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I n many areas of the western United States, ground-
water reserves have been and are increasingly over-
drawn. When surface water supplies from rivers,
reservoirs, or lakes are low, farmers often extract and
use more groundwater from underground aquifers.
Issues resulting from groundwater overdraft—such
as increased energy costs to pump, domestic drinking
water wells going dry, land subsidence, and saltwater
intrusion—are leading regulators to consider pump-
ing restrictions to stabilize water tables. Allowing
trade of limited pumpable water can cut the costs
of achieving sustainable management dramatically.!
By trading allocations, pumpers with lower-value
water uses can benefit from curtailing or ceasing
pumping and selling their allocations to higher-val-
ue uses. Farmers and municipalities can compensate
their neighbors for making conserved water avail-
able, thereby allowing scarce water to flow to its high-
est-valued uses.

Managing groundwater optimally, however, isn’t
quite so simple because groundwater is spatially inter-
connected—in other words, groundwater extracted in
one location can affect groundwater resources else-
where in the same basin. Surface water and ground-
water are also hydrologically connected, meaning that
pumping near a stream could affect streamflows at
the surface.? Thus, groundwater extraction in one

» Groundwater is spatially interconnected,
which means that pumping in one
location can have direct, unintended
impacts on third parties that are
different from the impacts of pumping
in other locations.

» As aresult, the development of
groundwater markets requires careful
accounting and design to balance
gains from trade with the costs of
uncompensated third-party effects.

» In California, several groundwater
markets have emerged that attempt
to address these challenges, providing
lessons for the development of other
groundwater markets.

» Solutions such as designating distinct
trading zones or setting geographic
trading restrictions can leverage
existing information about the resource
to reduce third-party effects, but they
may also create barriers to trade that
constrain market activity.
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location can have unintended and uncompensated
adverse impacts on the environment that may be
different from impacts incurred in another location
from the same amount of extraction.” Pumping that
has no apparent impact at one site, for example,
could dewater a wetland if pumped from elsewhere
in a basin.* Regulators in groundwater basins are
challenged to formulate and design market insti-
tutions that maintain flexibility with limited infor-
mation about the potential effects of a new spatial
distribution of pumping.

Given these realities, three prerequisites for an
effective groundwater trading program include 1)
developing a water budget to inform accounting,
2) establishing an initial allocation of groundwa-
ter pumping rights to groundwater users within a
management area, and 3) addressing the differential
impacts that groundwater pumping can have with-
in a single basin. A water budget that accounts for
groundwater and surface water interactions is foun-
dational to the development of a market and any
rules to mitigate unintended environmental conse-
quences. Such a budget should also be coupled with
an understanding of the water demands of various
users, including for environmental purposes. The
water budget determines the cap on the aggregate
amount of water that can be extracted, constraining
extraction to match the sustainability goals of the
basin. The initial allocation of groundwater rights
determines the baseline distribution of pumping,
which can change if and when trades occur.

To address the fact that pumping has varying
impacts depending on where it occurs in a basin,
economists have proposed trading programs that
assign trading ratios that adjust the volume of
groundwater trades by multipliers to account for
spatial consequences.’ These types of policies are
intended to maximize overall well-being, balancing
the gains from trade with the mitigation of loca-
tion-specific, third-party impacts of pumping.

This policy suggestion, however, abstracts away
from the real-world costs of collecting information
about each source’s unique impacts, which could
prove substantial. Instead, others have proposed

simpler market rules, such as designating smaller
trading zones within a basin or setting geograph-
ic trading restrictions.® While these more stream-
lined market rules may be easier to implement, they
add additional barriers to trade that can constrain
market activity.

In this policy brief, we discuss the relevance
of these issues to California groundwater manage-
ment and provide lessons for groundwater manag-
ers in other states. Addressing the spatial impacts
of groundwater trading is a particularly timely
concern in California, where groundwater markets
are emerging under the Sustainable Groundwater
Management Act. We provide background on this
legislation and draw upon three case studies at vari-
ous stages of development and implementation to
assess how unintended third-party consequences
are currently being recognized and addressed. We
conclude by highlighting important trade-offs in the
design of these mechanisms.

The Sustainable
Groundwater Management
Act of California

In 2014, California revolutionized its ground-
water management practices by passing three bills,
collectively called the Sustainable Groundwater
Management Act (SGMA). Until the act’s passage,
most groundwater in the state was an open-access
resource, with any overlying landowner practical-
ly able to extract as much water as they could put
to “reasonable and beneficial” use on their land.
Lacking incentives to limit extraction apart from
the costs of pumping, groundwater users had little
reason to conserve the resource. The result was often
long-term drawdown, as is common throughout the
western United States, with costly side effects such
as land subsidence and seawater intrusion.

SGMA contains many pieces, but the core of the
policy mandates the creation of new local groundwa-
ter authorities known as groundwater sustainability
agencies, requires those authorities to develop plans
to achieve sustainability over the next two decades,
and grants additional powers to those authorities
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that enable the enforcement of the plans. This
rapid development of dozens of sustainability plans
induced by SGMA, many of which propose devel-
oping groundwater markets, makes the California
context especially fruitful for studying how market
design handles environmental concerns in practice.
SGMA defines sustainability as avoiding the
“significant and unreasonable” occurrence of six
“undesirable results™ 1) persistent drawdown, 2)
reductions in storage capacity, 3) saltwater intrusion,
4) degradation of water quality, 5) land subsidence,
and 6) depletion of interconnected surface water. Of
these, surface water depletion is most tightly linked
to ecosystem challenges, with impacts on wetlands,
streams, rivers, and lakes. Declines in groundwa-
ter levels can also affect vegetation and alter water
temperatures and flows vital for the maintenance of
spawning or rearing habitat for native fish.”
California groundwater sustainability agencies
have a great deal of leeway in designing manage-
ment schemes to avoid the six “undesirable results,”
with few prescriptions in the law itself for how these
goals must be achieved.® Many basins in Califor-
nia are large, and most basins that face sustain-
ability mandates have multiple new agencies that
are required to coordinate their plans. Drafts of
sustainability plans released so far reveal significant
variation in proposed management strategies. Some
focus primarily on funding groundwater recharge
projects, which seek to divert stormwater or waste-
water back into underlying aquifers. Others consider
various demand management projects, ranging from
extraction fees to pumping restrictions. California
law prevents groundwater agencies from modifying
the common law system of water rights, but new
management tools authorized under SGMA allow
agencies to set and enforce volumetric pumping allo-
cations and enable the trading of those allocations.’
Many submitted management plans do not
clearly differentiate between which management
actions will be pursued and which are merely on
the table. Of the 107 currently submitted plans, 50
mention the possibility of setting allocations, and
17 of those are definite about it."” Among all plans

considering allocations, 31 are also considering a
trading scheme. Most existing plans are still pending
state approval. While the prevalence of allocations
and trading in current submissions demonstrate that
groundwater markets will be a key facet of Cali-
fornia groundwater management moving forward,
it may be the case that concerns over potential
third-party impacts from groundwater trading—
and how to deal with them—are impeding more
widespread adoption of this policy instrument.

Market Design in Practice

We draw upon three case studies at various stag-
es of development and implementation to evaluate
how third-party impacts of groundwater trading are
being addressed in practice. First we consider the
Mojave Basin in Southern California, which began
trading in 1996, before the passage of SGMA and
after a long and costly adjudication process." Next,
we discuss environmental protections in the Fox
Canyon groundwater market, SGMA’s first active
groundwater market. Groundwater management
had been ongoing in Fox Canyon prior to SGMA,
so groundwater users in the basin were able to imple-
ment a groundwater market more quickly, having
built upon prior data collection, trust, and gover-
nance. Finally, we consider a market currently being
developed by Rosedale-Rio Bravo Water Storage
District (Rosedale), which has yet to begin trad-
ing. Rosedale, like many other local agencies under
SGMA, is coordinating basin-wide water budgeting
activities to inform groundwater allocations and has
established an open-source water accounting plat-
form that can serve as the foundation for a future
water trading program.

Mojave Basin

The Mojave Groundwater Basin resides along
the north side of the San Bernardino Mountains
in Southern California, just north of the eastern
portions of the Los Angeles metropolitan area and in
one of the driest areas in North America. Through-
out much of the 20th century, more or less uncon-
strained groundwater pumping led to a precipitous
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Figure 1

Map of Southern California Groundwater Management Case Studies
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Three case studies at various stages of development and implementation—the Mojave Basin, the Fox Canyon
groundwater market, and the Rosedale-Rio Bravo Water Storage District—help illuminate how third-party impacts

of groundwater trading are being addressed in practice.

decline in the groundwater table. From 1990 to
1996, the Mojave’s groundwater pumpers negoti-
ated a settlement that set total limits on extraction
and allocated pumping rights to individual users and
municipalities. This adjudication of water rights laid
the groundwork for a market to emerge that includes
several hundred users.

The groundwater market in the Mojave is one of
the most active in the American West. Every year
since 1998 more than 20,000 acre-feet of water have
been transacted on the spot market, accounting for
between 15 and 20 percent of annual pumping in
the basin. Permanent transfer of pumping rights
is also common in some areas. The market has

delivered economically meaningful benefits to
groundwater users; a recent analysis estimates bene-
fits of almost $500 million.!?

This robust market activity occurs alongside
various design features aimed at addressing spatial
pumping impacts. Some of these design features
affect foundational market rules, such as who can
trade with whom. Most enable discretionary activity
by either the third-party administrator (the “water-
master”) or other entities to address impacts. In some
cases, these features have benefited the environ-
ment by improving overall groundwater conditions,
while others specifically target ecological improve-
ments. We consider three examples below.
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In many cases, smart design of groundwater
markets will depend upon the hydrogeologic char-
acteristics of the resource. The Mojave adjudicated
area, encompassing more than 3,400 square miles,
shares interconnected groundwater resources, but
some areas are more connected than others. The
market is broken into five administrative subar-
eas, and trading across subarea boundaries requires
watermaster approval. These constraints reduce the
risk that trades into one subarea could upset local
hydrologic balance and ultimately affect the inflows
from, or outflows to, other adjacent subareas."

Furthermore, the Mojave agreement defined
obligations between subareas each year, which are
estimated by the watermaster to ensure that any
changes in pumping in one subarea that might
impact water level conditions in another are
addressed. The agreement established subsurface
flow conditions between subareas, and one surface
water obligation. Subsurface and surface flow obli-
gations require the upstream Alto subarea to guar-
antee flow to the downstream Centro subarea (to be
determined in a geographic area between the two
subareas). If total flows from an upstream subarea
are insufficient, users in the upstream subarea must
purchase “make up water” or otherwise offset the
impact.

Beyond attempting to stabilize long-term water
tables in the region’s groundwater subareas, the new
regime also defined groundwater level thresholds
along the Mojave River. These were designed in
part to maintain sufficient groundwater availability
for riparian vegetation that is important for endan-
gered species. Groundwater levels at these sites are
regularly monitored, and if they fall below certain
thresholds, the watermaster can disburse resourc-
es from the Biological Resources Trust Fund, an
account financed by small fees on pumping (less
than $1/acre-foot in 2019-20) to purchase pumping
entitlements or implement other activities. In many
cases, these funds are used by the California Depart-
ment of Fish and Wildlife to undertake conservation
projects; for example, a two-year, $30,000 project
removed groundwater-intensive invasive species

(tamarisk, a shrub) from the floodplain in 2019-
20. The funds are only available for projects inside
several specially identified zones (totaling several
dozen square miles), highlighting the importance
of mitigating particularly high pumping damages
in this area.

Finally, the market allows for voluntary
purchases of water rights to address local pumping
impacts. When one party is significantly impact-
ed by another’s pumping and well-defined rights
to said pumping exist, negotiations among affected
parties to reduce those impacts may prove sufficient.
In 2001, the Department of Fish and Wildlife did
just that with a property adjacent to Camp Cady,
a restoration site it owns within the Mojave River
floodplain. By purchasing the neighboring parcel
and associated water rights, it was able to not only
reduce nearby pumping by 90 percent but also use
the balance of the acquired rights for irrigation of
riparian vegetation. The improvements at Camp
Cady have supported natural revegetation and resi-
dent and migratory bird species.

Management of spatial impacts in the Mojave
includes a portfolio of approaches that reflect vary-
ing needs to trade off the complexity of manage-
ment rules with a need to target the most important
impacts. In cases where the number of impacted
parties is small, market transactions help to resolve
disputes, while the risk of reduced flows between
subareas—affecting hundreds of parties in ways
difficult to measure—was successfully resolved using
a mixture of foundational trading restrictions and
offset mechanisms. Meanwhile, the independent
market administrator has leeway to use funds from
local pumpers to address impacts in easily identi-
fied areas where the costs of declining groundwater
tables would be high. Together, these approaches
provide a basic structure to control important spatial
impacts and flexible opportunities to address new
ones as they arise; moreover, they do so in a way
that allows for extensive, mutually beneficial trading
to continue.
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Fox Canyon Groundwater
Management Agency

The Fox Canyon Groundwater Management
Agency (GMA), a Special Act District created in
1982, manages a 183-square-mile wedge of Ventura
County, California. Due to its proximity to the
ocean, groundwater pumping in this area has led
to seawater intrusion into the underlying aquifer,
where saltwater enters into freshwater wells. Issues
of seawater intrusion dating back to the 1950s led to
the establishment of the agency. Early local ground-
water management included reporting on levels of
groundwater extraction, a practice that is still not
widely adopted throughout the state today.

Now acting as a groundwater sustainabili-
ty agency under SGMA, the Fox Canyon GMA
developed and implemented a groundwater trading
scheme for the Oxnard Basin in Ventura County,
in conjunction with California Lutheran Universi-
ty and the Nature Conservancy. The Fox Canyon
groundwater market began trading as a pilot in
2020. The speed at which the market was developed
is largely attributable to the fact that local manage-
ment was in place long before SGMA.

Building upon a previous foundation of local
governance, data collection, and water account-
ing, the Fox Canyon GMA was able to establish
a groundwater market under SGMA that includes
protections for the environment. Two special
management areas were designated in the basin’s
groundwater sustainability plan to ensure protec-
tions against seawater intrusion and overuse. As a
part of the market’s rules, the special management
areas were given directional trading restrictions
whereby pumpers in those areas are restricted from
buying pumping rights from those located outside,
so as not to increase pumping within the special
areas. They can sell the right to pump groundwa-
ter to those outside or trade with others within the
special management area.

The Fox Canyon GMA recognizes that trades
can create cones of depression and concentrations
of pumping in certain areas that can inadvertently
reduce surface water flows, with negative environ-

mental impacts, and that market rules may need to
adapt over time." At the end of the pilot market’s first
year of trading, nearly 200 acre-feet of groundwater
pumping rights were transferred out of the two special
management areas, demonstrating that the approach
reduced pumping around sensitive resources.

Rosedale-Rio Bravo Water
Storage District

The Rosedale-Rio Bravo Water Storage District
is located within Kern County, at the southern
end of California’s San Joaquin Valley. The district
participates as one of 16 member entities within
the Kern Groundwater Authority, an entity tasked
with coordinating SGMA-related activities between
its members. Rosedale’s management area covers
approximately 75 square miles.

The district’s groundwater sustainability plan
outlines several projects and actions, including a
water accounting framework that establishes allo-
cations and develops a web-based water supply
accounting database that allows the district and its
landowners to track water usage. It also includes
a water charge demand reduction strategy, that, if
needed, would assess a fee based on the volume of
water used over and above a designated amount to
prevent overdraft.”® Further, Rosedale’s plan high-
lights that water transfers will be considered.'® As
a component of the water accounting framework
project, Rosedale has worked with Environmental
Defense Fund to co-create an open-source water
accounting platform that has billing and trading
components that can be enabled when the district
determines there is a need for this functionality."”

Rosedale’s plans equip landowners with sever-
al tools to manage water resources in response to
SGMA. The water accounting platform is designed
to enable water managers and farmers to develop
accurate water budgets and facilitate water trading.
Recognizing the need for basin-wide coordina-
tion, accounting, and management strategies, the
platform was developed using open-source code
so that other areas of the Central Valley that face
similar water challenges can leverage and adapt the
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Irrigation well and pump in San Joaquin Valley, California. © Water Alternatives Photos

platform. Rosedale has also been an early adopter
of satellite-based evapotranspiration data provided
by OpenET to measure consumptive water use and
is making this data widely accessible to landowners
through the accounting platform.'®

The platform will also integrate an open-source
groundwater modeling decision-support tool. It
will allow water managers and stakeholders to model
trading scenarios to better understand the potential
impacts of water transfers on groundwater levels
and water users within basins, which can inform
rules that address impacts to communities and the
environment.

Lessons Learned and
Policy Implications

The value of water markets stems from their abil-
ity to flexibly reallocate scarce water from lower-val-
ue uses to higher-value uses. When it comes to
groundwater management, allowing trade of pump-
ing allocations can generate gains that buffer the
costs of groundwater cutbacks. However, groundwa-
ter is a spatially interconnected resource; pumping
in one location can have direct, unintended, and
uncompensated impacts that are different from the
impacts of pumping in other locations. Certain
restrictions or controls may be needed to mitigate
these differential impacts. Yet market restrictions
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hinder the ability of buyers and sellers to flexibly
reallocate, reducing the economic gains from trade.
As a result, the development of groundwater markets
requires careful accounting and design to effectively
balance gains from trade with avoidance of uncom-
pensated third-party effects. Groundwater manage-
ment agencies under SGMA that are not currently
considering markets out of concern over third-party
impacts may look to these case studies for practical
solutions.

Solutions such as trading zones with restrict-
ed or unilateral trading between zones, as seen in
Mojave and Fox Canyon, respectively, economize
on the information that groundwater agencies must
gather. They also provide a relatively simple trading
scheme for market participants. Trading activity
from the Mojave also illustrates the value of users
themselves devising local solutions. In cases where
the number of bargaining parties is small—such as
across neighboring parcels—informational require-
ments are lower, and it may be simplest for parties to
contract for reduced pumping as a solution. Though
lacking the complete information required of the
ideal theoretical solution, market design and activity
observed in practice can effectively address salient
spatial impacts associated with trading while facil-
itating trades.

Since SGMA requires the avoidance of undesir-
able results, designing trading programs that address
impacts to the environment will not only be good
practice, it will also be necessary. Even though the
act passed nearly eight years ago, many local agen-
cies continue to struggle with how to collect, coor-
dinate, and make available water-use data to inform
actions within user groups and across larger basins.
Accurate, trusted accounting systems are critical to
inform water decision-making and in facilitating
the development of groundwater trading programs
across California and elsewhere.

Similar to previous data collection efforts in
Mojave and Fox Canyon, groundwater sustainabil-
ity agencies in California will be able to leverage
the information required under SGMA to inform
spatial considerations for groundwater market

design. Management tools like those being devel-
oped in Rosedale can enable additional granular-
ity in managing the differential consequences of
groundwater trades, especially in areas where pump-
ing is spatially concentrated. In June 2021, Environ-
mental Defense Fund, the California Water Data
Consortium, the California Department of Water
Resources, and the State Water Resources Control
Board, along with several local agencies, including
Rosedale, launched a partnership to further expand
and scale the water accounting platform with an eye
toward supporting water trading programs into the
future.” Other technological advances in ground-
water monitoring could further expand the agen-
cies’ administrative capacity to oversee groundwater
markets.

Conclusion

In California, many local agencies are develop-
ing groundwater trading programs under SGMA.
The case studies explored in this report illustrate
how several groundwater markets in California are
currently balancing the gains from trade with avoid-
ance of third-party effects in the presence of unin-
tended spatial consequences.

The vast majority of California’s groundwater
sustainability agencies that are exploring ground-
water market feasibility have not yet determined
practices for avoiding or mitigating the potential
unintended consequences of spatially reallocating
groundwater extraction. Policies designed to address
third-party impacts need to take information-
al requirements into consideration while defining
impact thresholds that are objective, measurable,
and tied as clearly as possible to pumping. Solutions
that encourage interaction among affected parties
will be the most likely to lead to beneficial outcomes.
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