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Executive Summary

The Sustainable Groundwater Management Act
(SGMA), passed in 2014, is changing the way
California manages its groundwater resources.

SGMA calls for the creation of local Groundwater
Sustainability Agencies (GSAs) and tasks them

with developing and implementing Groundwater
Sustainability Plans (GSPs) to achieve sustainable
groundwater management. SGMA offers GSAs a
broad palette of tools to choose from and significant
flexibility to tailor their management activities to local
conditions and needs. Because it allows GSAs to assign
groundwater extraction allocations to pumpers and to
authorize transfers of these allocations under certain
circumstances, SGMA potentially opens the door for
the development of local groundwater markets. In such
a market, a willing seller might trade a portion of their
groundwater extraction allocation to a willing buyer,
allowing the buyer to pump groundwater in the seller’s
stead.

In concept, markets can be used as tools to efficiently
achieve specific management objectives. For example,
in some areas, local groundwater markets could
potentially further sustainable management under
SGMA. However, this will not be the case in every
groundwater basin. Used inappropriately, groundwater
markets could have unintended consequences,
including harmful social and environmental impacts.
Where GSAs decide to employ local groundwater
markets, careful design and implementation will be
critical to ensuring their success.

The stakes involved in SGMA implementation are
high. Groundwater is a common-pool resource:
extractions by one user in one place affect the resource
at large and, therefore, the ability of others to use the
resource. Changing where or when groundwater is
pumped or the place, method, timing, or purpose of its
use can change the impacts experienced by people and
ecosystems. Groundwater management decisions made
today will affect everyone in a basin, now and well

into the future. The full impacts of poor decisions may
not be felt until long after they are made, and some
impacts may be irreversible.

Therefore, this report outlines a set of considerations
GSAs will need to examine when evaluating whether
a local groundwater market might be a viable tool for
furthering sustainable management in a particular
groundwater basin, and, if so, how to effectively
implement it.

SGMA requires local agencies to sustainably
manage groundwater resources

SGMA requires the formation of GSAs in medium-
and high-priority groundwater basins. It tasks them
with developing and implementing GSPs to achieve
sustainability within 20 years of plan implementation.
Sustainable management avoids six undesirable

results: significant and unreasonable (1) depletion of
groundwater supply, indicated by chronic lowering

of groundwater levels, (2) reduction of groundwater
storage, (3) seawater intrusion, (4) degraded water
quality, (5) land subsidence, and (6) adverse impacts on

beneficial uses of interconnected surface water.

SGMA potentially opens the door for local
groundwater markets based on within-GSA
transfers of groundwater extraction allocations

SGMA offers GSAs a broad palette of tools for
achieving sustainability. For example, GSAs can limit
groundwater pumping by establishing groundwater
extraction allocations for groundwater users within
their jurisdictions. SGMA allows GSAs to then
authorize transfers of these allocations when the total
amount of groundwater pumped within the basin

is consistent with the applicable GSP. Beyond these
basics, SGMA does not provide guidance about the
circumstances under which specific transfers, or a
transfer program more generally, might be useful and
appropriate additions to GSAS’ sustainability programs.
Although transfers of groundwater extraction
allocations could be used in other ways, this report
focuses on the possibility that they could be used as the
basis for local groundwater markets that enable water
users to voluntarily redistribute basin groundwater
resources among themselves.

In some areas, carefully designed and
implemented groundwater markets might further
sustainable management

A central argument advanced by market proponents

is that markets enable the reallocation of limited
resources more efficiently than other mechanisms,
including regulations alone. GSAs in many
groundwater basins, including those that are critically
overdrafted, will need to limit pumping to address
unsustainable groundwater use. Limits will affect
individual and collective incentives for groundwater
use, potentially making some past uses of groundwater
less feasible and leading to changes in where and how
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groundwater is used. Groundwater markets would affect
these incentives more explicitly.

Carefully designed and implemented local groundwater
markets could potentially contribute to socially,
environmentally, and economically desirable
reallocation of groundwater resources in some basins,
but success is not a foregone conclusion. Markets

(like all management tools) can have externalities—
unintended or incidental effects on third parties or

the environment that result from market transactions.
Transfers of groundwater extraction allocations change
where groundwater is pumped and where and how it is
used, potentially changing its social and environmental
impacts. Unrestricted or poorly administered transfers
could result in significant negative externalities,
including the undesirable results SGMA requires GSAs

to avoid.

Whether a local groundwater market might be a

viable tool for furthering sustainability in a particular
basin will depend on a host of factors. These include
applicable laws and regulations, basin conditions (and
the state of knowledge about basin conditions), market
design, and market implementation. In some areas,
groundwater markets may not be viable management
options: for example, where the potential impacts of
trading are not well understood, where trading rules
cannot sufficiently address negative externalities, or
where—relative to other management options—the
expected benefits of a market do not outweigh the
burdens and uncertainties associated with designing
and implementing it. However, in other areas, local
groundwater markets may have the potential to not
only further sustainable groundwater management but
to contribute significant sustainability benefits. Careful
design and implementation will be needed to guard
against harmful side effects.

Critical considerations for local groundwater
markets that further sustainable management
under SGMA

Information provides the foundation for good decision
making. GSAs and the stakeholders they serve should
analyze potential management options and compare
their expected benefits and burdens. Factors like

local climate, geology, hydrology, ecological resources
and needs, legal requirements, social and economic
conditions, and goals will affect these analyses. These
factors may vary significantly from basin to basin and
within a single basin.

This report outlines a set of considerations designed

to help GSAs and others evaluate whether a local
groundwater market based on transfers of groundwater
extraction allocations might be a viable management
tool.

We organize these considerations into three groups:

Foundational considerations — Because local
groundwater markets under SGMA would be based
on transfers of groundwater extraction allocations,
GSAs need to analyze a set of foundational
considerations shared in common with other
programs that limit groundwater pumping. These
considerations relate to measuring groundwater
extractions, setting overall pumping limits for basins
and basin management areas, and establishing
individual groundwater extraction allocations.

e Market-specific considerations — A number

of additional considerations are relevant for

local groundwater markets based on transfers

of groundwater extraction allocations. These
considerations relate to market goals, groundwater
rights questions, the potential impacts of trading,
trading rules, and the trading system and transfer
approval process. Carefully designed rules will be
needed to ensure that trades support progress toward
sustainability and sufficiently address negative
impacts to third parties and the environment.

e General considerations — Some considerations

are important for all groundwater sustainability
programs. For example, GSAs will need to
establish and maintain monitoring systems that
help them understand how program activities
affect basin conditions. They will need to exercise
oversight and enforcement authority to ensure
compliance with program requirements, evaluate
program effectiveness, and address problems by
making needed changes. Transparency and public
engagement will be important throughout. Finally,
developing and implementing sustainability
programs will require sufficient resources, including
human capacity, physical and technological
infrastructure, and funding.

When discussing these considerations, the report points
out legal ambiguities and other sources of uncertainty
that may present challenges for those seeking clarity
about market programs. GSAs should consider the
relationship between groundwater extraction allocations
and groundwater rights. They should ask whether and
how differences in the characteristics of groundwater
rights should be accounted for in the allocation process
and whether and how these differences should affect
transferability. Robust public engagement may help
GSAs navigate these issues successfully, while failing to
address them adequately could prompt an adjudication
or lay the groundwork for water right takings claims.

Developing and implementing local groundwater
markets that successfully further sustainable
management under SGMA will require significant
effort. We hope the considerations outlined in this
report help GSAs and others evaluate whether such
markets might be viable local management tools and, if
s0, how to effectively implement them.

x | Trading Sustainably
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|. Introduction

In many California groundwater basins, past levels
and patterns of groundwater extraction and use are
unsustainable. A few examples:

e Excessive pumping has depressed groundwater
levels and caused subsidence to occur over large
areas of the Central Valley, including nearly 2 feet
of subsidence between May 2015 and September

2016 in some areas.!

e In the Salinas groundwater basin, over-pumping has
caused seawater to intrude up to 11 kilometers into
the coastal aquifer system.?

e  Pumping near the Scott River has contributed to
reduced, warmer base flow during summer and fall
that poses risks for salmon that spawn there.?

The Sustainable Groundwater Management Act
(SGMA), passed in 2014, is changing the way
California manages its groundwater resources.
SGMA calls for the creation of local Groundwater
Sustainability Agencies (GSAs) and tasks them

with developing and implementing Groundwater
Sustainability Plans (GSPs) to achieve sustainable
groundwater management. SGMA offers GSAs a
broad palette of tools to choose from and significant
flexibility to tailor their management activities to local
conditions and needs.

Because it allows GSAs to assign groundwater
extraction allocations to pumpers and to authorize
transfers of these allocations under certain
circumstances, SGMA could open the door for local
groundwater markets.

A major reason SGMA gives GSAs broad flexibility

to decide how to bring basin groundwater use into
alignment with sustainable yield is that there is no
single best way to accomplish this goal that will

work in every basin. Indeed, for each basin, there

may be many possible approaches to achieving
sustainability. The way stakeholders experience SGMA
implementation will be path dependent: it will depend
on the specific choices a GSA makes. When weighing
different approaches, then, GSAs will want to consider
things like which are likely to achieve sustainability
more quickly, to be less burdensome for different
groups of stakeholders, to be more likely to avoid
negative unintended consequences, and to be less
resource intensive.

GSAs in many groundwater basins, especially those
identified as critically overdrafted, will need to limit
pumping to address unsustainable groundwater use.
Limits will affect individual and collective incentives
for groundwater conservation, replenishment, and use,
potentially making some past uses less feasible and
driving changes in where and how groundwater is used.
Changing groundwater use patterns by reallocating
limited groundwater resources among existing uses,
and between existing and new uses, may help water
users adapt to new constraints.*

By facilitating the movement of water from willing
sellers to willing buyers, a market-based approach
could enable more economically efficient reallocation
than a purely regulatory approach.’ In some areas,
local groundwater markets based on transfers of
groundwater extraction allocations could potentially
further sustainable management under SGMA.
However, this will not be the case in every basin,

and GSAs have other tools they can use to provide
incentives for reallocating groundwater extraction and
use (Box 1).

Where GSAs decide to employ local groundwater
markets, careful design and implementation will
be critical to ensuring their success as sustainable
management tools. Used inappropriately, markets
could have harmful unintended consequences,
including contributing to the undesirable results
SGMA seeks to avoid.

The stakes involved in SGMA implementation are
high. Groundwater management decisions made today
will affect everyone in a basin, now and well into the
future. The full impacts of poor decisions may not be
felc until long after they are made, and some impacts
may be irreversible.

Therefore, this report outlines a set of considerations
GSAs will need to examine when evaluating

whether local groundwater markets might be viable
management tools in their groundwater basins, and, if
s0, how to effectively implement them.
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BOX 1. Other mechanisms for reducing or reallocating groundwater extraction and use

Although this report focuses on local groundwater markets based on transfers of groundwater extraction
allocations, other mechanisms for reducing or reallocating groundwater extraction and use are potentially
available under SGMA. These include:

Establishing direct or indirect extraction limitations

SGMA allows GSAs to directly restrict pumping.® Other, more indirect, methods of reducing groundwater use
are theoretically possible, like limiting the amount of irrigated acreage allowed in a basin or imposing crop
water allowances.” If not designed with care, indirect limitations might be counterproductive, for example, by
giving farmers incentives for switching to higher value, more water intensive crops that harden demand, not for
reducing their groundwater usage. Compliance with indirect limitations may also be more difficult to measure.

Requiring new development projects to offset groundwater use

GSAs with land use planning authorities (counties and cities) could require proponents of development
projects to take measures that reduce existing groundwater use to achieve “no net increase” in the amount of
groundwater extracted in the area.®

Imposing fees for groundwater extraction

Appropriately designed groundwater extraction fees cover groundwater management expenses and have

the side benefit of providing a financial incentive for reducing groundwater use. Reallocation might occur as
some users decide not to maintain, or to reduce, their past groundwater use in light of increased costs. SGMA
authorizes GSAs to impose fees to support their activities, subject to some, not yet fully understood, limitations.®

e Volumetric fees — Whether or not they are accompanied by direct restrictions on pumping, fees based on
the amount of groundwater pumped may encourage pumping reductions. Orange County Water District'™
and Pajaro Valley Water Management Agency'' are examples of agencies that impose volumetric fees.

e Allocation-related fees — A fee structure linked to hard or soft groundwater extraction allocations might
conceivably include lower fees or credits for those who pump less than their allocated amount and higher
fees (e.g., replenishment charges) or penalties for those who exceed their pumping allocation. Allocation-
related fees have been used by Fox Canyon Groundwater Management Agency, > Orange County Water
District,'® and the City of Salinas, as well as imposed through adjudications.'®

* Project-based fee rebates — Fee rebates can provide incentives for landowners to undertake suitable
groundwater recharge projects. An example is Pajaro Valley Water Management Agency’s Recharge Net
Metering pilot program.®

Providing alternative water supplies

SGMA authorizes GSAs to provide pumpers with water from alternative sources (e.g., imported water,

local surface water, local reclaimed water) in exchange for their agreement to cease or reduce groundwater
extractions.'” Agencies that provide alternative supplies include Semitropic Water Storage District'® and Pajaro
Valley Water Management Agency.'® This option is more likely to be effective when combined with appropriately
designed groundwater extraction fees.

A. Who should read this report?

We provide information and analysis that may be useful ~ groundwater market based on transfers of groundwater
to a range of audiences: extraction allocations might be a viable tool for

achieving sustainability in a particular basin and, if so,
GSAs considering implementing local groundwater — what such a program would entail. It can help GSAs
markets begin to think through the potential benefits and

burdens associated with designing and implementing
GSAs are responsible for developing and implementing  a successful market-based program so that they can
sustainability programs to avoid undesirable results. appropriately prioritize markets within a portfolio of
This report can help GSAs evaluate whether a local potential management actions.
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Stakeholders affected by groundwater
management

Stakeholders with diverse interests will be affected,
directly or indirectly, by GSA’s groundwater
management decisions. They include parties with
groundwater or surface water rights; Native American
tribes; disadvantaged communities; local, state, and
federal agencies with land use, water supply, water
quality, or wildlife protection responsibilities; and
third parties interested in maintaining or enhancing
environmental flows.?® This report can help various
stakeholders gauge how local groundwater markets
might affect the things they care about and identify
what market-related questions and issues they want
to see thoroughly explored during the planning,
development, and implementation of sustainability
programs.

State agencies with groundwater management
responsibilities

The Department of Water Resources (DWR) and the
State Water Resources Control Board (SWRCB) have
important oversight and intervention responsibilities
under SGMA. This report can help these agencies
assess whether a particular GSA’s reliance on a local
groundwater market is appropriate and, if so, whether
it has adopted and implemented trading rules and
other requirements that adequately address basin
conditions and potential trading impacts.

B. Report organization

This Part, Part | gives a brief introduction to the
concept of local groundwater markets under SGMA,
explains who may find this report useful, and
summarizes the report’s organization.

Part Il provides legal, institutional, and physical
context for local groundwater markets. First, it
summarizes SGMA’s requirements for sustainably
managing groundwater, presents SGMA’s definition
of sustainability, explains SGMA's applicability, and
identifies the major tools GSAs can use to achieve
sustainable management. Next it explains how SGMA
opens the door for local groundwater markets based
on transfers of groundwater extraction allocations and
gives a brief overview of existing groundwater (and
groundwater-related) markets. Finally, it discusses
potential market impacts and introduces critical
considerations for local groundwater markets under
SGMA.

Parts lll, IV, and V outline a set of considerations
designed to help GSAs and others evaluate whether
a local groundwater market based on transfers of
groundwater extraction allocations might be a viable
management tool.

We organize these considerations into three groups:

* Foundational considerations — Because local
groundwater markets under SGMA would be
based on transfers of groundwater extraction
allocations, GSAs need to analyze a set of
foundational considerations shared in common
with other programs that limit groundwater
pumping. These considerations relate to measuring
groundwater extractions, setting overall pumping
limits for basins and basin management areas, and
establishing individual groundwater extraction
allocations.

* Market-specific considerations — A number
of additional considerations are relevant for
local groundwater markets based on transfers
of groundwater extraction allocations. These
considerations relate to market goals, groundwater
rights questions, the potential impacts of
trading, trading rules, and the trading system
and transfer approval process. Carefully designed
rules will be needed to ensure that trades support
progress toward sustainability and sufficiently
address negative impacts to third parties and the
environment.

* General considerations — Some considerations
are important for all groundwater sustainability
programs. For example, GSAs will need to
establish and maintain monitoring systems that
help them understand how program activities
affect basin conditions. They will need to exercise
oversight and enforcement authority to ensure
compliance with program requirements, evaluate
program effectiveness, and address problems by
making needed changes. Transparency and public
engagement will be important throughout. Finally,
developing and implementing sustainability
programs will require sufficient resources, including
human capacity, physical and technological
infrastructure, and funding,.

When discussing these considerations, the report points
out legal ambiguities and other sources of uncertainty
that may present challenges for those seeking clarity
about market programs. For example, GSAs will need
to consider the relationship between groundwater
extraction allocations and groundwater rights, asking
whether and how differences in the characteristics

of groundwater rights should be accounted for in

the allocation process and whether and how these
differences should affect transferability. Robust public
engagement may help GSAs navigate these issues
successfully, while failing to address them adequately
could prompt an adjudication or lay the groundwork
for water right takings*' claims.

Part VI summarizes our main conclusions and
observations.
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Il. Context for local groundwater
markets under SGMA

Local groundwater markets under SGMA will occur
within specific legal, institutional, and physical
contexts. SGMA requires GSAs to sustainably manage
groundwater resources. It offers these local agencies a
broad palette of tools to choose from and significant
fexibility to tailor their management activities to local
conditions, needs, and goals. Because SGMA allows
GSAs to assign groundwater extraction allocations to
pumpers and to authorize transfers of these allocations
under certain circumstances, it potentially opens the
door for local groundwater markets.

A. SGMA requires local agencies to
manage groundwater sustainably

California’s historic, ongoing drought has highlighted
the importance of groundwater resources to state

and local water security, driving the first statewide
mandate for groundwater management. Although
carlier legislation supported various local sustainability
efforts,” SGMA created the first systematic statewide
requirement to sustainably manage groundwater. It
sets a state policy of managing groundwater resources
“for long-term reliability and multiple economic,
social, and environmental benefits for current and
future beneficial uses.””® Although both local and state
agencies play important roles in operationalizing this
policy and related requirements, primary management
responsibilities lie with local public agencies.?

SGMA calls for the formation of one or more local
Groundwater Sustainability Agencies (GSAs) in
designated basins around the state.”” GSAs must
develop and implement effective Groundwater
Sustainability Plans (GSPs)* that include measurable
objectives with interim milestones designed to achieve
sustainable management within 20 years of plan
implementation.”” If multiple GSAs develop multiple
plans in a particular basin, they must jointly coordinate
implementation and jointly submit the plans to DWR
for evaluation.?®

Sustainability defined

Sustainable groundwater use avoids unacceptable
long-term environmental, economic, or social
consequences.”? SGMA defines sustainable

management® in terms of avoiding six undesirable
results:

(1) Chronic lowering of groundwater levels indicating
a significant and unreasonable depletion of
supply if continued over the planning and
implementation horizon. Overdraft during a
period of drought is not sufficient to establish
a chronic lowering of groundwater levels if
extractions and groundwater recharge are
managed as necessary to ensure that reductions
in groundwater levels or storage during a period
of drought are offset by increases in groundwater
levels or storage during other periods.

(2) Significant and unreasonable reduction of
groundwater storage.

(3) Significant and unreasonable seawater intrusion.

(4) Significant and unreasonable degraded water
quality, including the migration of contaminant
plumes that impair water supplies.

(5) Significant and unreasonable land subsidence that
substantially interferes with surface land uses.

(6) Depletions of interconnected surface water
that have significant and unreasonable adverse
impacts on beneficial uses of the surface water.®!

Sustainable yield is defined as “the maximum quantity
of water, calculated over a base period representative of
long-term conditions in the basin and including any
temporary surplus, that can be withdrawn annually
from a groundwater supply without causing an
undesirable result.”#

Applicability

Instead of applying uniformly across the state, SGMA
takes a more targeted approach by establishing
mandatory requirements for sustainably managing
those basins and subbasins (hereinafter “basins”)

that DWR designates as medium or high priority.*®
Collectively, these basins account for an estimated 96%
of all groundwater pumping statewide each year.’* As
of September 2016, they included 127% of the 515
alluvial basins DWR defined in its 2003 Update to
Bulletin 118, California’s “official compendium on the
occurrence and nature of groundwater” (Figure 1).%
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Of these 127 basins, 21 were designated as critically
overdrafted (shown with bold outlines in Figure 1).>”
Basin boundary modifications made in late 2016

have increased the total number of basins to 517.%
Basin reprioritizations that take into account modified
boundaries are expected to be complete by late 2017.%

SGMA exempts 29 listed adjudicated areas (Figure 1,

Box 2) from its core requirements.”’ The exemption will
not apply to areas that may be adjudicated in the future.

Additionally, 2015 statutory changes should ensure
that future adjudications are consistent with sustainable
groundwater management under SGMA.*!

State agencies have important guidance, oversight, and
intervention responsibilities to assist and serve as a
backstop for local management. These responsibilities
are described more fully Box 8.

FIGURE 1. Groundwater basin priority, critically overdrafted basins, and exempted adjudicated areas.*

SGMA requires medium- and high-priority basins and subbasins to be managed sustainably, while areas addressed by
past groundwater adjudications are exempted from SGMA'’s core requirements. Critically overdrafted basins are shown
with bold outlines. (NOTE: The basin boundaries shown here do not reflect 2016 boundary modifications, expected to be

included in updated basin prioritizations by late 2017.43)

Tools for sustainable management

GSAs have wide latitude to determine what tools to use
to achieve sustainable management. SGMA provides

a broad palette of potential authorities, coupled with
significant flexibility to plan and implement locally
tailored programs.* For example, GSAs can, but are not
required to, do the following:

Basin priority

High (critically overdrafted)
High

Medium (critically overdrafted)
Medium

Low

Very low

Adjudicated area exempted
from SGMA's core requirements

County boundary

* Improve information about basin demand by
requiring registration of groundwater extraction
facilities within their management areas, mandating
the use of water-measuring devices,” and requiring

annual statements of groundwater extractions.*
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* Minimize well interference by imposing
“reasonable operating regulations on existing
groundwater wells” and spacing requirements on
the construction of new wells.?’

* Increase net groundwater supply by appropriating
surface water, importing water from outside
the basin, or conserving water and using it for
groundwater replenishment or providing it “in
exchange for a groundwater extractor’s agreement to
reduce or cease groundwater extractions.”

* Control groundwater extractions “by regulating,
limiting, or suspending extractions from
individual groundwater wells or extractions from
groundwater wells in the aggregate, construction
of new groundwater wells, enlargement of existing
groundwater wells, or reactivation of abandoned
groundwater wells, or otherwise establishing
groundwater extraction allocations.”*

If they choose to establish groundwater extraction
allocations, GSAs can then authorize transfers of these
allocations under certain circumstances.*

B. SGMA opens the door for local
groundwater markets

SGMA opens the door for local groundwater

markets based on transfers of groundwater extraction
allocations. GSAs can limit groundwater pumping by
establishing allocations for groundwater users within
their jurisdictions and authorize transfers of these
allocations when the total amount of groundwater
pumped within the basin is consistent with the
applicable GSP. Beyond these basics, SGMA does not
provide guidance about the circumstances under which
specific transfers, or a transfer program more generally,
might be useful and appropriate additions to GSAs’
sustainability programs.

A brief overview of existing groundwater, and
groundwater-related, markets provides more context.

1. Local groundwater markets under
SGMA

Under SGMA, GSAs have the authority to “regulate
groundwater extraction” by “authoriz[ing] temporary
and permanent transfers of groundwater extraction
allocations within the agency’s boundaries.”" GSA
can also “establish accounting rules to allow unused
groundwater extraction allocations ... to be carried
over from one year to another and voluntarily
transferred.”?

For the purposes of this report, we focus on local
transfers that do not involve basin exports. The

language of SGMA's transfer provisions suggests that
a GSA cannot authorize transfers that would result

in water users exercising groundwater extraction
allocations outside the GSA’s jurisdiction. It is unclear
whether the legislature intended to allow groundwater
to be pumped pursuant to a transferred groundwater
extraction allocation within the GSA’s jurisdiction and
then transported outside its jurisdiction before use.
We also realize that the extent of a GSA’ jurisdiction
will not necessarily correspond to the extent of a
groundwater basin: some basins will be managed by

a patchwork of coordinated GSAs, while some GSAs
will manage all or parts of multiple basins.”> However,
many of the issues we discuss are most straightforward
when considered on a basin level, given SGMA’s focus
on the basin as the primary unit of analysis.

Express and implied limitations on transfers of
groundwater extraction allocations

SGMA specifically identifies three limitations on
transfers of groundwater extraction allocations. First,
they can only be authorized in a particular water year
“if the total quantity of groundwater extracted ... is
consistent with the provisions of the [GSP].”>* Second,
GSAs can allow unused groundwater extraction
allocations to be carried over and transferred only “if
the total quantity of groundwater extracted in any
five-year period is consistent with the provisions of
the [GSP].”> Finally, SGMA clarifies that transfers are
“subject to applicable city and county ordinances,”*
some of which impose constraints on well construction

or modification, groundwater exports, or other
transfers (Table 1).%7

However, GSAs need to consider other potential
limits. First, a groundwater transfer program should
be consistent with SGMA’s other substantive and
procedural requirements. GSAs bear responsibility for
ensuring that their sustainability programs aid, and

do not impede, sustainable management. In other
words, transfers should not cause or contribute to the
undesirable results SGMA requires GSAs to avoid.
Second, transfer programs should adequately address
other applicable local, state, and federal law (Table 1).
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TABLE 1. Various legal requirements and restrictions may be relevant to groundwater markets based on
transfers of groundwater extraction allocations. \Where noted, further details are explored elsewhere in this report.

Requirement Relevance

SGMA

Specific provisions explicitly limit transfers of groundwater extraction allocations, and SGMA's sustainability
requirements implicitly limit them in other ways. (Part Il)

Common-law
groundwater
rights

The California Constitution requires all water use to be beneficial and reasonable. There is no right to
unreasonable use of water. (Part 111.C.3)

GSAs should consider whether and how they might account for differences in the characteristics of different
types of groundwater rights when establishing related groundwater extraction allocations and making rules
that govern their transferability. (Parts 111.C.4 and IV.B.2)

Water right changes—including changes in the point of diversion or extraction or the place, method, or
purpose of use—should not injure other legal water users. (Box 6 and Appendix B)

Area-of-origin

State laws impose restrictions on groundwater exports from “protected areas,”®® with heightened

statutes requirements for exports from parts of the Delta watershed.®® These laws could come into play where the
jurisdiction of a single GSA extends beyond the boundaries of one groundwater basin.

Local Well construction or modification requires a county (or city) permit.®® Approval can be made contingent

ordinances on conditions like well-spacing requirements.®" At times, local governments have temporarily stopped

permitting new wells and modifications.®?

Some county ordinances impose hurdles to groundwater exports®® or other changes in the place of
use.® These restrictions could come into play where the jurisdiction of a single GSA extends beyond the
boundaries of one county.

The Public Trust

State courts and agencies must take public trust interests in navigable waterways and non-navigable

Doctrine streams into account and protect them whenever feasible.®® Public trust concerns may be especially
relevant for transfers of groundwater extraction allocations to areas where groundwater and surface water
have obvious connections, e.g., where groundwater contributes to base flow in a stream with a salmon run.

The Human This statute requires state agencies to consider how their actions, including those taken to implement

Right to Water SGMA, will affect “safe, clean, affordable, and accessible water adequate for human consumption,

Statute cooking, and sanitary purposes.” GSAs will want to consider how DWR and the SWRCB might address

the Human Right to Water in developing and updating policies and regulations that govern how they
approach adequacy review of GSPs (and their implementation) and the timing, form, and substance of state
intervention efforts. (Box 7)

Water quality
requirements

The state Porter-Cologne Water Quality Control Act,® federal Clean Water Act,®” and federal Safe Drinking
Water Act®® impose various water quality standards. Transfers of groundwater extraction allocations should
not individually or cumulative cause or contribute to violations of these standards.

Wildlife and
ecosystem
protections

The federal® and state’™ Endangered Species Acts impose protections for threatened and endangered
species and the ecosystems they depend upon. In some cases, instream flow requirements have been
instituted to protect these species.”" Transfers of groundwater extraction allocations should not individually
or cumulatively cause or contribute to violations of these protections.

SGMA, and DWR?’s related regulations, require GSPs to address impacts to groundwater dependent
ecosystems.” GSAs will want to consider the potential impacts of trading on these ecosystems.

Environmental
review
requirements

The California Environmental Quality Act (CEQA) requires state and local agencies to evaluate the
environmental impacts of proposed projects they have discretion over—which would include transfers of
groundwater extraction allocations—and to mitigate or avoid significant impacts whenever feasible.”™
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Local groundwater markets would be based on
transfers of groundwater extraction allocations

As we explained above, SGMA specifically allows a
GSA to authorize temporary or permanent transfers
of groundwater extraction allocations within its
jurisdiction. Local groundwater markets under
SGMA would be based on these transfers. In general,
market transactions would likely involve the seller
foregoing pumping all or part of their groundwater
extraction allocation and the buyer exercising it instead
by pumping and using groundwater in a different
location. However, if parties have access to conveyance
infrastructure, they could conceivably come to an
agreement in which the seller pumps the water and
physically delivers it to the buyer.

GSAs can learn from experiences with other
groundwater-related markets and transfers, including
existing groundwater markets, surface water transfers
based on groundwater substitution, and markets
involving banked groundwater.

2. Existing groundwater (and
groundwater-related) markets

Markets involving groundwater transfers exist in

a number of countries. Small-scale transfers of
groundwater occur informally in many parts of the
world. Informal markets generally rely on physical
transfers of water across short distances from neighbors
with wells to neighbors without wells. Formal markets
have been documented in at least a handful of
countries, most notably Australia,”*and in a number
of western U.S. states,” including in adjudicated areas
of California (Boxes 2, 4, and 5).7° Appendix A
provides several international, U.S., and California
examples to give a flavor for the variety present in these
existing markets.

Transfers of pumping allocations are important
components of some final judgments for California’s
adjudicated areas, including the Tehachapi Basin,
Chino Basin, Mojave Basin Area, and Seaside Basin
(Table 2, Appendix A). Similar concepts are used
in other areas, such as the Edwards Aquifer in Texas,
the Upper Republican Natural Resource District in
Nebraska, and in Australia (Appendix A).

Surface water markets: Transfers based on
groundwater substitution

One of the ways surface water can be made available
for transfer in California is through groundwater
substitution: when someone with surface water rights
foregoes using them and pumps groundwater instead
(Appendix B).”” Groundwater substitution transfers
that require SWRCB approval must be consistent with
groundwater management plans adopted under state

law or “[a]pproved by the water supplier from whose
pp y pp
service area the water is to be transferred.””®

Many surface water transfers, including transfers based
on groundwater substitution, were executed through
pooled “drought water banks” in the early 1990s.”” This
practice was controversial at the time,* and remains
controversial today, especially in the Sacramento Valley.

Markets involving imported water deemed to
have been stored underground

In California, imported water used to recharge
an overdrafted groundwater basin as “part of a
groundwater banking operation” can generally be
transferred by the importer.®’ (Parts 11.C.2 and
IV.B.1)

C. Potential market impacts

GSAs in many groundwater basins, especially those
identified as critically overdrafted, will need to limit
pumping to address unsustainable groundwater

use. Changing basin groundwater use patterns by
reallocating limited groundwater resources among
existing uses, and between existing and new uses,

may help water users adapt to these limits.** A central
argument advanced by market proponents is that
markets enable the reallocation of limited resources

at a lower cost than other mechanisms, including
regulations alone.*> However, changes in patterns of
use can have negative, as well as positive, consequences.
Therefore, GSAs need to think about how to effectively
minimize the negative impacts and maximize the
positive impacts of their management decisions,
including implementing local groundwater markets.

Groundwater is a common-pool resource. Extractions
by one user in one place affect the resource at large
and, therefore, the ability of others to use the resource.
Changing where or when groundwater is pumped

or the place, method, timing, or purpose of its use

can change the impacts experienced by people and
ecosystems. The aquifers within a groundwater basin
are not underground lakes, but zones of soil or rock
that contain interconnected spaces through which
groundwater can flow.* Physical, chemical, biological,
and land use characteristics can vary substantially
within the confines of a single aquifer system or
groundwater basin.®> Therefore, pumping or using
groundwater at one place and time could have different
effects on sustainability indicators associated with
undesirable results (like seawater intrusion, subsidence,
and surface water depletions) than pumping or using
groundwater at another place or time. However,
currently most groundwater basins lack “the proper
institutional or incentive structures to ensure that

groundwater extractions avoid third-party injuries.”®
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Negative impacts

A market does not operate in a void. Problems can
result when individual and collective objectives

are out of sync and market rules fail to address the
disconnect.’” “[T]he value of water extends beyond
an individual’s potential economic gains,” and it can
be difficult, if not impossible, to incorporate these
other values into the price of a groundwater trade.®®
Used inappropriately, groundwater markets (like
other management tools) can have significant negative
externalities: harmful unintended or incidental effects
on third parties or the environment that are not
factored into or addressed in market transactions®

One party’s use of groundwater affects others. The
location, amount, and timing of groundwater pumping
and use can all affect the quantity or quality of
groundwater available to others, how much it costs to
extract, and whether subsidence occurs and damages
infrastructure.”® The undesirable results outlined in
SGMA? (Part II.A) reflect a broad spectrum of the
social and environmental externalities potentially
associated with groundwater extraction and use.

Transfers that change the distribution of groundwater
pumping and use could potentially increase the net
amount of extraction occurring in some areas. This
could have local impacts on the quantity or quality of
water accessible to groundwater dependent ecosystems,
low-income communities, and other individuals or
constituencies (see Part IV.C). Transfers can also
negatively impact the local economy in areas that
experience reduced pumping; for example, farmworkers
and agriculture-dependent communities may suffer
job losses and other repercussions when transfers shift
groundwater from agricultural to municipal use.”

These concerns are not just theoretical. Negative
externalities have been documented or discussed

in many market contexts, including groundwater
markets.”® For example, when groundwater trading
first began in the North Adelaide Plains area of South
Australia, trades ended up concentrating pumping in
certain areas, severely drawing down local groundwater
levels and necessitating the introduction of special
trading rules to mitigate the problem.”* Yet differences
in the externalities related to pumping or using
groundwater in different locations within a basin have
not generally been incorporated into economic models
of optimal groundwater extraction.”

Groundwater markets should not be blind to
negative externalities, but should instead recognize
and appropriately account for them.”® Appendix C
provides a window into how other environmental
markets have tried to address trading externalities.

Positive impacts

Markets can be deliberately structured with the goal
of minimizing the negative externalities of trades

while maximizing their positive impacts.”” Currently,
there are places in basins where it would be especially
desirable to reduce pumping, for example, areas of
seawater intrusion and areas where groundwater
provides critical baseflow for streams. Transfers of
groundwater extraction allocations away from these
areas can directly support progress toward sustainability
goals. Trading rules like directional restrictions and
trading ratios (Part IV.D, Table 4) could be used

to maximize the potential benefits of groundwater
markets, benefits which may be more politically
difficult to achieve through regulations alone.

Critical considerations for local groundwater
markets under SGMA

Information provides the foundation for good decision
making. Before committing to specific management
options available under SGMA, a crucial step for GSAs
and the stakeholders they serve will be to carefully
analyze potential management options and compare
the expected benefits and burdens of each.

In theory, carefully designed and implemented local
groundwater markets have the potential to enable
socially, environmentally, and economically desirable
redistribution of groundwater use that both helps

basin water users adapt to pumping restrictions’®
established under SGMA and directly furthers

SGMA’s goals. However, this result is not a foregone
conclusion. Instead, whether a local groundwater
market might be a viable tool for furthering sustainable
management in a particular basin will depend on a host
of factors, including applicable laws and regulations,
basin conditions (and the state of knowledge about
basin conditions), market design, and market
implementation.” Factors like local climate, geology,
hydrology, ecological resources and needs, and social
and economic conditions will all be important. In
addition, GSAs will need to carefully consider how a
local groundwater market would further local goals,
including, but not limited to, sustainability goals. These
factors may vary significantly from basin to basin, and
even within a single basin. A local groundwater market
may not be a viable management option where the
potential impacts of trading are not well understood,
where trading rules cannot sufliciently address negative
externalities, or where—relative to other management
options—the expected benefits of a market do not
outweigh the burdens and uncertainties associated with
designing and implementing it.

The remainder of this report is designed to help GSAs
think about what they would need to do to adequately
address trading externalities in their own basins. It
outlines a set of considerations (Figure 2) designed

to help GSAs and others evaluate whether a local
groundwater market based on transfers of groundwater
extraction allocations might be a viable management
tool.
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FIGURE 2. Overview of critical considerations for local groundwater markets under SGMA. These considerations
are organized into three groups: (1) foundational considerations shared in common with other programs that limit
groundwater pumping, (2) market-specific considerations, and (3) general considerations that are important for all
groundwater sustainability programs. Table 6 lays out these considerations in more detail.

Foundational considerations General considerations

Measuring Monitoring
groundwater extractions

Oversight and

: o enforcement
Setting overall pumping limits

Evaluation
Establishing individual
groundwater extraction

allocations Modification

Transparency and public
engagement

Resources

Market-specific considerations Human  Physical and technological  Funding
capacity infrastructure

i -@ ) $$
@ Market goals

NS
\\ Groundwater rights questions

Potential impacts of trades

Spatial Temporal Method and Social Environmental
dimensions dimensions purpose of use dimensions dimensions
dimensions

e TN M -

Trading rules

Trading system and transfer
approval process
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lll. Foundational considerations

Because local groundwater markets under SGMA
would be based on transfers of groundwater extraction
allocations, GSAs need to analyze a set of foundational
considerations shared in common with other programs
that include limits on groundwater pumping. These
considerations relate to measuring groundwater
extractions, setting overall pumping limits for basins
and basin management areas, and establishing
individual groundwater extraction allocations. These
are steps that GSAs in many groundwater basins,
including those identified as critically overdrafted,

will likely need to take to address unsustainable
groundwater use.

A. Measuring groundwater
extractions

CONSIDERATIONS:

e \What is known about historical groundwater
extraction and use in the basin?

e How well understood are current patterns and
volumes of groundwater extraction and use?

e How will groundwater extraction and use be
measured going forward?

Information about past and present use provides
essential context for setting overall pumping limits
(including sustainable yield), establishing individual
groundwater extraction allocations, and overseeing and
enforcing both. In combination with other monitoring
data, groundwater extraction and use information helps
managers understand how pumping has affected basin
conditions in the past and how changes in patterns and
levels of pumping might affect basin conditions in the
future. This is critical input for making management
decisions.

Timely and accurate groundwater extraction
information will also be necessary for local
groundwater markets based on transfers of
groundwater extraction allocations.'” For markets to
work, the parties to transfers will need to be able to
understand and demonstrate what they are transferring,

and GSAs will need to verify that transfers comply with
groundwater extraction allocations, trading rules, and
other requirements.

The amount of water pumped from the majority of
wells around the state is not currently measured or
reported.’”" For example, recent estimates suggest

that approximately two-thirds of agricultural wells are
unmetered.'”” However, pumpers in many adjudicated
areas do measure their extractions. For example, the
Mojave Basin Area adjudication requires everyone
pumping more than 10 acre-feet of water per year

to measure their extractions using meters, “flow
measuring devices, electrical energy consumption
records, time of usage records[,] or other methods
having equivalent accuracy” and to file quarterly
reports of production.'” Some Special Act groundwater
management agencies also require metering and
reporting of groundwater extractions. For example, Fox
Canyon Groundwater Management Agency requires
flowmeters on all wells, except those “supplying a
single-family dwelling on one acre or less” of land.
Additionally, since 1955, there has been a statutory
requirement for people in four Southern California
counties (Los Angeles, Riverside, San Bernardino, and
Ventura Counties) who pump more than 25 acre-feet
in a particular year to file a “notice” with the SWRCB
that includes the quantity of groundwater extracted
and other information.'”

104

SGMA authorizes GSAs to adopt well-metering
requirements. They can require pumpers, except those
who extract 2 acre-feet or less per year for domestic
purposes, to meter their wells and provide annual
reports of their total extractions.'%

KEY TAKEAWAYS

Information about past and present groundwater
use provides essential context for setting

overall pumping limits, for establishing individual
groundwater extraction allocations, and for
overseeing and enforcing both. In addition, proper
accounting of groundwater extraction and use will
be necessary for carrying out and confirming local
groundwater market transactions.
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B. Setting overall pumping limits

CONSIDERATIONS:

e How will the total amount of groundwater
that may be pumped from the basin (and, if
appropriate, from different management areas)
be determined?

- What sustainability indicators, minimum
thresholds, measurable objectives, and interim
milestones will be used to gauge undesirable
results and progress toward sustainability?

- How will these be translated into sustainable
yield for the basin and, if appropriate, to
extraction limits for different management
areas?

SGMA allows GSAs to authorize transfers during

a particular water year only if the total quantity of
groundwater extracted in that time is consistent with

a GSP designed to achieve sustainable management.'””
Therefore, a prerequisite for local groundwater markets
under SGMA is figuring out what this means.

To sustainably manage groundwater, GSAs need to
identify and limit cumulative extractions to the basin’s
sustainable yield. SGMA defines “sustainable yield”

as “the maximum quantity of water, calculated over a
base period representative of long-term conditions in
the basin and including any temporary surplus, that
can be withdrawn annually from a groundwater supply
without causing an undesirable result.”'% Because it
only has meaning with reference to undesirable results,
estimating sustainable yield is a multi-step process

that includes (1) identifying current or prospective
undesirable results'®; (2) establishing minimum
thresholds'® and measurable objectives'"! for related
sustainability indicators''?; and (3) determining what
cumulative groundwater extraction limits—in other
words, caps—will meet these objectives and eliminate
or avoid the undesirable results.

This is not a trivial task. For example, each GSA must
identify measurable objectives and interim milestones
for sustainability indicators that will ensure the
groundwater basin is operated within its sustainable
yield within 20 years.'”> What does this entail? A 2015
report by the Union of Concerned Scientists concluded
that developing and implementing effective measurable
objectives for each sustainability indicator will require

a GSA to:
¢ define clear baselines,
* set quantitative thresholds,

* develop protective triggers that require action
before reaching a threshold,

* incorporate regular measurement and monitoring,
* account for uncertainty, and

* adapt to changing conditions and new
information.'*

Thresholds will need to be consistent with existing
regulatory standards (e.g., for water quality), with
thresholds developed for other undesirable results in
the basin, and with thresholds in other hydrologically
connected basins.!!®

To translate these into sustainable yield, the GSA

will need to determine, likely with the help of one

or more mathematical models,''® what cumulative
extraction levels will meet or exceed all minimum
thresholds.'” Any mathematical models will build on
“a descriptive hydrogeologic conceptual model ... that
characterizes the physical components and interaction
of the surface water and groundwater systems in the
basin.”'"* DWR has developed regulations that describe
modeling requirements'" as well as two documents
describing modeling best management practices.'*
Other resources include a recent report by Stanford’s
Water in the West program, which offers a framework
for developing mathematical groundwater models
under SGMA and discusses various options.'*' While
relatively simple analytical mathematical models may
be appropriate for assessing some undesirable results
or basins,'? other undesirable results or basins may
require complex numerical mathematical models—
needing more data and greater technical expertise—to
enable adequate understanding of basin groundwater
systems, the variables that influence them, and the
potential effects of different management options

and changing basin conditions.'* Measurement of
groundwater extractions (Part Il.A) and monitoring of
basin conditions (Part V.A) will provide critical inputs
for models and, ultimately, for a range of management
decisions.!*

Multiple pumping limits

For some basins, multiple limits on groundwater
extraction may be useful or even necessary. If different
parts of a basin are more or less likely to experience
specific undesirable results, or to experience them more
or less acutely, it may make sense to create distinct
management areas'®® and to subdivide or allocate
sustainable yield among these areas. Pumping limits for
different management areas can work in conjunction
with other mechanisms to promote transfers that yield
sustainability benefits, for example, transfers that shift
groundwater extraction away from sensitive areas and
towards those areas less likely to experience specific
undesirable results (Part IV.D).

12 | Trading Sustainably

BERKELEY LAW | WHEELER WATER INSTITUTE AT CLEE



Challenges

Determining sustainable yield will be challenging for

many GSAs, which may not yet have all the information,

human capacity, funding, and other resources they
need.'? Critical needs include an understanding of the
hydrogeology and interconnectedness of aquifer systems;
consumptive and non-consumptive surface water use
and groundwater use; recharge; the impacts to third
parties and the environment of historical groundwater
extraction and use patterns; and the expected spatial
and temporal variation of impacts under different future
pumping scenarios.'”

GSAs in data-poor areas may struggle on multiple
fronts. For example, they may lack the information
necessary to support basic water budgeting that
describes the amounts and sources of water entering
and leaving a basin and changes in water storage.'?

In its 2003 Update of Bulletin 118, DWR classified
the groundwater budgets for many basins as either
“estimated” or “little known.”'® Information has
improved for some of these basins since then," but
for many, significant gaps and questions remain.'"!
Furthermore, GSAs may have difficulty identifying
appropriate sustainable management criteria or

may lack sufficient information to understand the
impacts of groundwater extraction and use. Indeed,

a recent review of water accounting in California
identified major gaps in understanding of groundwater
availability, groundwater / surface water interactions,
groundwater rights claims, and groundwater pumping
and use.'*

Even in areas where substantial information is
available, it may be difficult to interpret or there may
be disagreement about its interpretation.'?

KEY TAKEAWAYS

SGMA requires GSAs to determine sustainable
yield, “the maximum quantity of water, calculated
over a base period representative of long-term
conditions in the basin and including any temporary
surplus, that can be withdrawn annually from a
groundwater supply without causing an undesirable
result.” This value can serve as a limit on cumulative
groundwater extractions. When basin conditions
vary spatially, it may be useful to establish multiple
management areas that are each apportioned part
of the basin’s sustainable yield.

C. Establishing individual
groundwater extraction allocations

CONSIDERATIONS:

e \What is the relationship between groundwater
extraction allocations and common-law
groundwater rights?

e How adversarial are basin stakeholders? How
open to cooperative solutions are they?

e What factors will be used to determine
individual groundwater extraction allocations?

e To what extent should differences in the
characteristics of groundwater rights be
accounted for in the allocation process? Under
conditions of overdraft, will appropriative users
still receive allocations? How will probable
prescriptive uses be addressed?

e How will the allocation system address the
dormant overlying rights of landowners not
currently making overlying use of groundwater?
How will it address landowners that want to
begin new overlying uses in the future?

e \What groups would benefit most, and least,
from different allocation options?

e How should return flows to surface water
or percolation to groundwater from the use
of imported and native surface water be
addressed?

e Wil those issued allocations be able to carry
over some or all of an unused portion for future
use? If so, how much, for how long, and under
what conditions?

Once a GSA determines the total amount of
groundwater that may be sustainably pumped from
a basin or basin management area per unit of time,
the next step toward developing a local groundwater
market is establishing individual allocations for each
pumper. Although SGMA does not require a GSA
to establish groundwater extraction allocations,'**
this is a necessary precursor for many demand-side
management options. Steps in establishing allocations
are likely to include identifying who should receive
allocations, determining what information will be
needed, collecting and evaluating the sufficiency

of this information, developing one or more
allocation methodologies, applying the allocation
methodology(ies), and secking feedback on the

resulting allocations.'”
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In the abstract, many factors might play a role in
groundwater extraction allocations. These include the
amount of groundwater a party used historically, the
proportion of land the party owns within the basin,
and what the groundwater is used for."*® An allocation
could conceivably entitle the holder to a fixed quantity
of water or to a share in the sustainable yield.

However, it is important to note that GSAs will not
be starting with a blank slate. Instead, they will be
establishing groundwater extraction allocations in a
particular legal, social, and political context. GSAs
need to give serious consideration to this context,
including common-law groundwater rights, our focus
here. Below, we summarize common-law groundwater
rights, related rights to recover imported water and

to use underground storage space, and California’s
constitutional requirement that all water use be
reasonable and beneficial. We then look at different
potential interpretations of the relationship between
groundwater extraction allocations and common-law
groundwater rights.

1. California groundwater rights

Although state statutory law has played a significant
role in defining surface water rights (Appendix

B)," rights to use groundwater have been almost
wholly defined by common law. Courts have fleshed
out groundwater rights in series of cases, some
settling disagreements between a few parties'®® and
some adjudicating the rights of all or the majority

of groundwater users within a particular area (Box
2).'% Case law describes five main types of rights to
extract and use groundwater in California. This report
focuses on the most common of these—overlying,
appropriative, and prescriptive rights. Box 3 briefly
describes the other two: pueblo rights and federal
reserved rights. This section also touches on two

types of groundwater-related rights—rights to recover
imported water and to use underground storage space.

Overlying rights

Opverlying rights to use groundwater are tied to land
ownership in a groundwater basin and are largely
analogous to riparian rights (Appendix B) to use
surface water.'* Under a riparian right, the owner of
land adjacent to a surface watercourse has the right

to use its natural flow for reasonable beneficial use on
that land.'"! Similarly, an owner of land overlying a
groundwater basin has the right to extract a reasonable
amount of native groundwater to support beneficial uses
on that land.'” Overlying rights are not lost through
lack of use.'”® Instead non-pumpers are considered to
have dormant overlying rights.'*

Opverlying rights are correlative. The amount of
groundwater a landowner is entitled to put to overlying
use is not quantified. Instead, it is an undefined and
variable share of available groundwater flow that
depends on actual basin conditions and competing
uses.'” During times of shortage, each overlying user

is limited to that user’s “proportionate fair share of

the total amount available based upon his [or her]
reasonable need.”'* This share is not predicated on
past use during a specific period of time or assigned
priority based on when the overlying use began; instead
it depends on the landowner’s “current reasonable

and beneficial need for water.”'¥” Considerations for
“determining each owner’s proportionate share” in
times of shortage potentially include “the amount of
water available, the extent of ownership in the basin,
[and] the nature of the projected use,” among other
things.'*s

Opverlying uses have priority over appropriative uses
during times of shortage, except to the extent an
appropriator has gained a prescriptive right.'®

Appropriative rights

Appropriative rights to use groundwater do not
depend on land ownership but on the actual taking

of groundwater. In California, appropriation is the
“taking of water for other than riparian or overlying
uses.”"*" Since 1914, the appropriation of surface water
has been administered by the SWRCB and subjected to
permitting, licensing, and registration requirements."
Meanwhile, surplus groundwater—not needed for

the reasonable beneficial uses of those with overlying
rights—is available for appropriation, without a
permit, for non-overlying use within the basin or for
export.>?

In aggregate, groundwater extractions may not exceed
the basin’s “safe yield,”"*® “the maximum that could be
withdrawn without adverse effects on the basin’s long
term supply.”>* If extractions exceed this amount,

the basin is considered to be in overdraft. Because
overlying users have priority, appropriators must
curtail their usage first during times of overdraft.
Unlike overlying rights, appropriative rights to use
groundwater technically attach to a particular quantity
of water and have differing priorities: “the one first in
time is the first in right,” so when not enough water

is available for all, “a prior appropriator is entitled to
all the water he needs, up to the amount that he has
taken in the past, before a subsequent appropriator
may take any.”"*® However, the lack of permitting or
recordation requirements means it can be much more
difficult to determine the priority date and amount

of an appropriative groundwater right than of an
appropriative surface water right.””
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BOX 2. The experiences of adjudicated areas offer useful insights for those considering local

groundwater markets under SGMA, but differences in legal constraints may be important.

In most parts of California, groundwater users pump and use groundwater without having clearly defined or
quantified their rights relative to other basin users. Notable exceptions exist in adjudicated areas.

An adjudication is a legal action brought to determine the water rights of multiple water users in part or all of a
groundwater basin or watershed. Adjudications are often instigated by a small number of large water users.'%®
Some address at least some aspects of both surface water and groundwater, but most involve only one or the
other. Groundwater adjudications have been carried out in a number of areas around the state, most in southern
California.'®® Commonly, key stakeholders negotiate an agreement, subject to approval or modification by a
court, for allocating groundwater and managing the basin.'®

Because most groundwater adjudications establish extraction allocations and allow them to be transferred, they
offer potentially useful insights about how groundwater markets can work in practice. However, legal constraints

in adjudicated areas can differ substantially from those in the unadjudicated areas of groundwater basins that are
subject to SGMA. Therefore, GSAs should be wary of simply replicating the allocation and transfer systems they
find in adjudicated areas. Instead, when reviewing the experiences of adjudicated areas, GSAs will want to keep the
following points in mind:

e SGMA exempts 29 listed adjudicated areas from its core requirements. While these adjudicated
areas only need to report information about area groundwater resources and use, GSAs must develop and
implement GSPs to achieve sustainability.’®" (Note that SGMA does not exempt future adjudicated areas, and
future adjudications should be consistent with sustainable groundwater management under SGMA.1¢?)

e Adjudications have rarely addressed all the aspects of sustainable management identified in SGMA,
although there has sometimes been significant overlap.'®® Adjudications settle disagreements between
parties about who should bear responsibility for solving particular problems.®* They may not address the full
range of sustainability issues that are relevant under SGMA. For example, according to a recent review, it is
rare for adjudications to explicitly take environmental uses and impacts into account.'®

¢ |n some areas, conditions worsened following adjudication. For example, groundwater levels in parts
of many adjudicated areas have declined since the adjudication occurred.'® Potential causes could include
inaccurate assumptions underlying management decisions (like safe yield calculations), inadequate oversight,
and inadequate enforcement. GSAs will be responsible for avoiding undesirable results and could face state
intervention if their plans and actions are not up to the task. Looking at how management under adjudications
has actually affected basin conditions, and why, may be instructive.

e Adjudications may not adequately consider some relevant stakeholders. The areas covered by
adjudications do not necessarily encompass entire groundwater basins,'®” and adjudications may not
adequately address small groundwater users or disadvantaged communities.®® The GSAs in a basin are
collectively responsible for the sustainability of the entire basin, and they must consider the interests of a
broad range of stakeholders.

e Solutions developed through adjudications often involve importing water from outside the basin.'®®
Not all GSAs will have access to imported water, and, given California’s natural climate variability and the
changes expected to accompany ongoing climate change, the future reliability of imported water supplies
could be an issue for adjudicated and unadjudicated areas alike.

e Agreements that waive or alter rights, such as those reached in many adjudications, “are not helpful
to understanding the rights ... within existing legal frameworks.”'"® GSAs lack the power to determine
or alter the relationships between water rights,'”! while adjudications routinely do both. This report raises
questions about how this difference might impact how GSAs think about groundwater extraction allocations
and their transferability (see Parts 111.C.4 and IV.B.2).
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Prescriptive rights

Prescriptive rights only come into play in basins that
have experienced conditions of overdraft, and only have
practical consequences during times of overdraft.'”

If an appropriator continues to pump when there is

no available surplus, that taking of groundwater is
wrongful, but it may “ripen into” a prescriptive right if
certain conditions are met.'”* Specifically, the use must
be “actual, open and notorious, hostile and adverse

to the original owner, continuous and uninterrupted
for the statutory period of five years, and under claim
of right.”'7* “Acquisition of a prescriptive right in
groundwater rearranges water rights priorities among
water users, elevating the right of the one acquiring it
above that of an appropriator to a right equivalent in
priority to that of a landowner.”'”

A prescriptive right is “quantified by determining

the volume of water pumped during the prescriptive
period and [is] limited to that amount.””® California
law bars the acquisition of prescriptive rights against
public entities."”” SGMA specifically prevents the use

of groundwater pumping “between January 1, 2015,”
and the date a GSA adopts a GSP (or DWR approves
an alternative) “as evidence of, or to establish or defend
against, any claim of prescription.”'”® In essence, this
provision reduces incentives to “race to the pump”
before GSAs have the chance to establish pumping
limits or other programs to protect groundwater
resources.

A number of cases suggest that overlying users can
protect their interests from prescription not just by
procuring a declaratory judgment but by continuing
to pump during times of no surplus (termed “self
help”)'”” and that prescriptive rights cannot be
determined relative to prospective overlying uses

in a private adjudication.’® However, the practical
repercussions are not clear,'®" especially for overlying
users in unadjudicated areas, since prescriptive rights
are generally only recognized and confirmed through
an adjudication or other litigation.

BOX 3. Less commonly encountered groundwater rights

Pueblo rights and federal reserved rights, although less commonly encountered, are critically important where

present.

Pueblo rights

As municipal successors to Mexican pueblos, the cities of Los Angeles and San Diego have asserted rights

to use as much of the waters of the streams that flow through them as is needed by the cities and their
inhabitants.'® Their pueblo rights apply to both surface streams and to hydrologically connected groundwater. '8
To the extent the municipal successor does not currently need this water, it remains accessible to others. '8
Where pueblo rights exist, they are paramount to overlying, riparian, and appropriative rights in the same

waters.®

Federal reserved rights

In addition to overlying, appropriative, and prescriptive rights,'® the federal government can hold federal
reserved rights in water. These rights arise when the federal government reserves land from the public domain
for federal purposes, like an Indian reservation, a national monument, or a national park. The U.S. Supreme
Court has held that federal reservations implicitly reserve “water rights sufficient to accomplish the purposes of
the reservation.”'®” Although federal reserved rights “are not dependent upon state law or state procedures,”!®
they are “subject to whatever rights may have vested while the lands were in the public domain.”'®® The specific
federal purposes they support may find additional protection as Public Trust uses.'®®

The extent to which federal reserved rights apply to groundwater has been unclear. In 1976, the U.S. Supreme
Court held that the United States could protect its reserved rights in surface water from injury by later diversions
of surface water or groundwater.'®' Recently, in March 2017, the Ninth Circuit concluded that the reserved
rights doctrine also applies directly to groundwater.'® It held that the Agua Caliente Band of Cahuilla Indians

in California’s Coachella Valley “has a reserved right to groundwater underlying its reservation as a result of the
purpose for which the reservation was established” —“to create a home for the Tribe” —leaving quantification of

that right for a future phase of the litigation.®®
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2. Rights to recover imported water and
to use underground storage space

In addition to the rights to extract and use groundwater
summarized above, other groundwater-related rights
will play a key role in many of California’s groundwater
basins. These include rights to recover imported water
and rights to use underground storage space.

Rights to recover imported water

Storing water in an aquifer system is legally similar

to storing water in a surface reservoir.'” This is a type
of conjunctive use and a major factor in groundwater
banking.'”> When a particular party imports water
from outside a groundwater basin and either directly
or indirectly recharges the aquifer, that party generally
maintains the right to recover the water later. This
right extends to return flows (water not consumptively
used in a given application, like irrigation) and, if
excess storage capacity is available, to water deliberately
placed in underground storage through spreading

or other means."® Storage can also be accomplished
indirectly, by using imported water in lieu of pumping
water under a groundwater right.'”’

Rights to use underground storage space

The California Court of Appeal has held that
groundwater “[e]xtraction and storage are different
physical processes” and that “establishing a hydrologic
link between them is not sufficient to show that a
legal interest in one creates an interest in the other.
Underground storage space could conceivably be
allocated in different ways.

»198

The interests of those who use underground storage
space may come into conflict with the interests of
users of native groundwater, including groundwater
dependent ecosystems.'”” For accounting purposes,
when imported water is banked, it takes up storage
space within the aquifer system. Similar accounting
applies when unused portions of groundwater
extraction allocations are allowed to be carried

over from one year to the next (Part IV.C.2). Both
decrease the remaining storage capacity available for
recharge that is considered part of the basin’s safe
yield. In some basins, there may be adequate unused
storage capacity to accommodate these storage uses,
which—if governed by appropriate rules—could have
largely positive externalities (e.g., raising groundwater
levels which could potentially reduce pumping costs,
improve groundwater quality, and help to maintain
important groundwater / surface water connections).
However, in other basins, such as those with little
unused storage capacity or rapid flow-through, storage

rights and related withdrawals based on incorrect

water accounting assumptions could have significant
negative unintended consequences.*” As a result, it is
important for GSAs to think through the consequences
of different possibilities for allocating storage in their
basins.?"!

Parties to adjudications have arrived at various
arrangements for allocating the use of underground
storage space. The Six Basins Area adjudication
provides one example of how storage rights have been
managed. Parties to the adjudication agreed that
rights to storage capacity in part of the Area (the Four
Basins Area) belonged to the 9 parties holding Base
Annual Production Rights there and to a 10th entity,
a municipal water district.*** The stipulation provided
that, when unused storage capacity is available,

its use will be prioritized as follows: (1) storage of
“replenishment water” (native water that “comprises

a portion of the Operating Safe Yield pursuant to a
historical replenishment program”), (2) storage of
carryover rights, (3) storage and recovery of native
water, (4) storage and recovery of imported water, and
(5) storage and recovery of other water.”*® Parties can
lose all or some fraction of their unpumped storage
and recovery rights in the event there is insufficient
storage capacity for replenishment water.?”* Similarly,
the Antelope Valley area adjudication allows parties

to enter into storage agreements with the watermaster
but specifically bars them from allowing “operations,
including the rate and amount of extraction, which will
cause a Material Injury to another Producer or Party,
any subarea[,] or the Basin.”**

3. The constitutional requirement for
reasonable and beneficial water use

All water rights are limited to the amount that is
reasonably and beneficially used.?

Reasonable use

There is no right to an unreasonable use of water.””” The
California Supreme Court first applied the reasonable
use doctrine to groundwater in 1903.2°® Since 1928,
the California Constitution has explicitly barred “the
waste or unreasonable use or unreasonable method of
use or unreasonable method of diversion of water” and
required that “conservation ... be exercised ... in the
interest of the people and for the public welfare.”*”
What is considered reasonable necessarily changes with
time and circumstances, so past levels of use are not
conclusive evidence of reasonableness.?!°

In the groundwater context, SGMA helps define
reasonable use. In passing the Act, the California
legislature codified the principle, initially developed
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through case law, that using groundwater in excess
of a basin’s sustainable yield is unreasonable.?! By
identifying sustainability indicators, undesirable
results, measurable objectives, interim milestones,
and minimum thresholds, GSAs will also weigh in
on what they think is reasonable—but they will not
have the last word. In exercising oversight, DWR and
the SWRCB may come to different conclusions than
particular GSAs (see Box 8).

Beneficial use

The same provision of the California Constitution
states that “the general welfare requires that the water
resources of the State be put to beneficial use to the
fullest extent of which they are capable.”'? Case law,
state statutes, and regulations have all helped to define
which purposes of use are beneficial: these include
municipal use, industrial use, irrigation, support of
fish and wildlife, protection of water quality, and many
others.?? California law prioritizes domestic uses*'* and
recognizes a human right to “safe, clean, affordable,
and accessible water adequate for human consumption,
cooking, and sanitary purposes” (Box 7).

Storage of water underground, in and of itself, is

not considered a beneficial use. Instead, those who
store water, whether in a reservoir or in available
underground storage space, must do so with a
subsequent beneficial use in mind.?”® For recharge,
this could be repelling seawater intrusion, supporting
fish and wildlife, or later agricultural or municipal use.
Notably, in 1992, the California legislature established
a state policy of encouraging the conjunctive use

of groundwater and surface water.?'® In support of
conjunctive use, the California Water Code treats “the
use of water from an alternate nontributary source” in
lieu of pumping groundwater to permit replenishment
as “a reasonable beneficial use of the groundwater” if
the user files an annual statement with the SWRCB.?"”
Many adjudications also encourage conjunctive use.

4. Groundwater rights and groundwater
extraction allocations

In the absence of systematic oversight, the legal limits
of California groundwater rights have been enforced
through infrequent, and generally expensive, litigation.
Lack of oversight contributed to the overexploitation
of groundwater resources that spurred SGMA’s
enactment,”'® and SGMA implementation efforts are
likely to focus new attention on groundwater rights
issues. This is especially true where a GSA intends

to restrict pumping by establishing groundwater
extraction allocations, whether or not it plans to take
the additional step of authorizing transfers.

What is the relationship between groundwater
rights and groundwater extraction allocations
developed under SGMA?

SGMA clearly envisions GSAs being able to establish
groundwater extraction allocations as a tool to

limit pumping.*"” However, it does not specify how
reductions in groundwater pumping should be
allocated among the groundwater users in a basin, and
the legal relationship between groundwater extraction
allocations and common-law groundwater rights is not
entirely clear. Should the characteristics of a particular
groundwater right constrain the characteristics of

the related groundwater extraction allocation or

not? Because case law does not directly address this
issue, analyzing it necessarily involves extrapolation
and uncertainty. Below we discuss two potential
interpretations.

Interpretation 1: Groundwater extraction
allocations are constrained by existing
groundwater rights

SGMA explicitly states that it does not determine or
change water rights or priorities.”* What does this
imply about the relationship between groundwater
rights and groundwater extraction allocation developed
under SGMA? One potential interpretation is that
groundwater extraction allocations need to reflect the
limitations inherent in different types of groundwater
rights. In this view, GSAs can impose allocations that
acknowledge these limitations and further restrict
groundwater use consistent with the constitutional
requirement for reasonable beneficial use.

In the context of adjudications, California’s highest
court has concluded that courts cannot impose
allocations that ignore the characteristics of existing
groundwater rights. In its 2000 decision in City of
Barstow v. Mojave Water Agency (knows as the Mojave
Basin Area adjudication), the California Supreme
Court held that adjudication decisions that “d[o] not
attempt to determine the priority of water rights,
and merely allocate[] pumping rights based on prior
production,” improperly “elevate[] the rights of
appropriators and those producing without any claim
of right to the same status as the rights of riparians
and overlying owners.”??' The court acknowledged
that parties to an adjudication may freely stipulate to
different treatment of their rights (Boxes 2, 4, and
5, Table 2).?* For example, they could stipulate to
an agreement that assigns groundwater extraction
allocations in a way that is inconsistent with the
characteristics and constraints of their existing
groundwater rights, such as based solely on the amount
of past use, without regard to whether the use was
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overlying or appropriative. However, a court may

not simply ignore the existing groundwater rights

of non-stipulating parties. It cannot apply equitable
apportionment to these parties unless it first determines
what their rights are and concludes that following
priority would be inconsistent with reasonable use, for
example when all parties have been relying on basin
groundwater for a long time and have established
“mutual prescription.”*”

It is reasonable to think that groundwater extraction
allocations developed by GSAs, like those imposed

by courts, would remain subject to the constraints of
related groundwater rights.?** Whereas a regulatory
agency can establish a new system of pollution
allowances without fear of interfering with preexisting
rights to pollute (there are no such rights), a GSA does
not start with a similarly clean slate. As a consequence,
establishing a secondary system of water use
entitlements (i.e., groundwater extraction allocations
under SGMA) that effectively ignores or displaces the
preexisting system of common-law groundwater use

rights could be legally and politically risky.

Recall that an overlying right attaches to the user’s
“proportionate fair share” of the total amount of
groundwater available based on the user’s “reasonable
need.”*” Meanwhile, an appropriative right can
technically only be exercised when there is surplus
groundwater available under the user’s particular
priority of appropriative right. Without all right
holders” agreement, simply assigning allocations to
appropriators and overlyers alike in proportion to

their past use, regardless of conditions of surplus or
overdraft, would not seem to be consistent with the
limitations of related groundwater rights. On the other
hand, attempting to adhere strictly to groundwater
right priorities, when those rights have not yet been
determined through an adjudication, could also be
problematic. As explained above, overlying rights are
correlative and not associated with a particular quantity
of water, and claims of prescriptive right may be
unclear.

GSAs might be able to create different types of
allocations that correspond to different types of rights.
For example, a GSA might provide appropriative users
with allocations only during years when surplus water
would have been available under their priority of right;
when the basin is in overdraft, they would receive

no allocations. However, this could have draconian
consequences, like cutting off all pumping by cities
who supply water to their residents (considered an
appropriative use) during times of overdraft, and would
likely run afoul of the constitutional requirement for
reasonable use, the priority for domestic beneficial

226

uses, and the Human Right to Water. Taking these
into account, a GSA might design a less harsh option
that does not deprive people of water needed for
consumption and sanitation by assigning appropriators
a full share during times of surplus and a reduced
allocation sufficient to cover minimum human
health and safety needs during times of overdraft
Alternatively, a GSA might decide to, for example,
provide both overlyers and appropriators with allocations
every year, basing the overlyers’ shares of sustainable
yield on their maximum use during a specific baseline
period and appropriators’ shares on a fraction of their
maximum baseline use, reflecting the probability that
surplus water would be available under their priority of
right on average.

227

In sum, under this interpretation, groundwater
extraction allocations are constrained by existing
groundwater rights and other applicable law, including
the constitutional requirement for reasonable and
beneficial use. A GSA’s allocation decisions might
conceivably reflect these constraints in various ways.

Interpretation 2: Groundwater extraction
allocations are not constrained by existing
groundwater rights

Some suggest that, because they are not themselves
groundwater rights, groundwater extraction allocations
do not need to be consistent with groundwater rights.
In this view, ownership of a groundwater right would
be a precondition for receiving an allocation, but

the characteristics of that right need not affect the
characteristics of the allocation.?”® GSAs might be able
to come up with allocation regimes that do not closely
track groundwater rights but that basin stakeholders
nonetheless think are fair and reasonable, for example,
assigning each user a share in sustainable yield based on
the volume of their past use.””

Because many users do not currently measure how
much groundwater they pump, many allocation
methods would require users who had not previously
measured their extractions to develop acceptable
estimates of past use and to measure their extractions
going forward.

Questions...

As GSAs begin to get down to the nitty-gritty business
of crafting plans and programs to achieve sustainable
groundwater management in their basins, what
allocations can or should look like will become an
increasingly important topic of discussion. Potential
allocation-related questions include the following:
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*  What is the relationship between groundwater
extraction allocations and common-law
groundwater rights?

* How adversarial are basin stakeholders? How open
to cooperative solutions are they?

e What factors will be used to determine individual
groundwater extraction allocations?

* To what extent should differences in the
characteristics of groundwater rights be accounted
for in the allocation process? Under conditions
of overdraft, will appropriative users still receive
allocations? How will probable prescriptive uses be

addressed?

* How will the allocation system address the dormant
overlying rights of landowners not currently making
overlying use of groundwater? How will it address
landowners that want to begin new overlying uses
in the future?

* What groups would benefit most, and least, from
different allocation options?

* How should return flows to surface water or
percolation to groundwater from the use of
imported and native surface water be addressed?

* Will those issued allocations be able to carry over
some or all of an unused portion for future use?

If so, how much, for how long, and under what
conditions? (Part IV.C.2)

Some adjudications provide potentially useful examples
of attempts to address these types of questions.
Recognizing the differences in legal context will be
important, however. Early adjudications, especially, often
treated overlying and appropriative rights essentially the
same for the purposes of allocation*” (Boxes 2, 4, and
5, Table 2).

To help resolve current legal ambiguities, GSAs and
their stakeholders could ask the legislature to clarify
the relationship between groundwater extraction
allocations and related groundwater rights.

Stakeholder engagement

Robust stakeholder engagement in developing
groundwater extraction allocations will be critical.
Whether or not a local groundwater market is on

a GSA’s horizon, given the ambiguity surrounding
the relationship between groundwater extraction
allocations and related groundwater rights, GSAs
would be wise to rely on robust stakeholder
engagement processes in developing them (Part V.E).
This will be especially critical for GSAs thinking about
establishing extraction allocations that depart from
strict interpretations of groundwater rights.

Beyond the fact that SGMA requires public
engagement at all stages of GSP development and
implementation, earning stakeholder buy-in can

be helpful in a range of ways. Knowledge of how
adversarial or open to cooperative solutions basin
stakeholders are can inform a GSA’s approach to
allocation outreach and engagement and help it
identify potential allocation alternatives. If individual
groundwater users see themselves as not being heard
and losing out in the allocation process, they might
try to pursue water right takings claims or initiate

an adjudication. Robust, meaningful engagement

can increase voluntary compliance and reduce the
likelihood of conflict. The risk of unhappy stakeholders
(and adverse legal actions) will decrease if a GSA
selects methods for allocating extractions through an
inclusive, intensive, and well-documented stakeholder
process that fosters broad stakeholder agreement.
While this will require more time up front, once
completed, the chosen allocation methodology can

be implemented more quickly, with less potential for
resistance. Furthermore, if a stakeholder later decides to
challenge the allocations by initiating an adjudication,
a thorough participatory process could potentially
enable a relatively quick adjudication process.”!

Some GSAs may conclude that proactively pursuing

a statutory adjudication that determines groundwater
rights and establishes extraction allocations would be a
worthwhile step towards creating a local groundwater
market that furthers sustainable management.

KEY TAKEAWAYS

Because the relationship between groundwater
extraction allocations and groundwater rights is not
clear, GSAs should develop groundwater extraction
allocations through robust stakeholder engagement
processes that foster stakeholder buy-in. This will
reduce the likelihood that unhappy basin water
users pursue water right takings claims or initiate an
adjudication. If an adjudication is triggered, a robust
stakeholder engagement process will likely reduce
the burden of adjudication. Some GSAs may
conclude that pursuing a statutory adjudication that
determines groundwater rights and sets extraction
allocations would be a worthwhile, clarifying step

in creating local groundwater markets that further
sustainable management.
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BOX 4. Extraction limits and allocations in California’s adjudicated areas

The 29 listed adjudicated areas exempted from SGMA's core requirements face different legal constraints than
do unadjudicated areas subject to SGMA (see Box 2). Therefore, while the extraction limits and allocations
developed through adjudications offer potentially useful lessons for GSAs looking to develop their own, it is
important to examine them with a critical eye.

Extraction limits in adjudicated areas

The limits on groundwater extraction and use defined through an adjudication are not necessarily the equivalent
of “sustainable yield” under SGMA (Box 2, Table 2). Most adjudications have established one or more limits,
generally described as “safe yield,” on groundwater extractions in all or part of the adjudicated area. The limits
usually have some hydrogeologic basis, and are often adapted over time as conditions change, but in some
cases they appear to be predominantly keyed to aggregate past use.

Allocations in adjudicated areas

In an adjudication, groundwater users can “agree to a judgment which waives or alters their water rights in

a manner which they believe to be in their best interest.” 2% This freedom to “waive or alter” water rights by
consent means that some of the allocation methods used in past adjudications are potentially inconsistent with
strict interpretations of unadjudicated groundwater rights.

Although the details vary from adjudication to adjudication (see Table 2), in general, allocations have been
determined in at least two steps:

1. Designate each groundwater user’s share of aggregate groundwater extraction — This has usually
been based on historical use, for example, the user’s largest annual extraction during the 5 years prior
to initiation of the adjudication. To calculate the user’s proportional share, this amount is divided by the
aggregate value for all groundwater users. A few adjudications have treated allocations differently based in
part on the end use of the water (e.g., agricultural, industrial, municipal).

2. Calculate each groundwater user’s extraction allocation for a designated future time period — This
has generally involved multiplying the extraction limit (e.g., annual or seasonal safe yield) by the user’s
designated share.

Some adjudications have treated those with overlying rights and those with appropriative or prescriptive rights
essentially the same for the purposes of allocation. However, most adjudications after 1977 have given some
kind of priority to overlying rights relative to appropriative rights, or have at least recognized the unchanged
overlying rights of non-stipulating parties. A recent review of California groundwater adjudications commissioned
by the SWRCB suggested that, under adjudications, “overlyers are often allowed to pump with only limited
restrictions, generally do not have to reduce pumping until appropriators reduce their withdrawals, and
sometimes do not have to reduce pumping at all.”?%

Carry over of unused allocations in adjudicated areas

In some adjudicated areas, unused allocations can be carried over indefinitely (e.g., in parts of the Upper Los
Angeles River Area?*¥), while in others carry over is time-limited®3® or restricted to a fraction of the full allocation or
the unused portion (e.g., in the Six Basins area®).

Foreclosure of dormant rights

Some adjudications foreclose dormant overlying rights (e.g., in the Chino Basin, Table 2).
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TABLE 2. Examples of overall extraction limits, allocations, and transfer rules in California’s adjudicated areas.
Some adjudications have treated those with overlying and appropriative rights largely the same (not differentiated), while
others have assigned them different rights and responsibilities (differentiated).

Area Overall limits Allocations Transfers Differentiation
Tehachapi | Two-thirds of aggregate | Base Water Right Of Base Water Rights or Not differentiated
Basin®*’ Base Water Rights Highest continuous extraction Allowed Pumping Allocations (except for
(1971) after overdraft started (except (except for domestic wells) domestic wells)

each domestic well is assigned 3 i
Export: No export from Basin
acre-feet/year)
Allowed Pumping Allocation
Two-thirds of Base Water Right
Carry over: 2 years, up to 25%
of Allowed Pumping Allocation
Chino Adjudicated Safe Yield | Pool 1: Overlying Agricultural Within Pool 2; Within Pool 3; Differentiated by
Basin?®*® 140,000 acre-feet/year Pool Rights = Correlative share of | From Pool 2 to watermaster pool
1978 82,800 acre-feet/year or, via watermaster, to Pool 3, )
( ) Operating Safe Yield y : Un-exercised
e ) if Pool 2 uses recycled water o
Appropriative Pool’s Pool 2: Overlying Non- instead overlying rights
share of Safe Yield + Agricultural Pool Rights (industrial considered “lost”
authorized Controlled or commercial users) = Decreed Pool 3 may “exercise” Pool 2’s by prescription
Overdraft shares of Safe Yield rights “to the extent necessary
e ) to provide water service to said
Pool 3: Appropriative Pool Rights ) R
. overlying lands
(municipal users) = Decreed
shares of Operating Safe Yield Pool 1’s unused allocations are
reallocated to Pool 3
Carry over: Pool 2 or 3; May
require storage agreement Export: Replenishment costs
for exports increased post-1976
Mojave For each of 5 hydrologic | Base Annual Production Right Of Base Annual Production Physical solution
Basin subareas: % of aggregate Base Annual Rights, Free Production does not apply to
Area®*® . . Production (based on the Allowances, Carryover Rights those producing
Production Safe Yield k )
(1996) » maximum annual production ) less than 10 acre-
Initially 100% of the . Between subareas: Authorized
during a year from 1986-1990) ) feet/year
subarea’s aggregate leases only; Cumulatively -
Base Annual Production, | Free Production Allowance limited to the source subarea’s Non-stipulating
reduced to 80% over Base Annual Production Right x replacement water requirement | overlyers maintain
4 years, with later subarea Production Safe Yield for prior year; Replacement their rights
adjustments based on c - 1 obligation incurred for water
conditions arry over: 1 year pumped then transported to
another subarea
Amounts adjusted to avoid
increasing consumptive use
Export: No export from Basin
Area without court approval
Seaside For each of 2 subareas: Base water right Of Standard Production Overlyer’s choice
Basin®¥ . . Assigned % or fixed amount Allocations, Carryover Credits of Standard
Operating Safe Yield .
(2006) o ) ) — or Alternative
Initially based on Standard Production Allocation | Some limits on transfers Production
historical usage, then Share of subarea Operating Safe between subareas Allocation

reduced 10% every 3
years to reach Natural
Safe Yield

Yield

Alternative Production
Allocation = Prior and
paramount right to specified
volume of water

Carry over: Standard Production
Allocations only; Up to available
Storage Allocation; Potentially
subject to reduction

Export: No export from Basin

Does not govern
those producing
less than 5 acre-
feet/year
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IV. Market-specific considerations

A number of additional considerations are relevant for local
groundwater markets based on transfers of groundwater
extraction allocations. These considerations relate to market
goals, groundwater rights questions, and the potential
impacts of trading. Carefully designed trading rules will

be needed to ensure that trades support progress toward
sustainability and sufficiently address negative impacts to
third parties and the environment. GSAs will also need to
consider how to structure the trading system and transfer
approval process to enable buyers and sellers to find one
another and to operationalize trading rules and other
requirements.

A. Market goals

CONSIDERATIONS:

e \What is the market intended to accomplish (or
avoid)?

e How will the market complement or reinforce other
sustainability programs?

e How will market success be measured?

A market is not an end in itself, but a means of achieving
particular ends, and it should be tailored to meet those
ends.*' Local groundwater markets developed under
SGMA need to have clearly articulated goals that are
consistent with SGMA and other applicable legal
requirements. Without them, there is no yardstick

for success. Progress cannot be tracked, and adaptive
management is impossible. Therefore, a GSA should be
prepared to define what it intends a transfer program

to accomplish and how the program complements

or reinforces other aspects of the GSA’s sustainability
program.?*? For example, through a local groundwater
market, a GSA might seek to enable groundwater users to
voluntarily redistribute the basin’s sustainable yield among
themselves in a way that maximizes the sustainability gains
from trading by shifting pumping away from problem
areas. The program would be considered effective if it
achieves these goals and ineffective if it does not.

KEY TAKEAWAYS

Groundwater markets under SGMA need explicit goals
that are consistent with sustainable management.

B. Groundwater rights questions

CONSIDERATIONS:

e To what extent should the characteristics of
common-law groundwater rights affect the
transferability of groundwater extraction allocations?

e How might transfers of groundwater extraction
allocations injure other water users?

As Part l11.C.4 explained, the relationship between
groundwater extraction allocations and groundwater rights
under SGMA is not clear. Do allocations need to respect key
differences in the characteristics and constraints of related
groundwater rights, or are allocations part of a regulatory
ovetlay that need not reflect these differences? Here we
examine groundwater rights issues that become important for
markets if there is a tight linkage between groundwater rights
and groundwater extraction allocations.

1. Groundwater rights and property right
characteristics important for markets

In general, a clear legal framework that allows the transfer
of groundwater rights or related extraction allocations
would be a precondition for a successful local groundwater
market.””® One challenge GSAs will face is that the
California case law that defines who may pump and use
groundwater, how much, and under what circumstances
does not readily fit this description. Because SGMA does
not determine or change water rights, a GSA’s management
actions—including authorizing groundwater transfers—
might reasonably be considered to be subject to their
constraints. The essential issue is that a party cannot legally
transfer a right it does not have.

Economic theory describes basic characteristics of
property rights that affect market efficiency. These can be
summarized as exclusivity, divisibility, transferability, and
enforceability (Table 3).

The property rights relevant for environmental markets will
rarely be completely exclusive, infinitely divisible, transferable
without restriction, or always straightforward to enforce.
Instead, they will fall somewhere on a spectrum for each.
Additionally, these characteristics often have fuzzy boundaries
when translated into actual property rights contexts.
Nevertheless, a restriction in any of these dimensions could
potentially reduce market efficiency.
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Groundwater is a common-pool resource.*

Extractions by one user in one place affect the resource
at large and, therefore, the ability of others to use the
resource. The impacts of groundwater transfers may
extend far beyond the parties involved in individual
transactions (Parts Il.C and IV.C). These features

suggest that groundwater rights, overall, have relatively
low exclusivity.** However, there are important
distinctions among different types of rights for this and
other characteristics. These are summarized in Figure
3 and discussed in more detail below.

TABLE 3. Basic characteristics of property rights that affect market efficiency.?*

Characteristic

Considerations

Exclusivity To what extent can the right holder exercise the right without interference from others?
To what extent will the benefits and burdens of the right, and of transferring the right, accrue to the
parties to the transfer? To other parties?

Divisibility To what extent is the right to use the resource able to be divided among users?

To what extent can the right be separated into smaller physical, temporal, or legal units?

Transferability

To what extent can the right holder physically and legally sell, trade, or lease a right or some aspect of it?

Enforceability

To what extent do social or legal structures defend the right from infringement or involuntary seizure and
ensure that it is exercised appropriately?

Characteristics of overlying rights

An overlying landowner has the right to extract a
reasonable amount of groundwater, in light of the
demands of other overlying users, to support beneficial
use on his or her land within the basin. By definition,
then, overlying rights are not fixed in quantity and have
low exclusivity relative to other ovetlying rights but are
collectively intended to be exclusive of appropriative
rights during times of shortage. Absent quantification
through an adjudication, an overlying right would

not appear to be divisible (how does one subdivide an
unquantified amount?).

Case law suggests that an overlying right can generally
only be transferred by selling or leasing the land to
which it is linked, but that overlyers may be able make
alternative arrangements to serve their properties with
groundwater:

* Use on another of the landowner’s parcels —
Courts do not appear to have directly addressed
whether water pumped under an overlying right
must be used on the particular parcel it is pumped
from, or whether it can be used on other land owned
by the landowner in the same basin.?*” However, the
California Supreme Court has suggested in dicta
that an overlying user who owns several parcels
in a basin could potentially pump and distribute

groundwater from one parcel for overlying use on all
the parcels.?*

* “Substitution” — Water pumped and physically
conveyed to another landowner in the basin for
use on that person’s land would generally not be
considered put to overlying use.”*’ For example,
where a municipality or water company extracts
groundwater from a basin it overlies and sells the
water to customers whose land also overlies that
basin, the use is considered an appropriative public
use, not an overlying use.”” However, the California
Supreme Court has suggested in diccum that a
municipality could become “substituted” for an
overlying landowner if it acquired the landowner’s
rights “only for use on the particular land of
such owner.”?! Indeed, California courts have
concluded that mutual water companies®* can do
just that.?® It would presumably also be acceptable
for neighboring overlying landowners to access
groundwater from a single well on one owner’s land.

Given their characteristics and constraints, transfers

of overlying rights as part of a groundwater market
would probably not be feasible without an adjudication
that quantifies them and alters their constraints.
Enforcement may also be challenging.
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Characteristics of appropriative rights

In theory, appropriative groundwater rights attach to

a particular amount of water and are exclusive of one
another, such that a junior appropriator is only entitled
to pump groundwater if more senior appropriators are
able to satisfy their rights from the available surplus. In
practice, however, appropriative rights have generally
only been quantified in some adjudicated basins. In
unadjudicated areas, some appropriative users may not
measure their extractions. On the other hand, others—
like municipalities, public water utilities, and private
water companies—may have extensive historical data
to support their claims of right.

Because appropriative rights are not tied to use on
specific land, they could potentially be transferred to
others for use within or (without other constraints)
outside the basin. Since an appropriative right is
associated with a particular amount of water, it could
theoretically be divided up into smaller units, allowing
an appropriator to transfer all, or some fraction of,

the right. These features also potentially enhance

the enforceability of appropriative rights relative to
overlying rights.

However, surplus water capable of supporting some

or all appropriative rights might be available only
infrequently or not at all in some basins subject to
SGMA, especially those subject to critical conditions of
overdraft.

Characteristics of prescriptive rights

The characteristics of prescriptive rights in an
unadjudicated area are still more unclear. Especially
in basins that are not continuously experiencing
conditions of overdraft, there may be questions about
whether the elements of prescription have been
satisfied® and, if so, to what quantity of groundwater
the prescriptive user is entitled.

Once acquired, during times of surplus, prescriptive
rights effectively function as appropriative rights and so
share their characteristics. However, the properties of
even recognized prescriptive rights are not entirely clear
during times of overdraft.”> To the extent prescriptive
rights are considered to have invaded overlying rights
(by preventing overlying users from accessing all

the groundwater they would otherwise have put to
reasonable, beneficial use), during times of overdraft,
they might also be considered exclusive of overlying
rights. On the other hand, where overlyers have been
able to keep pumping all they needed in times of
overdraft, overlyers and prescriptors alike might need
to share in the shortage. In this case, some of the
characteristics of prescriptive rights might be more
similar to those of overlying rights.

Characteristics of rights to recover imported
water

Rights to recover imported water appear to be the most
straightforward to map onto the basic characteristics
of property rights. The party that imports water

from outside a groundwater basin maintains the

right to recover related return flows and, if excess
storage capacity is available, water deliberately

placed in groundwater storage through spreading

or other means.”® These rights are likely to be the
most exclusive, most easily divisible, most clearly
transferable, and, since they are most likely to be
accompanied by documentation, the easiest to enforce.

2. Groundwater rights and
transferability rules

As we noted in Part II.C.4, GSAs should consider
the relationship between groundwater extraction
allocations and groundwater rights. They should ask
whether and how differences in the characteristics

of groundwater rights should be accounted for in

the allocation process and whether and how these
differences should affect transferability. Regardless

of the answers GSAs arrive at, robust stakeholder
engagement may help the agencies navigate these issues
successfully, while failing to address them adequately
could prompt an adjudication or lay the groundwork
for water right takings claims.

Again, we examine two potential interpretations of
the relationship between groundwater extraction
allocations and related groundwater rights.

Interpretation 1: The transferability of groundwater
extraction allocations is constrained by the
characteristics of existing groundwater rights

As Part 111.C.4 suggests, GSAs could potentially
create different types of allocations that correspond to
different types of rights. They might also assign each
type of allocation “different opportunities.”*” Because
appropriative and prescriptive rights are not tied to
specific land, transfers of the allocations associated
with these rights could potentially be carried out more
consistently with California groundwacter rights law.
However, as we have noted, surplus water capable

of supporting some or all appropriative rights might
be available only infrequently or not at all in some
basins, especially those subject to critical conditions of
overdraft, making them less useful for redistributing
water in basins already experiencing significant water
stress. On the other hand, allowing transfers of
allocations related to overlying rights would seem to be
inconsistent with the common-law groundwater rights

that SGMA explicitly preserves.”*®
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FIGURE 3. Summary of groundwater right characteristics that may be relevant for markets. This figure gives

a flavor for some of the potential differences in the characteristics and constraints associated with common-law
groundwater rights and rights to recover imported water (1) during times when groundwater surplus to the needs of
overlying users is available (the paler column of each pair) and (2) during times when there is no surplus (the darker
column of each pair). For example, when there is no surplus water in a basin, appropriative rights are technically
unavailable and therefore lack exclusivity, divisibility, transferability, and enforceability. On the other hand, the unquantified,
correlative nature of overlying rights likely gives them low exclusivity and makes them indivisible and difficult to enforce,
while their linkage to specific overlying land might make them untransferable. Readers should not treat this figure as
conclusive. Instead, it is meant to spark further consideration of potential differences in characteristics that may be
relevant for local groundwater markets based on transfers of groundwater extraction allocations.
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Exclusivity Divisibility
In its 2000 opinion in City of Barstow v. Mojave Water
Agency, the California Supreme Court explained that
“[a]n overlying right, analogous to that of the riparian
owner in a surface stream, is the owner’s right to take
water from the ground underneath for use on his

land within the basin or watershed; it is based on the
ownership of the land and is appurtenant thereto.”*
Just as a riparian right may only be transferred along
with the riparian land to which it is linked (see
Appendix B), absent an adjudication, an extraction
allocation associated with an overlying right might only
be transferable with the overlying land it serves.

Under this interpretation, given the major substantive
differences between groundwater rights, the most
straightforwardly defensible transfer rules would

bar overlying users from trading their groundwater
extraction allocations to other landowners and

would allow appropriative users to trade only when
surplus water is available under their priority of

right. Therefore, transfer rules used in adjudicated
areas may not necessarily be appropriate models for
transfer rules under SGMA (Box 5). For example,

in some adjudicated areas, allocations associated with
overlying rights can be transferred separate from
overlying land (Table 2; Boxes 2, 4, and 5). The
Amended Decision in California American Water v. City

Transferability

Enforceability

of Seaside set up two types of production allocations
“roughly similar to appropriative and overlying rights,
[but] reflecting a compromise by the landowners in
that overlying rights are not fixed in quantity.”*" If
overlyers chose to, they could convert their “Alternative
Production Allocations” into “Standard Production
Allocations” that could be transferred, but at the cost
of losing the “prior and paramount right” to receive
the amount of the Alternative Production Allocation
“in perpetuity.”*! Both assigning overlying users a
guaranteed volume in perpetuity and allowing them
to convert this allocation into a transferable one
might be legally questionable in an unadjudicated
area. SGMA, GSPs, and allocations made under them
cannot change or determine rights, and allocations
cannot be used subsequently as final determinations
of rights.*> While the Seaside adjudication “creates a
means to take advantage of market-based reallocations
of water rights,” it does so “in a manner that,” under
this interpretation, “would not be available under the
common law.”?%

As we discussed in Part 11l.C.4, GSAs and their
stakeholders could seek clarity either by asking the
legislature to spell out the relationship between
groundwater extraction allocations and groundwater
rights or by proactively pursuing a statutory

26 | Trading Sustainably

BERKELEY LAW | WHEELER WATER INSTITUTE AT CLEE



adjudication that determines groundwater rights,
establishes groundwater extraction allocations, and
settles questions about their transferability.

Interpretation 2: The transferability of groundwater
extraction allocations is not constrained by the
characteristics of existing groundwater rights

Some have suggested that, because it is not itself a
groundwater right, the transferability of a groundwater
extraction allocation is not constrained by the
characteristics of the related groundwater right. In

this view, ownership of a groundwater right would

be a precondition for transferring an allocation, but
the characteristics of that right need not affect the
allocation’s transferability.?**

A groundwater market pilot program

Managers in some basins subject to SGMA are already
beginning to explore the possibilities for groundwater
markets. The Fox Canyon Groundwater Management
Agency is one of the farthest along. It is gearing up for

a one-year groundwater market pilot program in one of
the basins it manages. For the past few years, agricultural
users across the Agency’s management area have received
Annual Efficiency Allocations based on a crop Irrigation
Allowance Index.?® The pilot program would allow up
to 30 agricultural water users within the Oxnard Basin
to participate in a market based on transfers of all or
part of each user’s “market allocation”—the amount of
groundwater that user reported pumping from August
2014 through July 2015—to other agricultural users in
the basin.?*® Participants must install a smart meter or
other Advanced Metering Infrastructure device, must
have stayed within their Annual Efficiency Allocation

for 2014-15, and must otherwise remain in compliance
with the pilot program’s rules and other ordinances and
regulations.”” The Agency plans to use the program as
a learning experience, seeing it as a “reasonable means
of evaluating” how helpful groundwater markets might
be in “achiev[ing] the sustainability goals for the basins
within its jurisdiction.”%

Stakeholder engagement

As we discussed for developing groundwater extraction
allocations (Part IIl.C.4), GSAs would be wise to

use robust stakeholder engagement processes to help
them decide if;, when, and how different categories

of groundwater rights should be transferrable. This
will be especially critical for GSAs that are thinking
about allowing transfers of extraction allocations held
by overlying users, or by appropriative users whose
groundwater rights are technically not available under
conditions of overdraft.

KEY TAKEAWAYS

The key takeaways are similar to those for

Part 11l.C: Because the relationship between
groundwater extraction allocations and groundwater
rights is not clear, GSAs should develop
transferability rules through robust stakeholder
engagement processes that foster stakeholder
buy-in; furthermore, some GSAs may decide that
pursuing a statutory adjudication that clarifies the
transferability of groundwater extraction allocations
would be a worthwhile step to take along the road to
sustainable management.

BOX 5. Transfer rules and results of trading in California’s adjudicated areas

Again, the 29 adjudicated areas listed in SGMA face different legal constraints than the unadjudicated areas
of basins subject to SGMA. Specifically, to the extent that transfer rules developed through adjudications are
founded in consent-based departures from standard conceptions of groundwater rights, they may not be

appropriate for use in areas subject to SGMA (Box 2).

Most California groundwater adjudications allow at least a subset of the parties to engage in groundwater
transfers.?®® Some adjudications allow transfers of allocations related to appropriative or prescriptive rights only,
but others put all rights on equal footing or otherwise allow allocations associated with overlying rights to be

transferred (Table 2 includes some examples).?™

Results of trading in adjudicated areas

A recent review of California adjudications commissioned by the SWRCB indicates that most transfer activity
has shifted groundwater from overlying agricultural uses to municipalities or other water purveyors.?”! Similar
shifts might be expected to occur if GSAs institute local groundwater markets under SGMA and allow allocations

related to overlying rights to be transferred.
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C. Potential impacts of trades in local groundwater markets

Unrestricted or poorly administered transfers

could result in negative externalities, including the
undesirable results SGMA requires GSAs to avoid.
These can have overlapping spatial, temporal, method
and purpose of use, social, and environmental
dimensions.

1. Spatial dimensions

CONSIDERATIONS:

e How might transfers of groundwater extraction
allocations change the spatial impacts of
pumping and using groundwater?

Spatial patterns of groundwater extraction and use
matter. Transfers that physically move water from one
basin to another can cause negative impacts in the area
of origin. For example, environmental and economic
conditions changed dramatically in Owens Valley after
the City of Los Angeles purchased much of the land
and began to export large amounts of groundwater
from the Valley.”

However, basin exports are not the only concern (and
may be a minor concern for local groundwater markets
developed under SGMA). Groundwater markets

have the potential to redistribute, concentrate, and
qualitatively transform the social and environmental
impacts of pumping.””? Changing the location of
groundwater pumping within a basin can change

its impacts. Pumping, or using, a particular volume

of groundwater in one location may have greater

(or lesser) impacts on people and ecosystems than
pumping or using the same amount of groundwater in
another location.

One important factor is how quickly the aquifer
responds to groundwater extraction. In a simplified
hypothetical basin in which the impacts of pumping
are transmitted instantaneously throughout the
groundwater system, the impacts of groundwater
extraction would not depend upon where pumping
occurred—instead, the primary factor would be the
overall amount of groundwater extracted from the
basin, and groundwater market constraints would
need no further definition beyond a basin-wide cap on
extractions per unit time.”*

However, few groundwater systems are “so transmissive
that the spatial distribution of extraction does not
matter.”””* Even in a basin with uniform subsurface
characteristics, lower transmissivity would cause

cones of depression to develop around groundwater
extraction points. Wells that are close together can
interfere with one another, causing even greater local
drawdown within their overlapping zones of influence.

Similarly, pumping close to interconnected surface
waters has greater potential to cause near-term surface
water depletion than pumping further away.

Another important factor is how conditions vary
across the basin. A broad range of basin characteristics
influences the spatial distribution of impacts

from pumping at any given location.”’® Geologic,
hydrologic, social, and biological factors and patterns
of existing groundwater use can lead some areas of a
basin to be more susceptible to experiencing some of
the undesirable results SGMA seeks to avoid, making
increased pumping in these areas more likely to cause
or contribute to their development. For example:

* Areas experiencing high rates of pumping may
be more susceptible to chronic lowering of
groundwater levels, degraded water quality,
and reductions in the amount of groundwater
in storage. Areas with heavier consumptive
groundwater use may be even more susceptible to
these undesirable results.

* Coastal areas may be more susceptible to water-
quality degradation from seawater intrusion. For
example, coastal areas of the Pajaro Valley are
experiencing increased groundwater salinity caused
by unsustainable levels of pumping that have

pulled the seawater / freshwater interface miles
inland.””

* Areas adjacent to places in which agricultural or
industrial chemicals have been released into soil
or groundwater may be more susceptible to water
quality degradation associated with increased
pumping. Changes in pumping patterns could
cause subsurface contaminant plumes to spread
faster, slower, or in different directions, potentially
impacting the quality of water available in different
parts of the basin.

* Although significant subsidence can occur in
unconfined aquifer systems as well, areas above
confined aquifer systems may be especially
susceptible to compaction that causes land surface
subsidence and a permanent loss of groundwater
storage capacity. The negative repercussions of
subsidence may be amplified in areas with critical
infrastructure or where subsidence exacerbates the
potential for seawater intrusion.

* Pumping in areas adjacent to rivers and other
surface waters may be more likely to cause near-
term depletions of surface water that impact
groundwater dependent ecosystems.”® Increased
extractions in these areas could adversely affect
sensitive animals or plants, for example protected
salmon runs.?”
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GSAs can design trading rules that account for spatial
variation in pumping impacts, being mindful that time
lags (see below) can make understanding the impacts of
pumping in different locations more challenging.

2. Temporal dimensions

CONSIDERATIONS:

e How might transfers of groundwater extraction
allocations change the near-term, long-term,
and delayed temporal impacts of pumping and
using groundwater?

e How might transfers of carried over portions
of groundwater extraction allocations affect
temporal impacts?

Trading rules may need to address temporal issues
including pumping impacts that vary in time, lagging
impacts, and the extent to which carry over of unused
groundwater extraction allocations is appropriate.

Impacts that vary in time

The impacts of groundwater extraction at a particular
location might be different at different times, for
example, during wet vs. dry years, during the spring
vs. the summer, or when no other neighbors are
pumping vs. when many neighbors are pumping at the
same time.”®® Trading rules can be designed to address
this variation by imposing sustainability thresholds,
establishing closure dates during which trading is not
allowed, or requiring compliance with a coordinated
pumping schedule that avoids excessive drawdown.

Time lags between pumping and its impacts

The effects of pumping in a particular location may
take seconds, days, months, or many years to be

felt by other water users or groundwater dependent
ecosystems®®! and may differ for different sustainability
indicators and undesirable results. For example, in

a confined aquifer, head changes may occur across
large distances relatively quickly due to changes in
system pressurization associated with pumping.”* By
contrast, a contaminant plume in the same system
may migrate much more slowly, but may be just as, if
not more, concerning over the longer term.” Time
lags can make it difficult to understand, or to muster
support for addressing, cause and effect relationships
between actions and outcomes.?®* GSAs should work
to understand and address lagging impacts with
appropriate trading rules.

Unintended consequences from carry over

SGMA give GSAs the power to develop accounting
rules that allow unused groundwater extraction
allocations to be carried over and transferred only “if

the total quantity of groundwater extracted in any
five-year period is consistent with the provisions of the
[GSP].”* This provision potentially enables greater
flexibility for conjunctive use, allowing water users

to pump more groundwater during drier years and

to use more surface water during wetter years, but

its implications are not entirely clear.”®® Additionally,
the accuracy of the assumptions that underlie the
accounting rules GSAs develop and the effectiveness
of oversight and enforcement will play critical roles in
their success.

Using a groundwater extraction allocation during the
year in which it was assigned will have different impacts
than carrying over all or part of that allocation and
using it in a later year. If not appropriately managed,
carry over credits could accumulate to dangerous levels
that are incompatible with sustainable management.
For example, in the Fox Canyon groundwater basin,
groundwater users accumulated carry over credits

in excess of the entire sustainable yield of the basin,
causing the management agency to suspend the exercise
or accumulation of credits beginning in 2014.%%

In some basins, there may be adequate unused storage
capacity to accommodate carry over, which could have
largely positive externalities (e.g., raising groundwater
levels, potentially reducing pumping costs, improving
groundwater quality, and helping to maintain
important groundwater / surface water connections).
However, in others, such as basins with little unused
storage capacity or rapid flow-through, carry over and
related withdrawals could be problematic.?®® Therefore,
carry over provisions should be carefully crafted in a
way that acknowledges basin realities and avoids the
buildup of unsustainable levels of carry over credits.

3. Method and purpose of use
dimensions

CONSIDERATIONS:

e How might transfers that change the method
and purpose of use potentially affect the
amount of groundwater consumptively used,
return flows, and recharge? How might they
affect water quality?

Changes in the method or purpose of groundwater use,
as might occur as a result of transfers of groundwater
extraction allocations in a local groundwater market,
can affect the amount and quality of water available to
other users and uses of water in a given hydrogeologic
context. Additionally, different uses may have different
tolerances for reduced water quantity or quality.

Water quantity

All of the undesirable results SGMA requires GSAs to
avoid are directly or indirectly related to groundwater
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quantity.”® Most beneficial uses consume some portion
of the applied water while the remainder becomes
available to others through return flows to surface water
or percolation to groundwater.”® The portion that is
consumptively used includes losses from evaporation
and transpiration; incorporation into biomass by
plants, animals, and people; and contamination.”"

The amount of water rendered unavailable for reuse
varies for different methods of moving and applying
water. For example, more efficient conveyance and
irrigation technologies conserve water by reducing
evaporation and conveyance losses, but they reduce
the amount of return flow and percolation that occurs
per unit of water applied.?”> Covered or enclosed
conveyance infrastructure reduces losses to the
atmosphere (evaporation) while lined canals reduce
losses to groundwater (infiltration). Similarly, irrigation
via drip or micro-sprinkler systems conserves applied
water relative to flood irrigation.”?

The amount of water needed and the amount of water
rendered unavailable for reuse varies for different types
of water use.

Economically valuable permanent crops, like fruit and
nut trees, may offer greater financial returns per unit of
water applied than annual crops, but they also provide
less flexibility in the face of hydrologic uncertainty.?*
They require considerable up-front investments of
resources, and they result in a hardening of water
demand. Permanent crops need water every year to

stay alive, and fallowing them means losing potentially
substantial returns on investments.

Switching from agricultural to municipal groundwater
use may also harden demand and reduce groundwater
recharge. If treated municipal wastewater is not recycled
or intentionally recharged, it is generally discharged
into a waterway that then flows out of the basin. As
urban conservation efforts during and after droughts
have shown, there is still room to improve urban water-
use efficiency by replacing water-guzzling fixtures and
appliances, changing water-wasting behaviors, modifying
landscaping, and developing alternative water supplies
such as stormwater and recycled water.””> However, this
capacity is not unlimited, and it is generally not feasible
to “fallow” a city.

Water quality

Among the undesirable results SGMA requires GSAs
to avoid is significant and unreasonable degradation of
water quality.”® Changes in how water is used and what
it is used for can change the attendant water quality
implications of trading.

Different methods of moving and applying groundwater
and different types of water use can have different effects
on basin water quality. Transfers that shift the method
or type of use can change the water quality impacts in

a basin. For example, in a given hydrogeologic context,
some irrigation methods are more likely to cause
pollutants to build up in soils while others are more

BOX 6. The “no-injury” rule

Water transfers, whether of surface water or groundwater, should not cause injury to other legal users of the
resource. A transfer that reduces the amount or quality of water that would otherwise have been available to
other water rights holders exceeds the scope of the right and is unlawful.?®” For surface water transfers, this
concept is codified in several state statutes. It boils down to the right to transfer only the portion of water that
would otherwise have been consumptively used under the right and, therefore, only the amount that would
already have been unavailable to downstream users (Appendix B). This amount is not straightforward to
measure, but is instead generally inferred based on the facts and circumstances of the transferor’s use.?%

In the context of groundwater transfers, the no-injury rule is supported by the case law that defines groundwater
rights (Parts 111.C and IV.B). By definition, the exercise of an overlying right should not injure other overlying
rights holders by denying them their reasonable share of the basin’s safe yield. Appropriative rights are only
technically available during times of surplus, and more junior appropriative rights must yield to more senior ones.
However, somewhat paradoxically, groundwater use in violation of these rules—in other words, groundwater use
that injures other legal users of groundwater —can result in the acquisition of prescriptive rights.

Separation of the surface water and groundwater rights systems has sometimes meant that the no-injury
analysis for a surface water transfer may not fully account for impacts to groundwater users.?*® Similarly, the
impacts of groundwater pumping and transfers on surface water rights have sometimes been incompletely
addressed. However, this may change in coming years. Existing tools, specifically California’s constitutional
requirement for reasonable use (Part 1l1I.C.3) and the Public Trust Doctrine,*® can be used to help bridge this
gap.®*' GSAs will also need to implement SGMA's requirement to avoid significant and unreasonable adverse

impacts to beneficial uses of surface water.*%
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likely to flush pollutants into groundwater.>® When
water is used to grow crops, keep recreational fields and
golf courses green, or for public or private landscaping,
related fertilizer and pesticide use can contribute to
groundwater contamination.** Similarly, livestock-
related water use can contribute contaminants like
nutrients, antibiotics, and bacteria.’® Other uses, from
fossil-fuel development to residential, commercial, and
industrial use, can produce spills, runoff, and wastewater
that contribute directly or indirectly to groundwater
contamination.

Additionally, different uses may have different tolerances
for reduced water quality. For example, high salinity
water may be inappropriate for agricultural use, nitrate-
laden water poses public health risks, and water that is
too warm may harm fish populations.

4. Social dimensions

CONSIDERATIONS:

e How might transfers of groundwater extraction
allocations negatively affect people within the
basin? Outside the basin?

e \What communities and segments of the
population might be especially at risk of
experiencing, or being negatively affected by,
undesirable results?

Changes in the location, timing, and method and
purpose of water use that accompany groundwater
transfers have the potential to cause adverse social
impacts, which are frequently related to the undesirable
results SGMA seeks to avoid.>* For example, transfers
could cause increased pumping in some areas, leading
local groundwater levels to decline; local groundwater
quality to worsen; to rising pumping costs, poorer
water quality, increased water treatment needs, and
subsidence that damages critical water infrastructure.’”’

Individually and collectively, these impacts can reduce
water affordability, decrease water security, and increase
the vulnerability of already disadvantaged communities
and individuals.?

Groundwater trading can affect different people, and
different segments of a basin’s population, in different
ways. For example, those with shallower wells may
experience greater impacts from increased levels of local
pumping. In some instances, when water is transferred
for use outside of the local community, for the
transferor, “wealth is transformed from water to cash,”
but “everyone else who has been benefiting from the
presence of that water ... in place will be made worse
off, since the water is gone and they receive nothing in
return.”?”

Those likely to be hardest hit include people whose
jobs depend on the presence of water, like agricultural
workers and others who work in agriculture-dependent
communities, especially low-income workers who

lack the resources necessary to move and find

better employment opportunities and community
amenities.”'

Joseph Sax suggested institutionalizing community
interest in water by barring transfers from being
“redistributive to the disadvantage of those in the ...
area [of increased pumping or diversion], both in
human and natural terms,” and requiring the price the
purchaser pays to “take into account all the benefits the
water has produced, not just those that have flowed to
the holders of formal water rights.”"!

BOX 7. California’s Human Right to Water Statute

In 2012, the California legislature passed the Human Right to Water Statute. It declares as state policy

“that every human being has the right to safe, clean, affordable, and accessible water adequate for human
consumption, cooking, and sanitary purposes” and requires state agencies to consider the policy when taking
actions with bearing on these uses of water.2'? DWR and the SWRCB must take the Human Right to Water
into account when developing policies, regulations, and grant criteria.®'® Of particular relevance to groundwater
transfer programs put in place by GSAs is how these state agencies address the Human Right to Water in
developing and updating policies and regulations that govern how they approach adequacy review of GSPs
(and their implementation) and the timing, form, and substance of state intervention efforts. DWR’s Emergency
Regulations for GSPs expressly require DWR to “consider the state policy regarding the human right to water

when implementing the[m].”$'
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5. Environmental dimensions

CONSIDERATIONS:

* How might transfers of groundwater extraction
negatively affect environmental resources?

e \What ecosystems or species might be
especially at risk of experiencing, or being
negatively affected by, undesirable results?

All of the undesirable results described by SGMA
have explicit environmental dimensions. Chronic
lowering of groundwater levels, reduction in storage,
degradation of water quality, seawater intrusion, land
subsidence, and adverse impacts on beneficial uses

of interconnected surface water are all, by nature,
environmental impacts that can affect animals, plants,
and ecosystems in addition to people.®”

GSAs will need to consider how transfers of
groundwater extraction allocations might affect
environmental resources, including sensitive ecosystems
and species, in their basins. What is known and not
known about these resources? To what extent do they
depend on groundwater or on interconnected surface
water? Where will it be important to avoid increasing
pumping? Where might species be at risk from reduced
pumping (e.g., where fallowing agricultural land to
make water available for transfer could harm species
that have become dependent on local agricultural water
use, like the giant garter snake®'¢)?

KEY TAKEAWAYS

Unrestricted or poorly administered transfers
could result in negative externalities, including

the undesirable results SGMA requires GSAs

to avoid. These can have overlapping spatial,
temporal, method and purpose of use, social, and
environmental dimensions.

D. Trading rules

CONSIDERATIONS:

e How will rules sufficiently address the various
dimensions of potential trading impacts?

e How might rules minimize the negative—and
maximize the positive —impacts of trades”?

e How will rules address information gaps and
uncertainty?

If a GSA decides to employ a local groundwater
market, it will need to establish and enforce rules to
ensure that trades are lawful and sufficiently address
the potential trading impacts discussed above. Rules
should ensure that each trade would maintain or
improve basin sustainability.>’” They can be tailored
to basin conditions and goals in a way that maximizes
the positive impacts of trades on third parties and the
environment.

Table 4 provides examples of the types of rules GSAs
might use to ensure that trades in local groundwater
markets based on transfers of groundwater extraction
allocations further sustainable management.

Trading ratios can be established to address differences
in the likely impacts of increasing (or decreasing)
pumping in different locations (Figure 4). For
example, if groundwater dependent ecosystems are
more stressed in the buying area—where increased
extraction would occur after the trade—than in the
selling area, then the trade is barred. If groundwater
dependent ecosystems are more stressed in the selling
area than in the buying area, the trade can proceed
but is subject to the applicable trading ratio. If
groundwater dependent ecosystems in the buying
area are also stressed, the buyer pumps some fraction
less water than the seller could have pumped, absent
the trade. If groundwater dependent ecosystems are
not stressed in either area, the buyer pumps the same
amount the seller could have pumped. Finally, if
groundwater dependent ecosystems in the selling area
are stressed, while ecosystems in the buying area are
not, the buyer might be allowed to pump some fraction
more water than the seller could have pumped.

While trading rules may increase some transaction
costs associated with groundwater trading,’'® they

may decrease others. If rules are clear and well
understood by groundwater users, they can enhance
the predictability and transparency of the transfer
approval process and reduce the administrative burdens
on management agencies.

KEY TAKEAWAYS

GSAs may need to establish trading rules,

tailored to basin needs, to ensure that trades
minimize negative impacts to third parties and the
environment and further sustainable management.
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TABLE 4. Examples of potential trading rules for local groundwater markets based on transfers of groundwater
extraction allocations.?"®

Rule basis Examples

Consumptive use
limitation

Only the amount of the groundwater extraction allocation that would otherwise have been
consumptively used is available for transfer.

Trading zones

Trading zones can be defined to increase the net social and environmental benefits of transfers
of groundwater extraction allocations.

Specific transfer restrictions (see other rules) can apply to trading within a zone.

Specific transfer restrictions (see other rules) can apply to trading between zones.

Trading ratios
(exchange rates)

Trading ratios can be calculated to ensure that transfers of groundwater extraction allocations
result in social or environmental benefits. The buyer receives the right to pump less, or more,
groundwater than the seller could have pumped based on the relative impacts of pumping and
use in each location. For an example, see Figure 4.

Directional restrictions

Over time, “sell-only” zones can progressively create low-groundwater-extraction buffers around
groundwater dependent ecosystems, disadvantaged communities that rely on groundwater, or
other sensitive areas.

Cumulative extraction
limits

Transfers of groundwater extraction allocations that would cause cumulative extractions in the
basin or trading zone to exceed an overall pumping limit are not allowed.

Spatial concentration
limits (general)

Trading of groundwater extraction allocations is allowed up to a proportional or volumetric limit
(e.g., allocations amounting to up to a specific percentage of the cap may be traded), and
higher extraction fees apply in areas of concentrated pumping.

Spatial concentration
limits (specific)

Trading restrictions are designed to limit the concentration of pumping near sensitive areas (e.g.,
limits on total extractions allowed within a particular distance of a stream or other groundwater
dependent ecosystem or within a particular distance of a disadvantaged community that relies
on groundwater).

Hydrologic connectivity

Trading can occur only within hydrologically connected areas.

Sustainability thresholds

Trading is prohibited when a sustainability indicator crosses a specified threshold.

Closure dates

Trading is prohibited during specified time periods.

Carryover limits

Unused portions of groundwater extraction allocations that are carried over can be traded
within a specified number of years, at a specified ratio (e.g., 1/X of the original amount), up to a
specified volume (e.g., not to exceed a specific percentage of the seller’s seasonal allocation),
and/or up to a specified cumulative volume (e.g., not to exceed a specific percentage of the
overall pumping limit).

FIGURE 4. Trading ratios could be designed to protect groundwater dependent ecosystems.*?° For example,
proposed transfers of groundwater extraction allocations to buyers in areas with more stressed groundwater dependent
ecosystems (GDEs) could be barred to avoid increasing the stress on those GDEs. On the other hand, a transfer from an
area with stressed GDEs to an area without stressed GDEs might entitle the buyer to pump more groundwater than the
seller could have pumped, while a transfer to an area with less stressed GDEs might be allowed to go forward, but might
entitle the buyer to pump less than the seller could have pumped.

Incresing stress in the buying area

A

NO
TRANSFER

- TRANSFER
7 LESS THAN 100%

Equal stress in buying and selling areas

NO TRANSFER, if the trade would shift groundwater extraction from an area
with less stressed GDEs to an area with more stressed GDEs.

TRANSFER LESS THAN 100% of the amount the seller could have pumped, if
the trade would shift groundwater extraction from an area with more stressed
GDEs to an area with less stressed GDEs.

TRANSFER MORE THAN 100% of the amount the seller could have pumped,
if the trade would shift groundwater extraction from an area with stressed GDEs
to and area without stressed GDEs.

TRANSFER 100% of the amount the seller could have pumped, if the trade

- ®

would shift groundwater extraction between two areas without stressed GDEs.

Increasing stress in the selling area
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E. Trading system and transfer approval process

CONSIDERATIONS:

e How will potential buyers and sellers find one
another?

e What will the transfer approval process involve?

- What environmental review will be needed
for proposed transfers of groundwater
extraction allocations? Will long-term or
permanent transfers be allowed, and, if so,
how will this affect environmental review
requirements?

- How will the approval process address
potential impacts to other water rights?

e How and when will the parties to a transfer
demonstrate that they meet environmental
review, and other, requirements?

e How will trading rules be operationalized? If an
electronic trading platform will be used, who will
design, operate, and maintain it?

e How will completed transfers be tracked and
confirmed?

e What trading-related information will be
available to the public, when, and in what
format?

Once trading rules are established, parties that are
interested in participating in a groundwater transfer
program will need to find one another, determine
whether (and under what conditions) a trade is
possible, demonstrate that they meet environmental
review (Table 1, Appendix B) and other applicable
requirements, obtain GSA approval, and implement
the trade. Therefore, GSAs will need to consider how
to structure the trading system and transfer approval
process to minimize participants’ transaction costs
and maximize their compliance with trading rules and
other requirements.

While trades can be arranged individually by
parties, the transaction costs of ad hoc trades can be
high.*?! Some form of market intermediary, like an
exchange or broker, may be helpful. An exchange is
a trading platform that matches buyers with sellers
and coordinates documentation required for trade
approval.??? Exchanges can use automated matching
processes or serve as simple bulletin boards that
allow parties to peruse potential trading partners.
They can be designed to facilitate one-to-one trades,
pooling of offers to buy and sell, or both.?** Private
brokers are intermediaries that explore potential
trading options for their clients and complete required

323

documentation.’” They can use proprietary trading
platforms or publically accessible exchanges to conduct
trades.?°

Markets are not efficient or effective when both of

the parties to a trade do not know enough to make

an informed decision or when there is a significant
power differential between the parties.”” A well-
designed electronic exchange can help level the field by
minimizing information asymmetry, reducing market
bias, and efficiently operationalizing complex sets of
trading rules.””® An electronic trading platform can
simplify the process of tracking trading rules, ensuring
that trades comply with them, providing timely price
information, and helping qualified potential market
participants find one another. However, they are not
always transparent, or as efficient as they could be.*”

KEY TAKEAWAYS

GSAs will need to consider how to structure the
trading system and transfer approval process

to minimize participants’ transaction costs and
maximize their compliance with trading rules and
other requirements, including environmental review.
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V. General considerations

Beyond the foundational considerations and market-
specific considerations outlined above, a suite

of additional considerations is important for all
groundwater sustainability programs. For example,
GSAs will need to establish and maintain monitoring
systems that help them understand how program
activities affect basin conditions. They will need to
exercise oversight and enforcement authority to ensure
compliance with program requirements, evaluate
program effectiveness, and address problems by making
needed changes. Transparency and public engagement
will be important throughout. Finally, developing and
implementing sustainability programs will require
sufficient resources, including human capacity, physical
and technological infrastructure, and funding.

These considerations are as critical for local
groundwater markets as for other sustainability
programs. Any contrary assumption would be
misplaced.

A. Monitoring

CONSIDERATIONS:

e \What is known about the physical and temporal
relationships between groundwater extraction,
groundwater use, and basin conditions? How
do these relationships vary across the basin?

e What is known about how other factors,
such as changes in climate or land use, have
affected basin conditions in the past and are
likely to affect them in the future?

e Going forward, how will changes in basin
conditions be monitored?

- How will the impacts of groundwater
extraction and use in general, and the
impacts of transfers of groundwater
extraction allocations in particular, be
monitored?

- What new technical expertise will be needed
to monitor basin conditions and understand
the effects of transfers?

As is often observed, you can't manage what you don’t
monitor.”’ Ongoing measurement of groundwater

extractions (Part IIl.A) and monitoring and modeling
of basin conditions are foundational requirements for

sustainable management.?*' GSAs, basin stakeholders,
and state regulators need to understand the movement
of groundwater within the basin and the impacts

of management decisions on basin resources and
undesirable results. They need to be able to estimate
how changes in climate and land use have affected
basins conditions in the past and are likely to affect
them in the future. Finally, they need to be able to
evaluate whether the programs, systems, and rules
GSAs put in place are adequate and being implemented
in a way that actually achieves program goals.

The quality and coverage of existing information

about basin conditions varies substantially across the
state. Although strides have been made in developing
groundwater information in recent years, there is still
considerable room for improvement.*” For example, in
response to a 2009 legislative mandate, the California
Statewide Groundwater Elevation Monitoring
(CASGEM) Program now provides critical information
about seasonal groundwater levels in many basins
around the state, including much recently incorporated
historical data.*® But its coverage is incomplete, and
groundwater level monitoring does not address the full
range of undesirable results SGMA seeks to avoid. In-
depth studies exist for some areas of the state and for
some sustainability indicators,* but very little is known
about others. Significant gaps remain.**

GSAs will need to develop monitoring programs

to understand changing basin conditions; how
groundwater extraction, groundwater use, and
management actions impact sustainability indicators;
and progress toward meeting sustainability goals.
DWR’s Emergency Regulations for GSPs require each
GSA to “develop a monitoring network capable of
collecting sufficient data to demonstrate short-term,
seasonal, and long-term trends in groundwater and
related surface conditions, and yield representative
information about groundwater conditions as necessary
to evaluate Plan implementation.”*” The regulations
set out requirements for each sustainability indicator,
shown in Table 5. As this report discusses, impacts can
vary significantly in time and in space, as well as by the
method or purpose of groundwater use (Part IV.C).

Monitoring will be essential for helping GSAs
understand trading impacts and externalities.?*® It
should be targeted to address questions like: How
much groundwater is being pumped in the basin?
When? Where? How is it being used? What are the
impacts of pumping on basin conditions in space and
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time? How might transfers change these impacts? How
have transfers changed these impacts? Many trading
impacts may have complex indirect relationships with
groundwater pumping, and so may be difficult to
monitor.

Additional infrastructure and technical expertise may
be needed to support monitoring and modeling to
understand the effects of transfers on basin conditions.
Examples include meters on individual production
wells, public monitoring wells, stream gauges, and
computing hardware and software to help organize
and analyze data. As Part lll.A explained, SGMA
authorizes GSAs to require pumpers to meter and
report their annual extractions. However, GSAs may

need more detailed extraction data (e.g., reported on
a monthly basis) to adequately understand seasonal
variations in groundwater demand and the interaction
of pumping and basin conditions.

KEY TAKEAWAYS

GSAs will need to develop monitoring programs
to understand changing basin conditions; how
groundwater extraction, groundwater use,

and management actions—including transfer
programs—impact sustainability indicators; and
progress toward meeting sustainability goals.

TABLE 5. What must monitoring accomplish for each sustainability indicator?3*®

Sustainability

indicator

Requirement

Chronic lowering of
groundwater levels

each principal aquifer.

Demonstrate groundwater occurrence, flow directions, and hydraulic gradients between principal aquifers
and surface water features by the following methods:

(A) A sufficient density of monitoring wells to collect representative measurements through depth-
discrete perforated intervals to characterize the groundwater table or potentiometric surface for

(B) Static groundwater elevation measurements shall be collected at least two times per year, to
represent seasonal low and seasonal high groundwater conditions.

Reduction of
groundwater
storage

Provide an estimate of the change in annual groundwater in storage.

Seawater intrusion

Monitor seawater intrusion using chloride concentrations, or other measurements convertible to
chloride concentrations, so that the current and projected rate and extent of seawater intrusion for each
applicable principal aquifer may be calculated.

Degraded water
quality

Collect sufficient spatial and temporal data from each applicable principal aquifer to determine
groundwater quality trends for water quality indicators, as determined by the [GSA], to address known
water quality issues.

Land subsidence

Identify the rate and extent of land subsidence, which may be measured by extensometers, surveying,
remote sensing technology, or other appropriate method.

Depletions of
interconnected
surface water

Monitor surface water and groundwater, where interconnected surface water conditions exist, to
characterize the spatial and temporal exchanges between surface water and groundwater, and to
calibrate and apply the tools and methods necessary to calculate depletions of surface water caused by
groundwater extractions. The monitoring network shall be able to characterize the following:

(A) Flow conditions including surface water discharge, surface water head, and baseflow contribution.

(B) Identifying the approximate date and location where ephemeral or intermittent flowing streams and
rivers cease to flow, if applicable.

(C) Temporal change in conditions due to variations in stream discharge and regional groundwater
extraction.

(D) Other factors that may be necessary to identify adverse impacts on beneficial uses of the surface
water.
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B. Oversight and enforcement

CONSIDERATIONS:

e How will compliance with limits on overall
groundwater extractions be tracked and
ensured?

e How will compliance with groundwater
extraction allocations, trading rules, and other
program requirements be tracked and ensured?

- How will voluntary compliance be
encouraged?

e How will fair and consistent enforcement of
groundwater extraction allocations, trading
rules, and other program requirements be
achieved?

Effective oversight and enforcement will be critical for
implementing all groundwater sustainability programs,
including local groundwater markets, successfully.

For programs that limit groundwater pumping, GSAs
will need to ensure compliance with overall limits

on groundwater extractions and with individual
groundwater extraction allocations. GSAs that employ
groundwater markets will also need to ensure that
transfers actually comply with applicable trading

rules and other requirements. Timely and accurate
measurement and reporting of groundwater extractions
(Part II.LA) will allow regulators to identify and take

appropriate enforcement actions for violations.

GSAs’ enforcement activities must be viewed as
legitimate and credible.* They can promote voluntary
compliance and shared resource stewardship through
their actions.**' GSAs need to engage in active oversight
of metering and reporting requirements, groundwater
extraction allocations, trading rules, and other program
requirements coupled with timely and appropriate
enforcement to correct violations.* They also need

to hold themselves to the overall extraction limits
developed for the basin and for any management

areas. GSAs can maintain guidance that explains what
is required of market participants, and why. Explicit
enforcement policies, priorities, and procedures can also
help establish clear expectations for transfer participants,
as can information about the circumstances and
outcomes of actual enforcement actions.

KEY TAKEAWAYS

GSAs will need to exercise effective oversight and
ensure adequate enforcement of their sustainability
programs, including groundwater markets. They
will need to ensure that pumpers comply with

their groundwater extraction allocations and that
transfers actually comply with applicable trading
rules and other requirements.

C. Evaluation

CONSIDERATIONS:

e \When and how will program decisions and
processes be evaluated?

e How will the assumptions and models
that underlie limits on overall groundwater
extractions, groundwater extraction allocations,
and trading rules be assessed?

e How will the success of sustainability programs
be evaluated?

A key component of any sustainability program is
periodic evaluation of how well it is working. GSAs
bear primary responsibility for evaluating program
effectiveness and the assumptions and models that
underlie limits on total groundwater extractions,
groundwater extraction allocations, trading rules, and
other aspects of their sustainability programs. SGMA
requires GSAs to periodically evaluate “whether

the actions under the plan are meeting the plan’s
management objectives and whether those objectives
are meeting the sustainability goal in the basin.”**
GSAs must also “assess changing conditions” and other
information “that may warrant modification of the
plan or management objectives.”**

In addition to periodic evaluation, it will be helpful
to identify specific triggers, like negatively trending
sustainability indicators, that can help GSAs catch
potential problems in the making.

GSAs will need to identify what methods and criteria
they will use to evaluate their programs. For example,
how will they determine to what degree a local
groundwater market is actually furthering sustainability
and contributing to progress toward achieving
measurable objectives? GSAs need to efficiently

process and use the critical feedback they receive

about the impacts of local groundwater markets from
monitoring, modeling, and oversight activities.
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A second layer of responsibility for evaluation rests at D. Modification
the state level. SGMA tasks DWR and the SWRCB
with ensuring that each basin achieves necessary

milestones and, ultimately, basin sustainability CONSIDERATIONS:
(Box 8). This includes periodically reviewing and
evaluating the adequacy of GSPs and GSA’s actual

implementation efforts.’*

e \When and how will program elements and
processes be updated?

e \What mechanisms will trigger or enable

If evaluation suggests local groundwater markets are changes to sustainability programs that

not meeting benchmarks—or that the assumptions and respond to lessons learned, new information,
models underlying extraction limits, allocations, and and increased understanding of basin
trading rules have not borne out—GSAs will need to conditions?

implement modifications.

Timely adoption of needed improvements will be

KEY TAKEAWAYS critical to the success of groundwater sustainability
346
GSAs should establish time lines or triggers and programs.
evaluation criteria to measure progress towards It would be difficult for GSAs to design programs
sustainability program goals and determine whether that, right from the start, fulfill expectations and
changes are needed. continue to do so, without any modifications, into

the future. Evaluations may reveal that sustainability

BOX 8. State guidance, oversight, and intervention will form an important backstop by

ensuring that local groundwater markets actually further sustainable management.

Although GSAs are tasked with the bulk of the work of sustainably managing medium- and high-priority
groundwater basins, two state agencies also have important roles to play in SGMA implementation. DWR and
the SWRCB have the authority and the responsibility to ensure that plans developed and implemented under
SGMA—including local groundwater markets —are successful. For SGMA to be effective, DWR and the SWRCB
must fully inhabit their critical guidance, oversight, and intervention roles.

Guidance — Implementing SGMA presents GSAs with a host of challenges that most water managers have not
faced before. In this context, state-level coordination and dissemination of guidance could be crucial. A local
groundwater market based on transfers of groundwater extraction allocations is one of many tools potentially
available under SGMA that is sorely in need of additional guidance. DWR is responsible for laying the ground
rules for GSAs through regulations,®” developing best management practices for sustainable groundwater
management,®*® and providing other important information.®* It would be helpful for DWR to develop (or
highlight) best management practices or other guidance for evaluating the utility of, designing, and implementing
local groundwater markets. Both a set of general considerations (like those outlined in this report and
summarized in Table 6) and a series of specific examples or illustrative scenarios would help GSAs to translate
groundwater transfer authority from promising theory into effective practice.

Oversight — If a GSA includes a local groundwater market in its GSP, it will be reviewed for adequacy.®°
DWR, in consultation with the SWRCB, will determine whether the plan appears likely to achieve sustainable
management.®®! After implementation begins, these agencies must then determine whether implementation
efforts are adequate.®*? In either case, a timely and robust state response could drive needed improvements.

Intervention — Finally, the SWRCB has the power to intervene in basin management if GSAs do not meet their
responsibilities. The SWRCB has the authority to put a basin on probation if planning deadlines are missed,

if plans are inadequate, or if plan implementation efforts fall short in ways that are likely to jeopardize the
achievement of sustainable management.®*® After a waiting period, the SWRCB can develop and implement an
interim management plan until GSAs work through their problems.%>

How SWRCB intervention in basin management will play out is not yet clear. GSAs may choose to emphasize
projects that increase water supply or to implement a mix of projects and programs that increase supply and limit
demand. However, the SWRCB has flagged that its intervention efforts will likely “focus on demand management
(i.e., pumping restrictions) to reduce water use to meet a sustainability goal” and that “[m]etering of extractions
will be necessary to verify compliance with pumping restrictions, will be at the pumper’s expense, and will

include associated reporting and extraction fees.”*® This is further reinforcement of the idea that GSAs looking

to implement local groundwater markets will need to build in foundational metering / measurement requirements
and exercise adequate oversight and enforcement in order to satisfy state regulators.
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programs are not meeting critical objectives or that
there are problems with the assumptions and models
that underlie limits on total groundwater extractions,
groundwater extraction allocations, trading rules,

or other aspects of sustainability programs. Initial
information about basin conditions will be less than
optimal in many areas, and changes in information
quality, climate, water demand, and groundwater
management activities will create a constantly shifting

playing field.

GSAs will need to adaptively manage their programs
to ensure that they remain on track to achieve
sustainability goals. Over time, GSAs will develop
deeper knowledge of the basins they manage and

gain on-the-ground experience implementing their
sustainability programs. Monitoring management
impacts and evaluating progress towards meeting
specific measurable objectives will inform their
selection and modification of management
strategies.”® Linking consideration of program
modifications to the results of program evaluations
can help ensure that critical short-comings are
identified and appropriately addressed. This structured
exploration is one of the primary features that
distinguishes adaptive management from simple

trial and error.’” For example, in Australia’s Murray-
Darling Basin, volumetric caps on water use within
resource management units must be periodically
evaluated to determine whether “environmental, social
and economic outcomes [would be] ... maintained or
improved by making adjustments.?®

Some assumptions and decisions will be tested and
found wanting, while others will hold firm. A GSA’s
growing knowledge base may support revisions to
program components. For a local groundwater market,
these components could include: the boundaries of
basin management areas, models, overall groundwater
extraction limits and individual allocations, market
goals, trading rules, transfer approval processes, the
trading system, monitoring and modeling protocols,
oversight and enforcement activities, methods and
triggers for evaluation, modification procedures,
mechanisms for information sharing and stakeholder
engagement, and what human capacity, infrastructure,
and financial resources are needed to effectively design
and implement the program.

While sudden disruptive changes to a sustainability
program could be problematic, GSAs can do scenario
and contingency planning to think through what types
of changes might be necessary under different sets of
circumstances and how to implement them in ways
that minimize negative consequences. For example,
GSAs might limit adjustments within an established
range or make more substantial changes incrementally,
in phases.

KEY TAKEAWAYS

GSAs will need to adaptively manage local
groundwater markets and other sustainability
programs to ensure that they actually contribute to
sustainable management.

E. Transparency and public
engagement

CONSIDERATIONS:

e How will information relevant to developing
and implementing sustainability programs be
communicated to the public?

e How will broad and meaningful public
engagement in program development,
implementation, and evaluation be ensured?

e What information about the actual operation
of sustainability programs (e.g., about market
transactions) will be available and in what
contexts?

e What information will be shared about program
oversight, enforcement, evaluation, and
modification activities? How and when will this
information be shared?

Robust public engagement, and the transparency

it requires, will be critical for deciding whether a

local groundwater market is an appropriate tool for
achieving sustainable management in a particular area
and for developing and implementing a successful
program. During program development, robust
engagement processes can provide critical information,
diverse perspectives, and creative ideas that help

GSAs craft more effective management solutions, all
while cultivating broad stakeholder support. During
program implementation, stakeholder engagement
will be important for evaluating how well the program
is working, whether and what changes are needed,
and whether initial assumptions actually bear out in
practice.

GSAs will be making decisions that affect a broad
spectrum of stakeholders, including the general public,
in the basins they manage. There are many reasons

for GSAs to engage these stakeholders directly in
developing, implementing, and evaluating its GSPs
and programs, including those related to groundwater
markets.?*

First, the law requires it. SGMA calls on GSAs to
engage the public in decision making. Each GSA
must publicize how interested parties can participate
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in GSP development and implementation®® and must

also “encourage the active involvement of diverse social,
cultural, and economic elements of the population
within the groundwater basin prior to and during the
development and implementation of the [GSP].”*!
These “elements of the population” are wide ranging,
as SGMA requires GSAs to “consider the interests of
all beneficial uses and users of groundwater, as well

as those responsible for implementing [GSPs].”3*
SGMA’s non-exhaustive list of these interests spans
those with overlying groundwater rights, agricultural
users, domestic well owners, municipal well operators,
public water systems, local land-use planning

agencies, environmental users of groundwater, users

of surface water that has hydrologic connections with
groundwater, federal government entities, California
Native American tribes, disadvantaged communities,
and entities that monitor and report groundwater
elevations.>® Anyone who submits a written request to
a GSA will be placed on the agency’s list of “interested
persons” who will automatically receive “notices
regarding plan preparation, meeting announcements,
and availability of draft plans, maps, and other relevant
documents.”** Additionally, a GSA must hold a public
hearing before adopting or amending a GSP.*

Second, broad and meaningful public participation
can help GSAs do their jobs better. Stakeholders of
all types have the potential to contribute additional
information, insights, perspectives, and suggestions.
Engagement can occur on a number of levels, ranging
in formality and depth. For example, SGMA allows
GSAs to organize one or more advisory committees
composed of “interested parties” to help them develop
and implement GSPs.>*® DWR has long encouraged
groundwater management entities to establish advisory
committees.*®’

Finally, public participation is closely linked to
perceptions of transparency and fairness. The decisions
GSAs make could negatively impact some parties while
positively impacting others. The absence of broad

and meaningful®® stakeholder engagement can create

a perception that decisions are being made behind
closed doors in a way that favors limited stakeholder
interests.*® For example, in the Paso Robles Basin,
voters recently turned down the creation of a Special
Act district to manage area groundwater because it was
seen as developed and supported by a narrow range of
interests.””® Although it can be challenging to achieve,
sincere commitment to robust public engagement will
increase public acceptance of and confidence in a GSA’s
decisions and decrease the likelihood and severity of
future conflicts over these decision, and water resource
management more broadly.*”!

Meaningful public engagement is a two-way street that
requires ongoing investments of time and resources on
the part of GSAs. In order to make it work, GSAs will
need to actively provide information and education to

the public regarding SGMA, basin conditions, SGMA
implementation options and their potential impacts,
and specific decisions and their actual impacts.”’”> They
will need to reach out to and seek input from groups
and individuals with diverse interests and perspectives,
providing accessible venues and formats for public
input and feedback.””> GSAs can build thoughtful
solicitation and consideration of public comments and
suggestions into each step in their decision-making
processes.

KEY TAKEAWAYS

Robust public engagement, and the transparency
it requires, will be critical for deciding whether a
local groundwater market is an appropriate tool for
achieving sustainable management in a particular
area and for developing and implementing a
successful program.

F. Resources

GSAs will need adequate human capacity,
infrastructure, and financial resources to carry out their
responsibilities under SGMA, including analyzing
basin conditions and developing and implementing a
suite of sustainability programs to achieve sustainable
management.

1. Human capacity

CONSIDERATIONS:

e What skills and expertise will be needed to
design and implement effective sustainability
programs”?

e How will these capacities be developed or
accessed?

To successfully implement SGMA, GSAs will need to
develop or access a range of skills and expertise. For
GSAs that employ local groundwater markets, these
include the following human capacities:*’

* Technical experts who can design and maintain
monitoring systems and other infrastructure;
collect, analyze, and interpret monitoring
data; model basin history and the potential
consequences of different management options
for basin groundwater resources; identify
sustainability indicators, minimum thresholds,
measurable objectives, and interim milestones
to gauge undesirable results and progress toward
sustainability; translate these into overall pumping
limits (including sustainable yield for the basin)
and, in the case of local groundwater markets,
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trading rules that appropriately account for changes
in the method and purpose of use, spatial issues,
and temporal issues.

* Legal and policy experts who can help identify
and address applicable local, state, and federal
law; develop management plans that include
effective regulatory controls; navigate legal
ambiguities associated with groundwater rights;
design an effective transfer approval process and
trading system; establish appropriate oversight,
enforcement, evaluation, and modification
protocols; assist with developing transparency and
public engagement protocols; and investigate non-
compliance and carry out enforcement actions.

* Communication experts who can facilitate broad
and meaningful public engagement during both the
planning and implementation phases of GSPs by
sharing technical and legal information in accessible
ways and soliciting input on potential future actions
and feedback on past or ongoing actions from
diverse stakeholders; and interact effectively with
regulated groundwater users.

* Management experts who can run the GSA
efficiently and effectively and coordinate with other
GSAs and other local and state agencies.

* Financial experts who can develop funding sources
and mechanisms.

Some of these capacities will be needed in-house,
while others could be accessed through consultants or
through technical assistance from other local agencies

or DWR.3»

2. Physical and technological
infrastructure

CONSIDERATIONS:

e What infrastructure will be needed to carry out
sustainability programs?

- What infrastructure will be needed to
measure groundwater extraction and use?

- What infrastructure will be needed to
monitor basin conditions and understand
the effects of transfers?

- What computing hardware and software will
be needed to organize and analyze data,
develop models, etc.?

GSAs will need to ensure that there is adequate
physical and technological infrastructure to support
their sustainability programs. Examples include meters
on individual production wells, monitoring wells,
stream gauges, and computing hardware and software.

3. Funding

CONSIDERATIONS:

e How will sustainability programs be funded?

Finally, GSAs will need to secure funding to support all
aspects of their sustainability programs.?’® This includes
monitoring infrastructure, land and facilities purchases,
staff salaries and consultant fees, public education and
outreach expenses, computing hardware and software,
operation and maintenance costs, among other things.

Some expenses—Ilike the purchase, installation, and
maintenance of meters—may be most effectively
funded directly by groundwater users on an
individual basis. Similarly, those participating in

local groundwater markets can cover costs specifically
associated with their transactions, like the transfer
approval process and expenses related to transfer
oversight. Other expenses, like capital expenditures,
may be well-suited to grant or bond support. Still
others may be better-suited to an ongoing source, like
groundwater extraction fees or other groundwater-
management-related fees. This includes expenses related
to initial GSP development and ongoing expenses

like program design and program implementation,
including monitoring, oversight and enforcement,
evaluation and modification efforts, and infrastructure
operation and maintenance. There is currently
significant legal ambiguity surrounding the use of fees
as a funding mechanism in light of the constraints on

local agencies introduced by Propositions 13, 218, and
26377

KEY TAKEAWAYS

GSAs will need adequate human capacity, physical
and technological infrastructure, and financial
resources to carry out their responsibilities under
SGMA.
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VI. Conclusion

As they develop paths to achieving sustainable
groundwater management, GSAs and the stakeholders
they serve will need to analyze a range of management
options, comparing the expected benefits and burdens
of each.

This report aims to help GSAs and other stakeholders
gauge the viability one of many potential tools they
might use to achieve sustainable management under
SGMA: local groundwater markets. SGMA potentially
opens the door for local groundwater markets based
on transfers of groundwater extraction allocations.
However, it does not provide guidance about the
circumstances under which specific transfers, or a
transfer program more generally, might be useful and

appropriate additions to GSAS’ sustainability programs.

While, in the abstract, relying on markets may sound
like a straightforward and politically palatable solution
to local groundwater management challenges, our
research suggests that GSAs should approach them
with a cautious, analytical eye. Factors like local
climate, geology, hydrology, ecological resources

and needs, legal requirements, social and economic
conditions, and basin goals will affect market viability.
These factors may vary significantly from basin to
basin, as well as within a single basin.

We outline a set of considerations (summarized

in Table 6) designed to help GSAs and others
evaluate whether a local groundwater market based
on transfers of groundwater extraction allocations
might be a viable sustainable management tool in a
particular groundwater basin. These considerations
are organized into three groups: (1) foundational
considerations shared in common with other programs
that limit groundwater pumping, (2) market-specific
considerations, and (3) general considerations that
are important for all groundwater sustainabilicy
programs. When discussing these considerations, the
report points out legal ambiguities and other sources
of uncertainty that may present challenges for those
seeking clarity about market programs.

Cross-cutting observations include the following:

* GSAs are responsible for ensuring that their
sustainability programs, including local
groundwater markets based on transfers of
groundwater extraction allocations, contribute to
sustainable management under SGMA.

* Whether a local groundwater market might be a
viable tool for furthering sustainable management
of a particular groundwater basin will depend on a
host of basin-specific factors.

*  Well-designed and implemented local groundwater
markets could potentially contribute to socially,
environmentally, and economically desirable
reallocation of groundwater resources in some
basins.

* Carefully designed trading rules will be needed
to ensure that trades support progress toward
sustainability and sufficiently address negative
impacts to third parties and the environment.

* Local groundwater markets may not be viable
management options where the potential impacts of
trading are not well understood, where trading rules
cannot sufficiently address negative externalities, or
where—relative to other management options—the
expected benefits of a market do not outweigh the
burdens and uncertainties associated with designing
and implementing it.

*  GSAs will need to consider the relationship
between groundwater rights and groundwater
extraction allocations when establishing allocations
and developing transferability rules.

* Effective monitoring, oversight and enforcement,
adaptive management of all aspects of the program
will be crucial for market success.

* Developing and implementing a local groundwater
market that successfully furthers sustainable
management under SGMA will require significant
ongoing effort.

In conclusion, although markets are no panacea, they
have the potential to further sustainable management
in some basins. Well-designed and implemented
markets that are geared toward minimizing the
negative, and maximizing the positive, impacts of
trades could play a role in efficiently reallocating
groundwater extraction and use to achieve better
alignment with sustainability goals in many basins.
However, for some GSAs, a local groundwater market
may not be viable.

As California’s experiment with sustainable
groundwater management enters its next phase,
whether and how local groundwater markets might
play a role in achieving basin sustainability will

be questions of interest to GSAs, the stakeholders
they serve, and state agencies with oversight

and intervention responsibilities. We hope the
considerations and analysis outlined in this report
help inform basin-specific answers and, ultimately,
the development of effective sustainability programs
around the state.
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TABLE 6. Critical considerations for local groundwater markets under SGMA. To successfully design and

implement local groundwater markets that further sustainable management under SGMA, GSAs will need to analyze and

appropriately address a set of complex, interwoven considerations grouped here into three categories: (1) foundational
considerations, (2) market-specific considerations, and (3) general considerations.

1. Foundational considerations

Measuring
groundwater
extractions

What is known about historical groundwater extraction and use in the basin?
How well understood are current patterns and volumes of groundwater extraction and use?

How will groundwater extraction and use be measured going forward?

Setting overall
pumping limits

How will the total amount of groundwater that may be pumped from the basin (and, if appropriate,
from different management areas) be determined?

- What sustainability indicators, minimum thresholds, measurable objectives, and interim
milestones will be used to gauge undesirable results and progress toward sustainability?

- How will these be translated into sustainable yield for the basin and, if appropriate, to
extraction limits for different management areas?

Establishing
individual
groundwater
extraction
allocations

What is the relationship between groundwater extraction allocations and common-law
groundwater rights?

How adversarial are basin stakeholders? How open to cooperative solutions are they?
What factors will be used to determine individual groundwater extraction allocations?

To what extent should differences in the characteristics of groundwater rights be accounted
for in the allocation process? Under conditions of overdraft, will appropriative users still receive
allocations? How will probable prescriptive uses be addressed?

How will the allocation system address the dormant overlying rights of landowners not currently
making overlying use of groundwater? How will it address landowners that want to begin new
overlying uses in the future?

What groups would benefit most, and least, from different allocation options?

How should return flows to surface water or percolation to groundwater from the use of imported
and native surface water be addressed?

Will those issued allocations be able to carry over some or all of an unused portion for future use?
If so, how much, for how long, and under what conditions?
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2. Market-specific considerations

Market goals e What is the market intended to accomplish (or avoid)?
e How will the market complement or reinforce other sustainability programs?

e How will market success be measured?

Groundwater rights e To what extent should the characteristics of groundwater rights affect the transferability of
questions groundwater extraction allocations?

e How might transfers of groundwater extraction allocations injure other water users?

Potential trading Spatial e How might transfers of groundwater extraction allocations change the
impacts dimensions spatial impacts of pumping and using groundwater?
Temporal * How might transfers of groundwater extraction allocations change the
dimensions near-term, long-term, and delayed temporal impacts of pumping and using
groundwater?

e How might transfers of carried over portions of groundwater extraction
allocations affect temporal impacts?

Method and e How might transfers that change the method and purpose of use potentially
purpose affect the amount of groundwater consumptively used, return flows, and

of use recharge? How might they affect water quality?

dimensions

Social e How might transfers of groundwater extraction allocations negatively affect
dimensions people within the basin? Outside the basin?

e What communities and segments of the population might be especially at
risk of experiencing, or being negatively affected by, undesirable results?

Environmental e How might transfers of groundwater extraction allocations negatively affect
dimensions environmental resources?

e What ecosystems or species might be especially at risk of experiencing, or
being negatively affected by, undesirable results?

Trading rules e How will rules sufficiently address the various dimensions of potential trading impacts?
e How might rules minimize the negative—and maximize the positive —impacts of trades?

e How will rules address information gaps and uncertainty?

Trading system and * How will potential buyers and sellers find one another?
transfer approval

process e \What will the transfer approval process involve?

- What environmental review will be needed for proposed transfers of groundwater extraction
allocations? Will long-term or permanent transfers be allowed, and, if so, how will this affect
environmental review requirements?

- How will the approval process address potential impacts to other water rights?

e How and when will the parties to a transfer demonstrate that they meet environmental review, and
other, requirements?

e How will trading rules be operationalized? If an electronic trading platform will be used, who will
design, operate, and maintain it?

e How will completed transfers be tracked and confirmed?

e What trading-related information will be available to the public, when, and in what format?
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3. General considerations

Monitoring e What is known about the physical and temporal relationships between groundwater extraction,
groundwater use, and basin conditions? How do these relationships vary across the basin?

e What is known about how other factors, such as changes in climate or land use, have affected
basin conditions in the past and are likely to affect them in the future?

e Going forward, how will changes in basin conditions be monitored?

- How will the impacts of groundwater extraction and use in general, and the impacts of
transfers of groundwater extraction allocations in particular, be monitored?

- What new technical expertise will be needed to monitor basin conditions and understand the
effects of transfers?

Oversight and e How will compliance with limits on overall groundwater extractions be tracked and ensured?

nforcement ) ) . ) ' )
enforceme e How will compliance with groundwater extraction allocations, trading rules, and other program

requirements be tracked and ensured?
- How will voluntary compliance be encouraged?

e How will fair and consistent enforcement of groundwater extraction allocations, trading rules, and
other program requirements be achieved?

Evaluation e When and how will program decisions and processes be evaluated?

e How will the assumptions and models that underlie limits on overall groundwater extractions,
groundwater extraction allocations, and trading rules be assessed?

e How will the success of sustainability programs be evaluated?

Modification e When and how will program elements and processes be updated?

e What mechanisms will trigger or enable changes to sustainability programs that respond to
lessons learned, new information, and increased understanding of basin conditions?

Transparency and * How will information relevant to developing and implementing sustainability programs be
public engagement communicated to the public?

e How will broad and meaningful public engagement in program development, implementation, and
evaluation be ensured?

e \What information about the actual operation of sustainability programs (e.g., about market
transactions) will be available and in what contexts?

e What information will be shared about program oversight, enforcement, evaluation, and
modification activities? How and when will this information be shared?

Resources Human e What skills and expertise will be needed to design and implement effective
capacity sustainability programs?

e How will these capacities be developed or accessed?

Physical and e What infrastructure will be needed to carry out sustainability programs?
.technologlcal - What infrastructure will be needed to measure groundwater extraction
infrastructure
and use?
- What infrastructure will be needed to monitor basin conditions and
understand the effects of transfers?
- What computing hardware and software will be needed to organize and
analyze data, develop models, etc.?
Funding e How will sustainability programs be funded?
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Appendix A:

Markets involving groundwater transfers exist in

a number of countries. Small-scale transfers of
groundwater occur informally in many parts of the
world. Informal markets generally rely on physical
transfers of water across short distances from neighbors
with wells to neighbors without wells. Formal markets
have been documented in at least a handful of
countries, most notably Australia,””® and in a number
of western U.S. states,”” including in adjudicated
areas of California (Boxes 2, 4, and 5).3*° Below,
several international, U.S., and California examples
provide a flavor for the variety present in these existing
groundwater markets.

Informal markets in South Asia

Informal groundwater markets based on the physical
transfer of pumped water have been noted in Pakistan,
India, Nepal, and Bangladesh.?®' They develop in
areas where groundwater use is largely unregulated
and the cost of building new wells or powering

pumps is higher than many water users, like small

and marginal farmers, can afford.?*? Well owners,

who are often farmers themselves, pump water for
neighbors in exchange for labor, fuel, shares of a crop,
or cash.’® A 1988 study in Punjab, Pakistan, found
that close to 30% of farmers owned wells, while one-
third bought groundwater from their neighbors.?
Other studies suggest that between 33 and 88% of
well owners in parts of South Asia sell at least some
groundwater to others.*®> These informal markets may
be socially beneficial in the short-term, providing more
equitable access to water resources, enabling greater
agricultural productivity, and increasing employment
opportunities.*®® However, they also have the potential
to exacerbate existing inequalities,” and, in the longer-
run, uncontrolled groundwater extraction may lead to
overdraft and increased groundwater scarcity that rolls
back social gains.’®

Australia

Australia’s water market system is one of the largest and
most active in the world,* yet, even there, trades of
groundwater rights have been relatively uncommon.
Most surface water entitlements in the country have
been “unbundled” from land titles, allowing parties

to sell or lease just their seasonal water allocation or
their ongoing water access entitlement separately from
the land.”” However, many jurisdictions have not

yet “fully unbundled” groundwater access (pumping)
entitlements, and, even though about 49% (by
number) and 21% (by volume) of water entitlements

Examples of existing groundwater
markets

in the country are for groundwater entitlements,
groundwater transfers remain limited.*' National
estimates suggest that, in 2012—13, only about 12%
of permanent entitlement trading and 1% of short-
term allocation trading involved groundwater.*”
Other factors that may contribute to low levels of
groundwater trading include limited hydrogeological
connectivity within and between aquifers, incomplete
understanding of aquifer connectivity, and a lack of
conveyance infrastructure.’”

The Murray-Darling Basin, which spans five states

and the Australian Capital Territory,** accounts for
most of the water market trading in Australia (95% by
volume), grows half of the nation’s irrigated produce,
and encompasses 40 Aboriginal Nations.*”> Reflecting
the complex nature of its groundwater systems, the
Basin has been divided into 66 different groundwater
resource units, and each has been assigned a volumetric
cap, known as a sustainable groundwater diversion
limit, set to take effect in 2019.%¢ In theory, these
limits take into account the effects of groundwater use
on the following: groundwater dependent ecosystems,
groundwater / surface water interactions, salinity

and other water quality parameters, and long-term
aquifer productivity.*” Interestingly, only 1 of the

66 groundwater resource units will need to reduce
groundwater use to meet its cap, 34 others have caps
equal to their baseline use, and the remaining 31 units
are free to expand their groundwater use.””® In fact,
basin-wide, the long-term average sustainable diversion
limit (3,334 gigaliters per year) is much higher than
estimated baseline usage (2,386 gigaliters per year).*”
The Murray-Darling Basin Authority suggests that
access and water quality issues in many areas make it
unlikely that the basin-wide sustainable diversion limit
will ever be exceeded.*®

Trades of groundwater access rights are allowed

within and between resource areas in the Murray-
Darling Basin as long as certain conditions are
satisfied.*! For trades within a groundwater resource
unit, the conditions include (1) “sufficient hydraulic
connectivity between the two locations,” (2) no
exceedance of “any resource condition limits ...
specified in a water resource plan,” (3) “substantially
similar characteristics of timing reliability and volume”
for water access rights in the two locations, or the
existence of measures “to ensure the water access right
will maintain its characteristics of timing reliability and
volume,” and (4) the existence of measures that address
third-party impacts that would result from the trade.*
Similar conditions are required for trade between
groundwater resource units.*”® It is unclear how much
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groundwater trading has occurred in the Basin, since
trading records have been insufficiently detailed to
allow groundwater trades to be distinguished from
so-called “unregulated” surface water trades.**
However, collectively these two categories appear

to have accounted for about 23% of permanent
entitlement trades and less than 3% of short-term
allocation trades.“”> As more attention is focused on
groundwater resources in the Murray-Darling Basin,
and its groundwater markets mature, the area promises
to be a rich source of information and lessons learned
about the role of groundwater transfers in groundwater
management, and water resource management more

broadly.

Edwards Aquifer, Texas

In 1993, the Texas legislature established the Edwards
Aquifer Authority and gave it the authority to issue
permits and regulate withdrawals to “protect(]
threatened and endangered species in the aquifer-fed
Comal and San Marcos springs,” as required by the
federal Endangered Species Act.*” Texas follows the
rule of capture and allows groundwater to be sold

or leased separately from the land.*”” Groundwater
permits were allocated according to each user’s
maximum beneficial use of water between June

1972 and May 1993.% Leasing or selling permitted
groundwater rights is allowed, but none of the water
may leave the Authority’s jurisdiction, and a maximum
of 50% of an irrigation right may be leased.*” Transfers
became much more common beginning in 2006, with
an average of 446 transfers (most leases) occurring each
year from 2006 to 2012, accounting for up to 12.5%
of the permitted pumping volume.*°

Upper Republican Natural Resource District,
Nebraska

Nebraska’s Upper Republican Natural Resource
District overlies part of one of the world’s largest
groundwater systems, the High Plains aquifer system.*!’
In 1979, the District became the first in the state to
establish groundwater allocations and has subsequently
reduced allocations by about 40%, slowing the rate of
groundwater level declines in the basin.*? Allocations
are made for 5 years and depend on the end use of

the water: water for agricultural irrigation is allocated
on a per acre basis, water for commercial livestock is
allocated on a per animal basis, water for municipal
use is allocated on a mixed population and acreage
basis, and industrial wells go through an application
process.*!? Well metering and annual reporting are
mandatory and violations are enforced.* Transfers

of pumping rights must be approved by the District’s
board of directors, may only occur within a township

or “floating township,” may not enhance stream flow
depletion, and may be restricted in the vicinity of other
transfers or based on the total existing usage near the
receiving well.*”® From January to November 2008,
approximately 6 transfers of groundwater allocations
occurred in the District, which contains more than
3,000 wells. 41

Mojave Basin Area, California

The Mojave Basin Area adjudication, finalized in 2000,
allows for permanent trading and temporary leasing
of groundwater rights, allocations, and carried-over
allocations within and between 5 subareas (Box 4

and Table 2). Base Annual Production rights were
defined based on prior use (the maximum annual
production between 1986 and 1990). Aggregate annual
Free Production Allowances are set for each subarea,
with each pumper’s share proportional to their Base
Annual Production.”" Parties can sell or lease all or
part of their Base Annual Production Rights or annual
allocations. Transfers within a subarea require notice
to the watermaster, transfers between subareas require
watermaster authorization, and groundwater exports
require court approval.”'® The cost of administration,
monitoring, and enforcement are paid for by
volumetric administrative assessments on pumping

by all parties, as is a trust fund for the protection of
basin species and habitat.*’” During the 201415 fiscal
year, there were 226 leases and 21 permanent transfers
involving parties to the adjudication.*?

Groundwater markets in other adjudicated areas

Information about groundwater transfers and trading
in other adjudicated areas appears throughout the
report but is concentrated in Boxes 2, 4, and 5 and
Table 2 and associated endnotes.
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Appendix B:

Although most information about groundwater
transfers in California comes from adjudicated areas,
California’s experience with surface water transfers can
also inform transfer programs GSAs might develop
under SGMA. Different transfer limitations and
requirements apply to different types of surface water
rights: riparian rights, pre-1914 appropriative rights,
and post-1914 appropriative rights.

Riparian rights can only be transferred
jointly with riparian land

Under a riparian right, the owner of land adjacent to a
surface watercourse has the right to use its natural flow
for reasonable beneficial use on that land.**! Like pre-
1914 appropriative surface water rights, riparian rights
are not subject to SWRCB permitting. Generally, water
available under a riparian right cannot be stored or

transferred separately from ownership of the riparian
land.*?

Transfers involving appropriative surface
water rights

Acquiring an appropriative right does not depend
on land ownership but on the actual taking of water.
The priority of an appropriative right is determined
based on the date of the initial diversion, or an act in
furtherance of eventual diversion, with older rights
having higher priority than more recent ones.

Pre-1914 appropriative rights

Initially, appropriation was solely a creature of
common law. During the gold rush, miners adopted
a “first in time, first in right” rule for the water they
appropriated to mine placer deposits, and “California
courts looked to principles of equity and of real
property law to adjudicate conflicting claims.”*?* At this
point, appropriation involved simply “diverting it and
putting it to use.”** Beginning in 1972, state statute
introduced the option of initiating an appropriative
right by posting notice “in a conspicuous place at the
point of intended diversion” and recording the notice
with the county recorder.*”

A change in the point of diversion, place of use, or
purpose of use of a pre-1914 appropriative water right
does not require the SWRCB’s approval.®** Nonetheless,
changes, including changes involving transfers, must
not cause injury to other legal users of water.*”” This
restriction protects both senior water rights holders
from junior diverters and junior water rights holders

Summary of surface water rights and
lessons from surface water transfers

from changes that would reduce the quantity or quality
of the water they legally rely upon.®® It is typically
interpreted to mean that the amount of water a water
right holder can transfer is limited to the amount that
would not change the quantity of water that would have
been consumptively used, if not for the transfer.”” The
SWRCB adopted emergency regulations, effective on
March 21, 2016, that require annual reporting of wa