rotations on the western portion and vineyards planted 
predominately in the southeast.     

  

 

 

4 Geospatial data are similar to those used in the MAGSA GSP, which relied on D2014 DWR data with additional adjustments made based on 
local conditions.  
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Figure B-2. MAGSA Irrigated Acreage, 2016 

 

 

Table B-1 summarizes crop acreage and gross value of production in MAGSA. Acreage data is current as 
of 2016 and gross crop value reflects current prices. Annual gross crop5 value (gross farm 
revenue/income) is around $650 million per year. This accounts for around 12 percent of the total value of 
Fresno County crop production in most years. Almonds, pistachios, and grapes (all types) account for 
around 29, 10, and 46 percent of the total value of production in MAGSA (over three-quarters of annual 
value in total).   

  

 

 

5 The values do not include dairy or other value-added activities, just the gross value of the crops produced.  
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Table B-1. MAGSA Crop Acreage and Gross Value of Production 
Crop Group Acres Total Value ($ Millions) 

Alfalfa 9,900 $21.50 
Almonds 31,300 $184.87 
Corn and Silage 8,500 $13.96 
Cotton 800 $1.25 
Grapes - Raisin 14,700 $126.09 
Grapes - Table 3,600 $82.35 
Grapes - Wine 13,500 $86.76 
Other Deciduous 3,600 $36.70 
Pistachio 8,500 $66.35 
Tomatoes 2,400 $10.40 
Other Truck Crops 800 $8.68 
Walnuts 500 $3.85 
Wheat and Grain 900 $0.91 
Total 99,000 $643.7 

 

The share of acreage planted to permanent crops in MAGSA (almonds, pistachios, grapes) has been 
steadily increasing. As described above, this has been driven by favorable market conditions and is 
consistent with trends in other San Joaquin Valley subbasins. Relative to annual crops, these permanent 
plantings require a substantial capital investment to establish and require consistent irrigation in all years. 
It is costly to idle young orchards.    

Irrigated agriculture in MAGSA provides important economic value for the local economy. Changes in 
economic activity in water-dependent industries in MAGSA and neighboring subbasins will have ripple 
effects in MAGSA and the regional economy. These effects are sometimes referred to as secondary, 
multiplier, or indirect and induced economic changes. For example, temporarily idling some land to 
transfer water means that fewer inputs are purchased, less equipment is used, and fewer workers are 
employed to prep, plant, irrigate, and manage those fields. In turn, workers and employees of these related 
businesses have lower wages and invest less in their businesses. Purchases of other goods and services, 
such as entertainment and groceries, also fall. Reduced crop production also affects related activities such 
as produce packing and processing. However, balanced against these negative impacts are positive 
changes from lands that are kept in production by purchasing water in a market. This creates positive 
ripple effects in the local economy. The net effect depends on market design and outcomes. 

Quantifying secondary economic impacts (or regional economic impacts) of a potential MAGSA 
groundwater market is beyond the scope of this initial investigation. The focus of this economic analysis 
is to illustrate the direct economic effects of allowing trading of groundwater in MAGSA. A secondary 
impact analysis would be recommended as part of final market design considerations. To support 
preliminary planning, this section provides a summary of regional economic activities that depend on 
irrigated agriculture in MAGSA.  
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An economic contribution analysis was developed to quantify the jobs, income, and value that is linked to 
MAGSA agriculture (current conditions). The analysis was developed using IMPLAN economic model 
data for Fresno County that was then adjusted to represent the share of agriculture specifically in 
MAGSA. MAGSA crop production directly (not including secondary effects) supports around 9,700 full-
time equivalent (FTE) jobs. It contributes over $1.1 billion per year in total economic value added and 
over $1.4 billion in gross sales (output) value. Table B-2 summarizes the top ten industry sectors by gross 
output value and the associated jobs (employment) and value added. The total includes all industries 
(including those in the top 10).  

Table B-2. Economic Contribution of MAGSA Agriculture 

Top 10 Industry Employment Value Added 
($ Billions) 

Output 
($ Billions) 

Crop Production  2,630   $606   $646  
Support activities for agriculture and forestry  2,700   $120   $159  
Livestock  160   $63   $102  
Real estate  90   $29   $44  
Healthcare  220   $19   $32  
Banking and Insurance  100   $10   $21  
Wholesale trade  80   $13   $19  
Restaurants  150   $6   $11  
Logistics  50   $4   $8  
Local Government  20   $1   $5  
Total (All Industries)  9,700   $1,166   $1,434  

 

5.2 Economic Model of MAGSA Water Market 

The MAGSA GSP implementation plan will affect the cost and availability of irrigation water supply in 
MAGSA. This will affect the mix of crops produced and the economic activity in the region. A 
groundwater market is one way to reduce the cost of achieving the demand management that is currently 
planned under the GSP. An economic analysis was developed to simulate how trading would affect the 
direct economic value of MAGSA crop production. Secondary (regional) economic impacts would be 
considered as part of future studies and market design.   

The outcome of a water market in MAGSA fundamentally depends on supply and demand for irrigation 
water in MAGSA. Examples of factors that affect supply include annual water year conditions, carry-over 
storage, any surface water supplies, GSA costs, water supply costs, and other GSP implementation (e.g., 
PMAs and GSA policies). Examples of factors that affect demand include export and domestic market 
conditions for California crops that affect returns to farming (i.e., crop prices and the cost of inputs) and, 
ultimately, the willingness to pay for water.  

An economic model of MAGSA agriculture was applied to evaluate the supply and demand for water in 
MAGSA, and the outcome of a groundwater trading market. The technical specification of the economic 
model is an agricultural production and economic optimization model. It reflects the local water supply, 
crop demand, returns to farming (e.g., capital outlays, prices, yields, operating costs, etc.), and current 
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crop market conditions. It is calibrated to the GSP water budget and geospatial land use data. The diverse 
mix of crops grown in the subbasin were grouped into thirteen (13) crop categories (groups) for the 
purposes of the economic analysis, including alfalfa, almonds, corn (silage rotation), cotton, raisin, table 
grapes, wine grapes, other miscellaneous orchards, pistachios, processing tomatoes, other vegetables, 
walnuts, and other miscellaneous grain and feed crops.  

The economic model was used to estimate the direct effect of a groundwater market in MAGSA. Direct 
outcomes are from the actions of market participants buying and selling water in a MAGSA water market. 
The simulation was developed over the GSP implementation period (2021 – 2040), which reflects the 
planned ramp-down to meet the sustainable yield of the subbasin over time.  

The MAGSA GSP specifies an approximate net overdraft amount of 90,000 acre-feet (AF) per year. The 
analysis assumes that the overdraft would be gradually reduced to zero by 2040 over a linear ramp-down 
schedule. This initial analysis assumes that all sources of groundwater are tradeable in the market. As 
described earlier under Section 4.2, Allocations, the MAGSA Board may decide to exclude some sources 
of groundwater from trading in the market.  

As groundwater scarcity increases under GSP implementation, growers would adjust input use and the 
mix of crops grown. In turn, this affects the value of water and annual trading activity. The economic 
analysis illustrates these trends over the GSP implementation period.   

The outcome of a market in MAGSA is measured relative to a no-market situation under the GSP 
implementation schedule. All other factors are held constant in order to isolate the effect of the market on 
outcomes for MAGSA landowners. As described earlier, this analysis evaluates the direct economic 
outcomes of a market. Secondary effects on ancillary industries would require additional data, analysis, 
and specification of market rules that would be part of future market implementation, if and when such a 
decision is made by the MAGSA Board. The direct economic outputs6 from the analysis include the 
change in: 

• Gross crop revenue (gross farm income/revenue/receipts) 

• Irrigated acreage  

• Crop mix (change in crops planted over time) 

The primary purpose of the analysis is to quantify the gains from trade. Gains from trade are defined to 
include benefits to both the buyer and seller. The output of the analysis compares the change in gross 
revenues to illustrate the potential magnitude of gains. 

5.3 MAGSA Water Market Simulation Results 

Table B-3 summarizes the outcome of a groundwater trading market in MAGSA at full implementation 
(e.g., 2040). Under full GSP implementation without a market, gross revenues average $447 million per 

 

 

6 Outputs not reported include changes in input use, deficit irrigation, resulting changes in crop yield, market price of groundwater, among others.  
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year. A trading market increases annual gross value to $554 million per year. Therefore, the absolute 
increase in gross value is $107 million per year, or about 24 percent relative to the no-market scenario. At 
a 4 percent real discount rate, the present value of the stream of annual gross benefits of a market is $2.7 
billion. On a net basis, the benefit of a market is about $27 million per year, or about 12 percent above the 
no-market situation. The present value of the net revenue is about $400 million. The impact on total 
irrigated acreage is more modest, at about 4 percent, or 2,500 acres. However, underlying the aggregate 
change in the irrigated footprint are shifts in the mix of crops produced, typically towards higher value 
activities that provide a greater return to landowners/growers. The following sections describe the 
individual measures of market outcomes. 

Table B-3. MAGSA Water Market Economic Impact Summary (Full GSP Implementation) 

Impact Measure Units Without Market With Market Absolute Change Percent 
Change 

Gross Revenue $M $447 $554 $107 24% 
Net Revenue $M  $223   $250   $27  12% 
Irrigated Acres  Acres 68,875 71,388 2,513 4% 

 
Figure B-3 illustrates the total irrigated footprint and crop mix with and without a groundwater trading 
market. For display purposes, crops are aggregated by vineyards, orchards, miscellaneous vegetables, and 
feed/fodder crops. Total irrigated acreage increases modestly. The mix of crops produced shifts towards 
crops that provide a greater return per unit water, namely vineyards and orchards. 

Figure B-3. Change in Crop Mix under MAGSA Water Market 
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The benefits of a water market change over the GSP implementation period. The annual change in gross 
revenue is initially modest. As GSP implementation ramps up, the benefits of a market increase. Under 
full GSP implementation (90,000 AFY of demand management), the annual additional gross revenue 
growers are able to realize with a market is about $107 million. This is an increase of approximately 24 
percent relative to the situation with no market. Figure B-4 illustrates the change in gross revenue with 
and without a market over the GSP implementation period (planned demand management up to 90,000 
AFY).  

Figure B-4. Gross Value of Agriculture under MAGSA Water Market 

  

Figure B-5 below illustrates the effect of a market at full GSP implementation (as shown at 90,000 AF 
under Figure B-3). The additional gross value at full implementation ($107 million per year) would occur 
in perpetuity. The present discounted value of the additional gross revenues over the entire GSP 
implementation period and future is about $2.7 billion.  
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Figure B-5. Gross Value of MAGSA Water Market under Full GSP Implementation 

 

5.4 Discussion 

The economic analysis was developed to illustrate and quantify the effect of a groundwater trading 
market in MAGSA from the perspective of individual landowners/growers. The gross benefit of a market 
is around 25 percent of gross revenues, or about 12 percent of net revenues. That is, a groundwater market 
is increases net returns by about 12 percent and gross returns by about 25 percent. This illustrates the 
gains from trading, which is similar to the benefits of water trading found in prior economic analyses7. 
The analysis does not include additional regional economic effects (benefits and costs) to ancillary 
industries that depend on irrigated agriculture in MAGSA. 

The economic analysis was developed for a general groundwater trading market in MAGSA. It did not 
consider any limitations on trading (e.g., trading zones) or inability to trade certain components of the 
groundwater allocation. In general, these types of changes would be expected to increase transaction 
costs, which would affect the cost of participating in the market and would affect the distribution of the 
market benefits. It also does not include any administrative or other transaction costs. 

It is important to emphasize that a groundwater trading market in MAGSA does not increase the value of 
irrigated agriculture relative to pre-SGMA conditions. The net effect of the GSP demand management 
program and associated GSP administrative costs is an increase in costs and decrease in water availability 
that will affect the economic footprint of MAGSA agriculture. This will have effects on the subbasin, 
local economy, and the broader regional economy. Impacts would increase non-linearly over the 

 

 

7 See, for example, Howitt et. al. Calibrating disaggregate economic models of agricultural production and water management, Environmental 
Modelling & Software, Volume 38, 2012, which found gross benefits of trading in California at about 30 percent.   
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implementation period. A groundwater trading market reduces some of these cost pressures, increasing 
gross and net returns by 24 and 12 percent, respectively. 

The economic model applied to quantify the value of groundwater trading in MAGSA considered a 
general market where all groundwater would be tradeable. A natural extension of this analysis is to 
evaluate, and compare, potential market outcomes for MAGSA to help guide groundwater market 
development. This would support MAGSA Board planning and potential future adoption of a water 
market in the region. These additional analyses may include: 

• Simulate the MAGSA groundwater trading market under alternative trading rules. For example, 
implementation of trading zones could be evaluated to establish market outcomes.  

• Simulate the effect of the market on expected crop prices. This would establish what growers in 
MAGSA might expect to pay for water under different water market structures, rules, and 
administration.  

• Changes in the cost and availability of groundwater, and the ability to trade it, may create 
additional secondary economic impacts (benefits and costs) in MAGSA and the local economy. 
The IMPLAN analysis could be extended and linked to the economic model and used to quantify 
these potential changes. 

6. Summary and Discussion 
The economic analysis of a groundwater market in MAGSA found potential net and gross gains from 
trade between 12 and 24 percent. This is consistent with other studies quantifying the benefits of water 
markets. The potential gross value of the market in MAGSA exceeds $100 million annually at full GSP 
implementation. This provides an initial indication for outcomes of a market in MAGSA. The economic 
analysis could be refined to support evaluation of alternative market design components, rules, trading 
zones, and other market structures as MAGSA moves forward with market development and GSP 
implementation in the future.  

The outcome of a groundwater market for MAGSA growers depends on the selection of different market 
design components described under Section 4. It is important to emphasize that market design 
components for MAGSA are not completely independent of one another. For example, the choice of 
trading structure may support or constrain some options for data management. Some confidentiality 
preferences may conflict with reporting requirements and information exchange. Preliminary stakeholder 
feedback and analysis developed under this project provides and initial indication of what may work best 
in MAGSA.  

Table B-4 provides a summary of the major trading structures discussed under Section 5 and how the 
structure may influence or relate to other market components. The table is illustrative but is not intended 
to capture all such interactions among components. It can serve as a guide to further development of a 
groundwater market that best meets the needs of MAGSA, supports and complies with GSP sustainability 
criteria, and provides flexibility to its water users.  
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Table B-4. Summary of Market Components by Market Structure 
 Bilateral Trades Bulletin Board 

Trades Brokered Trades Centralized or Smart 
Market 

Description 

Individuals find 
and negotiate 
trades; report to 
trade admin. 

Individuals post 
offers, then 
negotiate privately; 
report to trade 
admin. 

Buyers and sellers 
provide quantity and 
price info to private 
brokers, who identify 
potential deals, help 
negotiate terms, report 
to trade admin. 

Trade administrator runs 
the market, which 
aggregates trades and 
clears market 
periodically (monthly?) 

Trade prices and 
terms 

Vary by trade. 
Can remain 
private (unless 
reporting 
required?). 

Vary by trade. 
Brokers can provide 
some advice on 
price and other 
terms. Can remain 
private (unless 
reporting 
required?). 

Vary by trade. Can 
remain private (unless 
reporting required?). 

Market clearing price 
could be published. 
Could vary by zones, 
timing, or other trade 
features. Unclear if the 
prices could be kept 
private.  

Data 
mgmt./approval 
rules for trades 

Private parties 
report to trade 
admin., wait for 
approval. 

Private parties 
report to trade 
admin., wait for 
approval. 

Brokers or traders 
report to trade admin., 
wait for approval. 
Broker can advise on 
potential approval. 

Market has proposed 
trade info in its data at 
start.  

Review for 
trading rules 
(basin 
sustainability 
criteria, other 
criteria) 

GSA approval 
review after trade 
is submitted. May 
be delayed if GSA 
needs to consider 
aggregate effect of 
many trades. 

GSA approval 
review after trade is 
submitted. May be 
delayed if GSA 
needs to consider 
aggregate effect of 
many trades. 

GSA approval review 
after trade is submitted. 
May be delayed if 
GSA needs to consider 
aggregate effect of 
many trades. 

Periodic (monthly?) 
market clearing can be 
used to assess both 
indiv. and aggregate 
effects. Smart market 
can build some or most 
approval criteria into its 
mechanism. 

Administrative 
requirements 

Low cost – review 
and approve 
trades. 
 

Low cost – review 
and approve trades. 
 

Low cost – review and 
approve trades. 
 

Higher cost to develop 
and manage market. 
Potential savings in 
subsequent data mgmt, 
allocation tracking 

Allocation 
tracking 

Trade admin 
reports to GSA for 
allocation tracking 

Trade admin reports 
to GSA for 
allocation tracking 

Trade admin reports to 
GSA for allocation 
tracking 

Trading data already in 
market database, can be 
linked directly to 
allocation tracking 

Burden on 
traders 

Time and cost to 
find, negotiate 
deals. May need to 
deal with more 
than one other 
party. Trade may 
be disapproved 
after submission. 
No knowledge of 
other trading 
prices 

Bulletin board 
reduces search cost. 
Still a cost to 
negotiate deals. 
Trade may be 
disapproved after 
submission. May 
need to deal with 
more than one other 
party. 

Brokers reduce search 
cost and can also 
reduce negotiation cost 
and “pre-screen” for 
approval. Fee paid to 
broker. Trade may be 
disapproved after 
submission. May need 
to deal with more than 
one other party. 

Submit bid info to 
market, including floor 
and ceiling prices. No 
further search or 
negotiation cost. 
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 Bilateral Trades Bulletin Board 
Trades Brokered Trades Centralized or Smart 

Market 

Confidentiality 

Prices and 
financial terms 
can be private. 
Quantities must be 
reported so GSA 
can manage 
sustainability. 

Prices and financial 
terms can be 
private. Quantities 
must be reported so 
GSA can manage 
sustainability. 

Prices and financial 
terms known to broker 
but otherwise private. 
Quantities must be 
reported so GSA can 
manage sustainability. 

Total quantities are 
known publicly. 
Average or market-
clearing prices may be 
published. Individual 
quantities reported to 
GSA. Other bid details 
uncertain - may or may 
not be protected from 
legal disclosure 

 

The next steps to support MAGSA groundwater market development were identified throughout this 
appendix. These include analyzing the economic, legal, political, and technical implications of different 
market design options. It also includes additional outreach to support market design. Potential extensions 
of the market design and economic analysis include: 

• Evaluating potential groundwater allocations, planned ramp-down periods, and what components 
of an allocation may be tradeable. This would involve stakeholder outreach, and would inform 
market design components that depend on the allocation.  

• Quantify hydrogeologic and other policy factors that may limit groundwater trading in specific 
regions of MAGSA. An economic analysis would be developed to quantify the effect of different 
market rule on the market outcomes. 

• Leverage the results of the economic analysis to assess the willingness to pay for irrigation water. 
This would support water supply planning for the GSP implementation. For example, this would 
establish the feasibility of developing large-scale surface water or localized recharge projects in 
MAGSA. The analysis could be extended to evaluate how these new developed sources of supply 
are treated in the MAGSA groundwater market.  

• Prepare a pilot market simulation based on defined MAGSA market structure, rules, and 
implementation approach. This would include a dry-run for growers to test the pilot market, the 
GSA to observe market outcomes, and adjust the market structure accordingly. Technical analysis 
could be developed to support revisions to the market.  
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7. Inventory of Water Markets Reviewed  

Market Reviewed Location Source Water trading 
unit 

Trading 
structures 

Special 
trading 

program 
features 

Central Platte Natural 
Resources District 

Nebraska, 
USA Groundwater Area (irrigated 

acres) 

Bilateral contracts, 
brokerage, 
electronic market 
(defunct) 

Trading 
ratios 

Chino Basin California, 
USA Groundwater Volume (acre-

feet) Bilateral contracts  

Edwards Aquifer 
Authority Texas, USA Groundwater Volume (acre-

feet) 

Bilateral contracts, 
brokerage, bulletin 
board 

 

Fox Canyon 
Groundwater 
Management Agency 

California, 
USA Groundwater Volume (acre-

feet) Electronic market 

Limited 
trades and 
substantial 
transaction 
costs 

Murray-Darling Australia Surface water Volume (acre-
feet) 

Bilateral contracts, 
brokerage, bulletin 
board 

 

Twin Platte Natural 
Resources District 

Nebraska, 
USA Groundwater Area (irrigated 

acres) 

Bilateral contracts, 
brokerage, 
electronic market 

Trading 
ratios, 
buffers, 
subbasins 

Upper Republican 
Natural Resources 
District 

Nebraska, 
USA Groundwater Volume (acre-

feet) 
Bilateral contracts, 
brokerage 

Trading 
ratios; can 
only trade 
within 
floating 
township 

Yakima Basin: 
Privately held water 
rights 

Washington, 
USA Surface water Volume (acre-

feet) 

Bilateral contracts, 
brokerage, bulletin 
board 

Case-by-
case 
evaluation 

Yakima Basin: BOR 
water allotments 

Washington, 
USA Surface water Area (irrigated 

acres) 

Bilateral contracts, 
bulletin board, 
electronic market 
(in Roza Irrigation 
District) 

 

Australia Namoi Basin Australia Surface water Volume (acre-
feet) 

Bilateral contracts, 
brokerage, bulletin 
board 

 

California (other) 
Various (in 
planning 
stage) 

Groundwater Not defined Under development 
Not 
specified 
yet 
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McMullin Area Groundwater Sustainability Agency  

Groundwater Credit and Surface Water Marketing 

Strategy 

Communication and Outreach Plan  

May 2020 

Overview and Background 

A community-based strategy for a groundwater credit and water marketing program (Water 

Marketing Strategy) is necessarily improved and informed by community feedback and 

engagement. A structured, collaborative process provides the McMullin Area Groundwater 

Sustainability Agency (MAGSA) the greatest opportunity to identify project options that will 

represent durable and sustainable outcomes with the greatest chance of successful 

implementation. In addition, having a robust summary of inquiry and problem solving as a part of 

MAGSA’s overall administrative record will effectively serve subsequent environmental 

compliance steps and will provide a defensible record of MAGSA’s work done with stakeholders.  

This Communication and Outreach Plan (COP) describes objectives, timelines, and formats for 

several methods of outreach, including key topics to be communicated, key audiences and 

example useful tools. The plan also includes contingencies in the event that the “shelter in place” 

response to the COVID-19 pandemic continues further into the life of the project. 

 

The COP outreach strategy has four main elements: 

• Initial Inquiry 

• Focused Stakeholder Engagement   

• Technical Workshops  

• Public Communication 

A timeline (to be updated as the project progresses) is presented in Figure 2 below. 

NOTE: In order to ensure an adaptive, responsive approach to stakeholder outreach 
and engagement, it is intended that this plan be considered a living document, updated 
as the collaborative process continues.  

Purpose of Outreach 

The plan seeks to accomplish the following goals: 

• Educate stakeholders about the specifics of the Water Marketing Strategy as it is being 

developed 



 

• Create an easily-accessible structure by which stakeholders’ voices can be heard 

throughout the strategy development process 

• Collect feedback from stakeholders to inform and improve strategy development 

Key Stakeholders 

Stakeholder outreach is critical to developing a clear, transparent and mutual understanding 

of water management issues and solutions. A water market must be trusted before it will be 

used effectively. 

As mentioned above, it is important to make the Water Marketing Strategy development process 

transparent and accessible to those who want to weigh in and may be affected by it. MAGSA 

stakeholders have already been identified in the Groundwater Sustainability Plan (GSP). To date, 

the interested parties’ listserv developed from the MAGSA GSP development process exceeds 

250 names. Likely included in this group are key stakeholders, including: 

• Landowners who would utilize the markets 

• Potential water transfer partners  

• Communities who could potentially be affected by transfers (e.g., Raisin City, Alkali 

Flats, Perry Colony) 

• Other Groundwater Sustainability (GSA) stakeholders (water districts, irrigation districts, 

municipal water agencies, other public agencies, environmental interests, disadvantaged 

area communities (DACs), and severely disadvantaged area communities (SDACs) 

MAGSA will also solicit help from organizations who can access key stakeholders, including: 

• Agricultural organizations (e.g., Fresno County Farm Bureau, California Almond Board, 

Raisin Bargaining Association, American Pistachio Growers) 

• Organizations representing DACs (e.g., Community Water Center, Leadership Counsel 

for Justice & Accountability, Self-Help Enterprises) 

• Business organizations (e.g., Kerman Lions Club, Kerman Chamber of Commerce) 

• Environmental organizations (e.g., Tehipite Chapter of the Sierra Club, The Nature 

Conservancy, Sustainable Conservation) 

MAGSA’s goal is to capitalize and expand on the existing list of stakeholders to ensure that all 

interested parties are brought into this process and encouraged to engage. The following describes 

MAGSA’s steps to do that.  

Education and Engagement Topics  

Below is a high-level list of topics that will be covered over the course of the Water Marketing 

Strategy project. Additional topics may be added depending on stakeholder feedback. 

• Definition of a groundwater market and core elements of Water Marketing Strategy 
• Overview of GSP projects and how they relate to groundwater market development 
• Surface water project opportunities and how they relate to a groundwater market 

• Different alternatives for groundwater/surface water market structure approaches and 

pros and cons of each 



 

• Key market structure decision points 

• Implications for Subbasin sustainability, stakeholders 

Workplan 

The purpose of the initial inquiry is to assess and confirm potential information needs and 

stakeholder concerns for this effort. This will take place though standing GSA meetings, 

informational stakeholder interviews and a time-limited anonymous stakeholder survey sent out to 

MAGSA’s interested parties list (principally via email but also by hard copy if requested). The 

results of the survey will be used to inform the structure and content of the technical workshops 

(see below) and to inform the MAGSA Board of Directors (Board) of initial feedback and 

perspectives about the Water Marketing Strategy. The Board will be given iterative updates by a 

third-party neutral consultant (Sacramento State) on survey outcomes and the consultant will also 

prepare a final summary report to present to the Board once the survey is completed. 

The purpose of the focused stakeholder engagement is to enable MAGSA and its technical 

consultants to: 

• More fully engage with stakeholders beyond technical workshops (described below) and 

ongoing Board meetings,   

• Better understand stakeholder interests, and   

• Allow a space for focused discussion to address those interests during Water Marketing 

Strategy development.  

Initial engagement with stakeholders will be accomplished through standing GSA meetings to 

also inform and engage the Board. Concurrent and following these public Board discussions, 

smaller interviews will also be conducted by third-party neutral consultants to allow 

representative and affected stakeholders the opportunity to express confidential input about 

interests, opportunities and concerns regarding the proposed strategy. 

The confidential input will be aggregated and summarized by the neutral consultants into a report 

to the Board. A list of interview participants will be provided (as a matter of public record), 

however no comments will ever be directly attributed to a speaker or group of speakers to ensure 

that each interview participant can speak candidly. The goal of these interviews is to allow 

representative, candid interests to be heard and communicated to the Board and so the Board can 

weigh all information collected from various methods (including information that might not 

otherwise be stated in public) and make effective, informed decisions.  

MAGSA’s goal is to make outreach robust and cost-effective since such efforts can become 

resource intensive. MAGSA plans to capitalize on existing communication venues such as the 

MAGSA website and stakeholder listservs.  

Following is a list of communication methods currently utilized by MAGSA, which will support 

this engagement strategy as well.  



 

• MAGSA website: https://www.mcmullinarea.org/ 

• MAGSA listserv (250+ names) 

• MAGSA direct mail list (750+ names) 

• MAGSA Twitter account https://twitter.com/McMullinAreaGSA 

• MAGSA Board meetings and Stakeholder Committee meetings 

• Local media (e.g., The Kerman News) 

• Articles/announcements in partner publications (e.g., Farm Bureau e-news) 

In addition, and as stated above, MAGSA will engage local partner organizations to reach 

specific sub-populations. 

Feedback will be solicited throughout the process; at a minimum, through the following means:  

• The online survey during the initial inquiry period (described above) 

• A comment form linked to the website and emailed to the listserv – available to be filled 

out online and/or printed and mailed back 

• Dedicated time at technical workshops and Board meetings for public comments 

The key issues identified during the initial inquiry will inform the focus of the technical 

workshops. MAGSA will hold three workshops:  

• Workshop #1: Key concepts of groundwater marketing and relationship to the GSP 

• Workshop #2: Approaches and alternatives to developing a groundwater market and how 

surface water availability relates to market design 

• Workshop #3: Water Marketing Strategy recommendations for feedback 

The format of the workshops will be such that information is presented to solicit feedback on 

stakeholder concerns and proposed solutions for each specific key topic. The goal of these 

workshops will not be to reconcile concerns or stakeholder differences, but rather, to give all 

stakeholders an open, transparent forum to express their perspectives, even if such information 

appears conflicted. 

The information from the technical workshops will be used for subsequent engagement with 

specific potential transfer partners and stakeholders respectively. The following presents initial 

ideas for agenda topics for each technical workshop. The specific agenda items will be updated 

and focused as stakeholder feedback is collected. 

Timing: July 2020 

Purpose: Provide a high-level overview of the Water Marketing Strategy and the planning 

context, and get feedback 

Main Topics: 

• Result of Initial Inquiry 

• Overview of the Water Marketing Strategy Project 

• Definition of a Groundwater Market 

• Relationship of the Water Marketing Strategy to GSP Projects 

https://www.mcmullinarea.org/
https://twitter.com/McMullinAreaGSA


 

• Stakeholder Feedback 

Timing: October/November 2020 

Purpose: Provide an update on Water Marketing Strategy development and feedback to date, and 

get additional feedback 

Main Topics: 

• Follow-Up to Workshop #1 

• Update on Surface Water Projects  

• Alternative Approaches to Combining the Surface Water and Groundwater Marketing 

Strategies (Pros and Cons) 

• Stakeholder Feedback 

Timing: March/April 2021 

Purpose: Present Water Marketing Strategy recommendations and get feedback 

Main Topics: TBD, based on feedback from first two workshops and other outreach 

The planning for the technical workshops will begin early enough to allow adequate time to 

inform the public, develop materials and post said materials in advance. See Figure 1 for the 

planning schedule: 

COVID-19 Contingency 

If the COVID-19 pandemic continues to necessitate changes in in-person gatherings, MAGSA 

will continue to explore alternative options for engagement, including virtual meetings and 

alternatives to oral testimony. 



 

 

Figure 1: Technical Workshop Planning Schedule  
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Figure 2: Communications Timeline 
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ASSESSMENT INTERVIEW SUMMARY REPORT 
Water Market Study 

McMullin Area Groundwater Sustainability Agency 

BACKGROUND AND PURPOSE OF THE ASSESSMENT 
As one demand management action related to implementation of the Groundwater Sustainability Plan 

(GSP) adopted to meet the Sustainable Groundwater Management Act (SGMA) requirements, the 

McMullin Area Groundwater Sustainability Agency (MAGSA) is undertaking a study to develop a 

groundwater credit and water market program (here referred to as the Study). MAGSA is pursuing this 

innovative approach to enhance sustainable groundwater management through the purchase and sale of 

available water supplies and by establishing a viable water market.   

Given inherent complexities of water management involving a multitude of political, legal, economic and 

hydrologic considerations, MAGSA leadership strongly supports extensive stakeholder engagement in this 

Study. Input is being collected through various channels, including a series of confidential assessment 

interviews with a representative cross-section of affective stakeholders.  

Eight confidential interviews were conducted with individuals representing potential participants in a 

water market, including regulatory interests. The interviews were facilitated and recorded by members 

of the communication and outreach consulting team. All interviews also included a member of the 

technical team, who asked questions about the topics below, presented some “what-ifs” to elicit 

feedback, and engaged in dialogue with the interviewees.  

The intent of this report is to lay out different views and highlight some ideas that might be helpful to 

MAGSA as it prepares to make some decisions about the water marketing strategy. Input from the 

interviewees is summarized below, grouped into themes. Interview details are confidential, so the 

summary below describes trends, interests, and differences in stakeholder perspectives but no comments 

are attributed to a specific person. Also, the particular set of interviewees, although chosen to represent 

a variety of interests, present a small sample, so the number of people who subscribe or don’t subscribe 

to a particular view should not be taken as meaningful.  

HOPES AND GOALS  
A number of interviewees touched on the impact of a market on peoples’ understanding of the value of 

water. One stakeholder said they hope that the market will provide transparency and fair pricing for 

water. Another said that the market will clarify the true value of water and bring the cost in alignment – 

the interviewee said that people currently understand the cost of water only as the cost of pumping. An 

interviewee expressed hope that understanding the true cost will change peoples’ decisions, for example 

some areas with lower yields are likely to be taken out of production and some people may determine 

that the cost of projects to bring additional water into MAGSA is a worthwhile investment. Beyond how 
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the market may change peoples’ understanding of the value and cost of water, an interviewee said they 

hope that the water market will give growers the ability to plan for the future while also allowing flexibility. 

CHALLENGES AND CONCERNS 
Stakeholders shared a variety of concerns and challenges. One said they believe there may not be need 

for a market since there is a significant amount of water available near MAGSA, including in neighboring 

subbasins. Another stakeholder expressed concern about how eligibility will be defined, particularly 

whether lands zoned for agriculture but not currently in production will have rights to groundwater and 

to trading in the market. Another interviewee said that the crop mix in MAGSA is made up predominantly 

of permanent crops, leading to limited flexibility to take land out of production on a short-term basis, 

though some crops such as pistachios have a bit more flexibility.  

An interviewee expressed concern about the price of water being driven up as a result of more interested 

buyers than sellers. Another said they were concerned that including non-agricultural parties – such as 

municipal water buyers – in the market could also drive the price up. Several stakeholders shared concerns 

related to a potential for concentration of pumping by certain users or in certain areas. One stakeholder 

was concerned that the market could get cornered by certain buyers. Another noted that impacts from 

significant pumping in a single area, such as a cone of depression, are already being seen in some areas. 

A water market could lead to a further concentration of pumping in one area as other areas are fallowed, 

leading to changes in aquifer elevation within an impacted region. The stakeholder said that thresholds 

and triggers should be put in place to address this potential issue. Another stakeholder noted that 

concentration of pumping in one region could affect the flow of groundwater into the subbasin, as well 

as affecting the monitoring well system.  

SUGGESTED MARKET STRUCTURE, RULES, AND RESTRICTIONS 

TRADABLE UNIT 

One stakeholder said that the tradable unit should be acre-feet per acre. Another interviewee said that 

trades should be made only on allocations. An interviewee said that the market should allow for trading 

of small amounts of water.  Another stakeholder said the market structure needs to consider how to 

handle water that is applied in order to recharge the aquifer, for example water applied to push down 

salts; the stakeholder suggested that the trades be limited consumptive use rather than applied water.  

LENGTH OF TRADE 

Multiple interviewees said the market should allow for a range of purchase lengths, with some 

emphasizing the need for multi-year purchases while others underscored the importance of shorter-term 

purchases. One stakeholder said growers will want to lock in their purchases, since the majority of crops 

in MAGSA are permanent. Another stakeholder said growers need guarantees so they can plan 

accordingly and suggested providing for trades up to five years long. Several interviewees said it the 

market structure should ensure that there is movement and water on the market in any given year, for 

example by staggering the sale lengths with a limited amount at each term length in the beginning. A 
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stakeholder said that for MAGSA this is particularly important since the GSA does not have access to 

surface water. One stakeholder suggested easing into the market with shorter, one- to two-year sales in 

the beginning, before adding longer term lengths as the market becomes established. A stakeholder 

suggested that there may need to be slightly different trade mechanisms depending on the length of the 

trade. For example, a long-term purchase could include an opportunity to renegotiate the price of the 

water at set intervals (such as every five years), with the current buyer having the first right of refusal for 

the water. Finally, one stakeholder expressed support for a “spot market” for very short-term trades of 

less than one year. The stakeholder said that it is important for there to be a mechanism for growers to 

pump a small amount more than they were allocated and/or had purchased, for example due to a dry 

year, whether that was through a spot market or allowing some flexibility in water use that a grower could 

then make up for by using less in the next year.  

MARKET AREA 

One stakeholder affirmed that water should not be traded outside the basin through this water market. 

Another stakeholder said that water should be kept within each district. Another interviewee questioned 

whether it would be possible to trade between GSAs in the Subbasin.  

LEAVE-BEHIND AND CARRYOVER 

A stakeholder said that the water market should be structured so that there is some leave behind and 

suggested using the leave-behind amount in the South Valley water banking project as a guideline. 

Another stakeholder suggested that the market should allow for carryover of unused water from one year 

for the next, though the stakeholder said that it would be important for there to be a portion left behind 

each year it is carried over.   

PLATFORM  

Multiple interviewees expressed preference for an electronic system to water for sale and make trades. 

One stakeholder said they would like the system to allow for communication between buyers and sellers. 

Another  said that they would like the platform to support sales over a period of time, rather than a single-

day auction. A stakeholder said that the platform should show prices in real-time to incentivize people 

who may be considering participating in the market – the stakeholder said that the more transparent, 

real-time, and accurate the platform is, the more people will participate, as they find out the true value 

of the water.  

TRANSPARENCY & CONFIDENTIALITY 

Several stakeholders said that they believed the water market could provide both transparency and 

confidentiality by making some information, like the sale price and which districts water is moving 

between, available publicly, while keeping other information, like name or specific locations, confidential. 

One stakeholder said that government agencies, like the County, may need to be able to access more 

information than what is available to the public, to monitor potential issues such as pumping becoming 

concentrated in a single area. An interviewee said that transparency will drive home the true cost of water 

and may change peoples’ willingness to invest in supply augmentation projects. One stakeholder said that 
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confidentiality is important not just for keeping specific information about who bought and sold water 

private, but also for personal security. The stakeholder said that the structure would need to allow people 

trading water to know more information about those they are trading with, but that information should 

not be shared.  

IMPLEMENTATION, ADMINISTRATION, AND ENFORCEMENT 

One interviewee said that MAGSA should administer the water market, to ensure transparency and local 

control and to keep administrative costs low. Another stakeholder said that MAGSA should be involved in 

the administration on some level, even if only by serving as the clearinghouse for the market. Another 

interviewee said administration of the water market should be kept as simple as possible, and noted that 

ultimately MAGSA is responsible for ensuring sustainability. One stakeholder emphasized that an entity 

with experience in other water markets should administer it to bring in lessons learned, but did not have 

a preference as to whether it be MAGSA or another entity.  

One stakeholder emphasized that a key aspect of the market rules is to ensure that trades are legal and 

enforceable. The structure should include a process for resolving disputes, for example, binding 

arbitration. The stakeholder also emphasized that the agreements should be tied to the land rather than 

the current landowner, so that if land is sold the new landowners are beholden to the water sales made.  

An interviewee expressed a preference for using metering to track water use, since it is a more familiar 

system, but given that metering would require self-reporting, the interviewee suggested using a combined 

approach. The combined approach could use satellite imagery to determine water use, with metering 

information used to help resolve grower disputes about the satellite-based consumptive use information.   

INFORMATION NEEDS AND ADDITIONAL CONSIDERATIONS  

TIMING 

A stakeholder said that it is premature to implement a water market before implementing and tracking 

an allocation. The stakeholder said that a water market is predicated on an allocation that defines how 

much water each landowner begins with. The stakeholder said that allocation pushes landowners to solve 

problems collectively and there may not be a need for a water market. The stakeholder affirmed, 

however, that a market would help people move water they do not need.  

Another stakeholder said that growers need to better understand what sustainable yield will look like for 

them in the long-term, as this will inform their decision-making and how they would want the market to 

function. Another stakeholder affirmed that it is challenging to make decisions without knowing what the 

allocation will be and how measurement will be conducted.   

ALLOCATION, RECHARGE, AND CREDITS  

A few interviewees shared thoughts about how the allocation should be structured, including credits for 

unused water year-over-year and for recharge. One stakeholder said that the allocation should be 

structured in a consistent allocation per acre for all acreage included. The stakeholder suggested, 
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however, that in the initial phases of implementation, MAGSA could allocate the transitional water based 

in part on historic use, since this portion of the allocation would decrease as transitional water decreases.  

A stakeholder suggested that MAGSA consider purchasing water from lands that are being permanently 

fallowed, for example through an easement, and adding that water to the overall sustainable yield 

allocation.   

Several stakeholders discussed recharge and how it would relate to the allocation and market. A 

stakeholder said that recharge should be encouraged in MAGSA. An interviewee said they would expect 

to get credit for water brought in, with a set percentage leave-behind. Another stakeholder said that the 

structure of recharge credits should align with the structure of year-to-year carryover. An interviewee 

suggested that unused recharge credits decrease over time.   

LAND COMING OUT OF PRODUCTION  

Several stakeholders shared concerns about the impact of land being taken out of production in order to 

sell water on the market. One stakeholder shared concerns about the economic impacts, such as lower 

taxes, lost employment, and the impacts of those on schools and services. Another stakeholder noted that 

fallowed land can create challenges such as illegal dumping and noxious weeds, and suggested the County 

may need to develop an ordinance relating to maintenance of fallowed land. The stakeholder said it was 

unlikely that the fallowed land would be re-zoned, so options for repurposing would likely be limited to 

things like solar power generation or habitat restoration. An interviewee expressed hope that land trusts 

might help increase habitat land uses and bring riparian corridors back to life.  

DAIRIES  

Interviewees shared a range of perspectives on the needs of dairies. One stakeholder said that dairies 

have flexibility because the consumptive use comes from growing feed, but feed could be purchased 

elsewhere. Dairy operations themselves are basically water neutral. Another stakeholder said that dairies 

may become sellers on the water market. A different interviewee, however, said that dairies do not have 

inherent flexibility because they need to grow crops on-site to utilize the nitrates.  

ADDITIONAL COMMENTS 

Some stakeholder’ comments on other issues are listed below:  

• It may take time for people to adjust to a water market, however there may be more trading than 

expected initially, since there are some people who will take the opportunity to sell their water 

and stop farming. Knowing the age of existing permanent crops might help determine how much 

water might be available on the market initially.  

• Instead of setting an allocation and creating a market for people to sell water they do not plan to 

use, the GSA should set a graduated rate so that each additional acre-foot (or half-acre foot) of 

water purchased costs significantly more than the previous one. This would create a financial 

incentive for decreasing consumption and build accountability in water usage. 
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• In other areas, farmers are working to meet reduction goals collectively, rather than each 

individual farmer having to work individually to meet a set allocation. Allocation pushes the 

decisions to the individual landowners; working collectively means identifying the water available 

and the amount needed, and working together to get more if needed. However, that structure 

leads to a high degree of uncertainty at this point, making it hard for growers to plan.  

• An interviewee expressed interest in moving water between multiple parcels under the same 

ownership. 

• An interviewee expressed interest in water banking, however they said their interest is contingent 

on the cost of procuring water to bank. 

• More information is needed on how imported water would interact with the water market. 

• Suggest using the word “exchange” rather than “market.” 

• Some people have been very vocal about not wanting non-farmed agricultural lands go into 

production. This may lead to a zoning restriction, however enforcement could be challenging, as 

well as limitation on construction of new wells.  

• Though there is some concern that a market may lead to a loss of smaller farms, a small grower 

with a valuable crop should be able to buy water. Ability to purchase water should not be a matter 

of size, but of revenue (based on crop and year), since smaller growers will need to purchase 

smaller amounts of water.  

• MAGSA should consider what will be done if the price of water on the market gets out of 

alignment. 
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