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Issue Paper/

Sustainable Yield in Theory and Practice:
Bridging Scientific and Mainstream Vernacular
by Kirsten Rudestam1 and Ruth Langridge2

Abstract
Groundwater is a vital resource in California, and the concept of “sustainable yield” is an attempt to determine

a metric that can ensure the long-term resilience of groundwater systems. However, its meaning is ambiguous
and quantification is challenging. To provide insight into developing a working definition that encompasses the
inherent uncertainty and complexity of the term, this paper examines how sustainable yield in groundwater is
interpreted by (1) scientists, (2) the courts in groundwater adjudications, (3) state agencies, and (4) local water
practitioners. Through qualitative interviews, this paper identifies problems that local water agencies in the state
encounter in engaging with sustainable yield as they incorporate the term in groundwater management practices.
The authors recommend that any definitions make explicit the human dimensions of, and assumptions embedded
in, the use of these terms in groundwater management practices, and they point to the value of participation in
this process.

Introduction
Groundwater is a critical and endangered resource in

many parts of the world (Wada et al. 2010). Over the
last several decades, the concept of “sustainable yield”
emerged as a way to incorporate both scientific and
societal issues in determining appropriate withdrawals
to minimize declining levels and ensure the long-term
resilience of groundwater systems (Sophocleous 1997;
Sophocleous 2000; Alley and Leake 2004; Maimone
2004; Kalf and Woolley 2005; Gleeson et al. 2012). How-
ever, the term is ambiguous and may be interpreted to
support different socioeconomic and political interests. To
address the challenge of developing a working definition
that can encompass the inherent uncertainty and complex-
ity of the term and that bridges scientific and mainstream
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vernacular, this paper examines how sustainable yield in
groundwater is conceptualized, defined and implemented
by (1) scientists, (2) the courts in groundwater adjudica-
tions, (3) state agencies, and (4) local water practitioners.

We particularly focus on water agencies in California,
where despite groundwater supplying about 30 to 40% of
the state’s overall dedicated water supplies, many aquifers
are in overdraft with declining levels (LAO 2010; Califor-
nia Water Plan Update 2013, Groundwater Enhancements
and Recommendations). Interviews with agency staff
illuminate the problems they encounter in engaging with
“sustainability” and “sustainable yield” in practice, and
the specific concerns they seek to address through the use
of these terms. To acknowledge the human-influenced
aspects of groundwater management we propose that any
definition make explicit the assumptions embedded in the
use of these terms in groundwater management practices,
and we support the call by other scientists for transparency
and participation in this process (Gleeson et al. 2012).

Origins of ‘‘Sustainability’’ in Natural Resource
Management

The concept of “sustained yield” originated within
the field of forestry in 18th and 19th century Europe

NGWA.org Groundwater 1



Figure 1. Evolution of sustainable in natural resource man-
agement.

where it defined setting timber harvest equal to timber
growth (Figure 1) (Behan 1997). In the late 1920s,
sustained yield was redefined from sustaining timber
yields to sustaining forest industries (Clary 1986). The
subsequent 1944 Sustained Yield Forest Management Act
(SYFMA) (58 Stat. 132) and the later 1960 Multiple-Use,
Sustained-Yield Act (74 Stat. 215) (MUSYA) were both
passed to “promote the stability of forest industries . . .

through continuous supplies of timber,” and focused
primarily on resource productivity and market conditions
(Robbins 1989). In the fisheries industry, the concept of
sustainable yield was utilized in the United States in
the early 1930s as a way to predict the consequences
of harvesting activities on fish populations. “Maximum
sustainable yield” (MSY) in this context quantified the
largest catch that could be taken from a species’ stock
over an indefinite period without causing depletion of the
resource (Russell 1931; Barber 1988). In both fisheries
and forestry there were debates, which continue today,
over criteria and measurement indicators.

In groundwater management, the concept of “safe
yield” was introduced in the early 1900s. Scientists
focused on aquifers as physical systems and utilized
hydrological and groundwater flow principles to determine
withdrawals (Alley and Leake 2004; Kalf and Woolley
2005; Gleeson et al. 2012), emphasizing the dynamic
response of the aquifer to pumping as a key factor in deter-
mining the safe yield of a groundwater basin (Bredehoeft
1997; Zhou 2009). But even early definitions acknowl-
edged the ambiguous economic and social dimensions of
“safe yield” (See Meinzer 1923), and by the 1950s the
USGS proposed to discontinue use of the term (Thomas
1955).

In lieu of “safe yield,” hydrogeologists proposed
the term “sustainable yield” to reflect the relationship
between socio-political factors and groundwater with-
drawal (Alley and Leake 2004; Kalf and Woolley 2005).
The shift toward the utilization of “sustainable yield”
in groundwater management reflected the emergence of
the discourse of sustainability as a dominant paradigm
for addressing environmental management practices. The
Brundtland Report (1987) played a significant role in
this process, and defined sustainable as “ . . . development

that meets the needs of the present without compro-
mising the ability of future generations to meet their
own needs” (World Commission on Environment and
Development 1987). But the Brundtland definition of
sustainability also encountered criticism owing to con-
ceptual and philosophical ambiguities (Loucks 2000).
As MacCleery (2001), forest expert with the USFS,
claimed “ . . . one must ask: sustainability, for whom and
for what?” Any form of development alters the natural
environment in some way. Determining sustainable yield
for groundwater management will thus always express a
subjective perspective that implies what effects of with-
drawal are acceptable. Despite this ambiguity, the terms
“safe yield” and “sustainable yield” continue to be refer-
enced in groundwater management.

Sustainable Yield Terminology
by Hydrogeologists

Hydrogeologists emphasize the contribution of
aquifer dynamics and groundwater flow principles to
the concept of safe or sustainable yield (Bredehoeft
1997; Kalf and Woolley 2005), and the majority of
hydrologeologic studies primarily focus on the use of a
mass balance equation to quantify appropriate ground-
water withdrawals. Newer considerations embodied
in the concept of sustainable yield include temporal
patterns of withdrawal and economic, legal, and water
quality issues. For example, Alley et al. (1999) defined
groundwater sustainability as development and use in a
manner that can maintain an aquifer for an infinite time
without causing unacceptable environmental, economic,
or social consequences. In 2004, the Australian National
Groundwater Committee (NGC) defined sustainable
groundwater yield as “the groundwater extraction regime,
measured over a specified planning time frame, that
allows acceptable levels of stress and protects dependent
economic, social, and environmental values” (NGC
2004). While these definitions acknowledge that any
human-induced groundwater regime will have certain
consequences, it leaves variables such as “specified time
frame” and “acceptable stress” open to interpretation.

Although water management agencies have attempted
to assess and operationalize the term “sustainable,”
defining and quantifying sustainable yield is complicated
and difficult. Many basins are in states of deprivation
that are not currently “sustainable” in the first place. In
addition, some basins that are at dynamic equilibrium over
the long term (decades or centuries) may not operate at
equilibrium for shorter time periods. Other basins may
appear to be at equilibrium at present, but will not remain
in equilibrium over longer time periods because of large-
scale hydrologic changes. In all basins, calculating inflows
and outflows is complex, imprecise, and can require
expensive field monitoring and/or modeling studies. And
as noted, sustainability discourse is often fuzzy with
respect to delineating relevant time frames and user
prioritizations.

2 K. Rudestam and R. Langridge Groundwater NGWA.org



To incorporate some of these concerns, hydrogeol-
ogists Kalf and Woolley (2005) propose a number of
amendments, including: making sure that the definition
of sustainable yield applies to the basin aquifer sys-
tem and not to the performance of production facilities;
not applying assumptions of outflow and inflow to all
sites; acknowledging that changes in water quality and
ecological constraints will affect the rate of abstraction;
indicating situations where groundwater cannot ever be
developed sustainably; and ascertaining sustainable yield
within a hydrogeologic basin, rather than a municipal
boundary. Maimone (2004) proposes another modification
to the concept of sustainable yield, emphasizing an adap-
tive management approach that not only utilizes a water
budget that includes surface and groundwater, but also
incorporates an understanding of the hydrogeophysical
characteristics of the basin, technological developments,
and stakeholder needs.

Gleeson et al. (2012) proposed that groundwater sus-
tainability is not an objective goal, but is “a value-driven
process of intra- and intergenerational equity that balances
the environment, society and economy.” Because sustain-
ability is not value-neutral, they recommend groundwater
management practices that set explicit long-term (defined
as 50 to 100 years) sustainability goals, and then use
backcasting strategies to meet these goals through man-
agement that is integrated, inclusive, and local. They also
emphasize an adaptive management approach.

Our paper extends these discussions to focus on
how water institutions and practitioners conceive of and
represent sustainable yield in groundwater management
goals. We are particularly interested in how abstract
definitions of sustainable yield are concomitant with
actual on the ground use of these terms. As noted,
our study focuses on California, where an average of
18,502,227,829 cubic meters (15 million acre-feet) of
groundwater is used each year (California Department of
Water Resources 2003). Many aquifers in the state have
declining levels of groundwater with associated impacts
(see Figure 2), generating significant interest by water
agencies to reduce overdraft and establish what they
understand to be sustainable yield.

The Courts
In some California groundwater basins with declining

groundwater levels, disputes over extraction are brought
to the courts. While the term “sustainable yield” is
invariably implied in court decisions, most groundwater
adjudications apply the term “safe yield” in determining
water rights. A court-appointed Watermaster facilitates
quantifying the “safe yield” of the basin, utilizing studies
of basin hydrology and past groundwater production, and
early court proceedings established rigid pumping rules to
maintain this court mandated and Watermaster monitored
“safe yield” (e.g., in the Raymond and West Coast Basins
1944 to 1970s).

California legal proceedings also operationalized the
terms “natural safe yield,” and “operating safe yield.” In

the San Gabriel and Chino Basins, the former was defined
as “the quantity of natural water supply which can be
extracted annually from the Basin under conditions of the
long-term average annual supply,” and the latter as the
quantity of water that the Watermaster determines may be
pumped from the Basin in a particular fiscal year (Main
San Gabriel Water Master 2013, Main San Gabriel Basin
Glossary).

In the most recent 2004 Seaside Basin court
adjudication, the objective was “to ultimately reduce the
drawdown of the aquifer to the level of the ‘natural safe
yield,’” defined as “the quantity of groundwater existing
in the Seaside Basin that occurs solely as a result of nat-
ural replenishment.” “Operating safe yield” was defined
as “the maximum amount of [g]roundwater resulting from
natural replenishment that this Decision, based upon his-
torical usage, allows to be produced from each subarea
for a finite period of years” without material injury to
the Seaside Basin, the subareas, or a producer (Califor-
nia American Water v. City of Seaside, et al. 2006). In
operationalizing the term “safe yield,” the Seaside Basin
adjudication moved the definition closer to the concept of
sustainable yield by acknowledging hydrologic and social
issues, including that safe yield is not a “static” amount,
and needs periodic re-evaluation. Yet there continues to
be a lack of technical agreement on basin yield in many
of California’s basin adjudications (Bachman 2010).

California Department of Water Resources
(DWR)

The State of California does not have a permit
system for groundwater production. However, California’s
Department of Water Resources (DWR) is concerned
with overall water planning and provides sustainability
principles for water resources management, describing a
renewable natural resource as sustainable only “if the rate
of use does not exceed the rate of natural renewal.” In
this context, DWR defines “safe yield” as “the maximum
quantity of water that can be continuously withdrawn
from a groundwater basin without adverse effect.” The
agency defines overdrafted basins as those where the
amount of water extracted exceeds the amount recharging
the basin (DWR 2013b, Groundwater Terms) resulting in
groundwater levels that decline over a period of years
and never fully recover, even in wet years. Overdraft
can result in significant adverse social, environmental,
and economic impacts including increased extraction
costs, land subsidence, saltwater intrusion, water quality
degradation, and permanent loss of aquifer storage (DWR
2003, Bulletin 118 Update Report). Additionally, DWR
encourages agencies developing new water sources to
consider the needs of people and ecosystems up-stream
and down-stream and throughout the hydrologic cycle
(Shilling et al. 2012).

DWR also provides general principles for sustain-
ability planning, describing a sustainable system as one
that meets today’s needs without compromising the ability

NGWA.org K. Rudestam and R. Langridge Groundwater 3



Figure 2. Declining groundwater levels in California’s Central Valley.

of future generations to meet their own needs. Never-
theless, agency documents acknowledge that “sustainable
use of resources” may have different meanings depend-
ing on the perspective of the user. The DWR Water
Plan Update includes a Water Sustainability Indicators
Framework to inform the public about water system condi-
tions and relationships to ecosystems, social systems, and
economic systems. It incorporates five detailed domains:
water supply reliability, water quality, ecosystem health,
adaptive and sustainable management, and social benefits
and equity (DWR 2013a, Water Plan Update 2013).

Local Water Agencies

Approach
Without a state permit system, local water agencies

are the primary institutions governing groundwater man-
agement in California. To this end our paper focuses on
these local institutions, using interviews to provide greater
insight into the actual application of sustainable yield ter-
minology on the ground. We selected 12 water agencies
that rely either entirely, or in large measure, on ground-
water for agriculture or municipal uses and that repre-
sent a range of geographic demographic and management
characteristics. These agencies are all experiencing some

decline in groundwater levels, and they share several
variables of concern: seawater intrusion, subsidence, and
pollution. Along with these characteristics, agencies we
interviewed represent a range of attributes, including geo-
graphic location, size of the basin, and urban/rural usages.
We include both adjudicated and non-adjudicated basins.
Our goal is to represent prototypes of the diverse agencies
that manage groundwater in the state.

Of the 15 interviewees, 4 were agency hydrogeol-
ogists, 1 was a district engineer, and 10 were agency
managers. Several of the managers interviewed had back-
grounds in hydrology and engineering as well as public
policy. Of the agencies interviewed, 10 had recently or
were in the process of moving away from using the term
“sustainable yield” in their groundwater management poli-
cies. A review of these agencies’ published groundwater
management plans corroborated this recent shift in ver-
nacular. While agency personnel expressed distaste for
the term “sustainable yield,” their public documents, many
published within the last 5 years, relied heavily on the con-
cept and term. For example, one agency’s 2011 Progress
Plan from their Groundwater Management Program states
that their main objective is “to improve groundwater sus-
tainability.” A recent interview with this agency’s policy
manager revealed that in the previous week the board had
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decided to terminate using the term “sustainability” in
their outreach materials.

Definitions of Sustainable Yield
When asked to define what they understand to be

“sustainable yield,” agency managers and hydrogeologists
echoed the definitions provided in their public documents.
These included:

“what is being pumped out of the ground that can be
sustained overthe long term, without causing negative
impacts to the aquifer,”
“a rate of withdrawal that has no negative impact on
the groundwater basin,”
“the long-term amount of groundwater, which can be
extracted from theaquifer system without causing an
adverse impact on the quantity and/or quality of the
groundwater basin.”

Three agency managers mentioned that they wit-
nessed the concept of safe yield being replaced by that
of sustainable yield. One expressed confusion with the
rapid turnaround of term usage; “I don’t know what
they [those who are dissatisfied with “sustainable yield”]
are saying . . . what’s happened in my career is that safe
yield has turned into sustainable yield.” Agency managers
and hydrogeologists also articulated significant concerns
with both safe yield and sustainable yield terminology.
One manager called the term sustainable yield, inherited
from his predecessor, “the bane of my existence”; another
described it as “contentious and constantly debated.”

Shortcomings of ‘‘Sustainable Yield’’
When asked to describe the shortcomings of “sus-

tainable yield” as a means for managing groundwater,
interviewees provided a variety of reasons including: the
ambiguity of the term sustainable and its normative aspect,
the timeframe being considered, the role of infrastructure,
the use of a single metric to express a dynamic system,
confusion over whose needs are being considered, and
the omission of climate change impacts and catastrophic
events. Their comments are illustrated below.

Ambiguity
With respect to the practical use of the term, one

manager indicated “there’s so much confusion with the
term.” Another reported that over the past few years his
agency tried “to avoid the term at all costs, in part because
the definition of what they mean hydrologically leaves
a lot of subjectivity . . . depending on which people you
have in the room, their opinions can be very different.”
He described the term as “opening Pandora’s box” in that
it allows for a wide variety of interpretations with respect
to its main goals and significance.

Greenwashing
One problem with the word “sustainable” is that

it carries a normative positive valence that can affect
how sustainable yield is conceptualized. For example,
six agency managers and one hydrogeologist noted

that “sustainable” implies that if a basin maintains its
current groundwater levels this is a “good” thing. For
basins experiencing issues such as saltwater intrusion,
sustaining current pumping levels would fail to remedy
the situation but would instead exacerbate the problem.
As one manager remarked, “It’s not okay to keep a basin
at a degraded level.”

Relative Timeframe
The timeframe inferred by sustainable yield was

another issue for watershed managers and engineers.
Several managers said that sustainable yield had to be
sustained “permanently,” while others looked at it as “a
30 to 50 year horizon.” One hydrogeologist described a
proposed extraction project that was found to impact a
nearby spring, but not for 300 years. He noted that this
is a sustainable yield question, because “the argument is
that you’ve exceeded the sustainable yield if you have
an effect you don’t want to see hundreds of years in
the future . . . [Going by that definition] might prevent us
from doing anything with groundwater, and that might
not be a good thing.” Another manager said that the term
could apply to any time frame; “when I use the term I
think it will harm the aquifer in two years, five years, or
one thousand years.” How this translates into policy is
a question that almost all the interviewees raised as an
important concern.

Simplification
Agency spokespeople expressed concern that the term

“sustainable yield” implies that a single number can be
generated as a pumping goal that will meet the criteria
of maintaining a sustainable groundwater supply. This
over-simplifies the complex and dynamic hydrology of
a basin, whose water supply varies over the course of
seasons, years, and generations. One hydrogeologist spoke
to this, “People get burned using [one number]. People
get the wrong idea about what that number is and think
they can extract that same amount of water every year.”
Another agency manager expressed a similar concern with
associating a static number with sustainable yield: “It’s
hard to quantify, and there’s a good chance those numbers
will change.”

Rather than stick with a quantified and constant
sustainable yield, one manager suggested an alternative
would be “a dynamic model that reflects changes in
recharge, streamflow, pumping, water levels” so that “you
can go forward and have various strategies for every
year.” This may be more difficult in an adjudicated basin,
where water agencies have to work with a court decision
that has come up with one number as the sustainable
yield for the basin. The manager for one non-adjudicated
basin elaborated on this, “In an adjudicated basin safe and
sustainable yield are important terms because in a court
they’re not allowed to pump over that number . . . we don’t
want to be tied to certain numbers. At times we’ll pump
more or less of safe yield. That’s why you don’t see any
of those words in our documents . . . we shy away from
those terms to avoid getting them fixed.”

NGWA.org K. Rudestam and R. Langridge Groundwater 5



Infrastructure
Another prevalent critique of the “sustainable yield”

terminology in groundwater management was that the
concept relies on a system’s infrastructure, but that its
common usage often obscures or renders invisible this
reliance. One interviewee, an agency manager, noted,
“To us, safe and sustainable is entirely contingent on
facilities. So we avoid the use of those terms because what
they say today is not what they mean tomorrow.” Many
of the agencies we interviewed expressed concern with
saltwater intrusion, and their sustainable yield numbers
were primarily motivated by a desire to avoid this
problem. But, as one agency hydrogeologist pointed out,
if you have one well for an entire distribution system that
is located on the coast, the sustainable yield would be
much lower to prevent salt water intrusion than a system
that had multiple wells farther from the coast. Sustainable
yield thus relies on anthropogenic modifications including
infrastructure.

Ecological Concerns
As noted above, an additional area of debate revolves

around whose needs are being met when it comes
to sustainable resource management. This issue was
illuminated by what appeared to be a striking omission
of the nonhuman from conversations with water agency
managers and hydrogeologists. When asked to discuss the
concept of sustainable yield, not one interviewee spoke
directly to the long-term resilience or compromise of
indigenous plant or animal species (though later several
suggested that ecological considerations had been implicit
in their definitions and in their sustainable development
plans). Instead, when asked to comment directly on how
the utilization of “sustainable yield” helps or hinders
ecological issues, seven interviewees acknowledged that
attempting to quantify a pumping goal that will satisfy
human needs while ensuring a reliable groundwater supply
was tricky enough without factoring aquatic and riparian
species into the equation. Because of this complexity,
ecological concerns, though mentioned, are often left
aside in developing sustainable groundwater yields. One
hydrogeologist admitted that “[sustainable yield] gets
fuzzy when you start looking at ecological impacts”
and another described biological conditions as those “we
don’t measure.” A third noted, “There’s just too many
complications with biological systems. How we measure
sustainable yield is very physical water oriented.”

Extreme Events
Another area of omission in the interviews pertained

to the ability of sustainable yield to cope with severe or
catastrophic events (Figure 3). While periodic droughts
are projected to become more frequent and severe with
climate change, resulting in reduced water availability and
water shortages, agency personal never commented on
how concepts of sustainable yield could or should account
for climatic variation or extreme drought events. When
asked if the agencies included the possible implications
of climate change in their usage of the term “sustainable

yield,” only one respondent claimed that this was the
case in his agency. Others admitted that while climate
change is certainly an important issue, the complexity and
uncertainty around the possible hydrological impacts of
climate change were too difficult to incorporate into an
already ambiguous term.

Alternatives to Sustainable Yield
In lieu of sustainable yield, several agencies had

transitioned to relying on alternative terms that they
hoped would avoid some of the semantic problems
referred to above. One was overdraft, a term common
in the hydrologic literature that refers to an undesirable
condition caused by over-pumping that results in declining
water levels over the long term. Although one manager
described overdraft as the “undesirable results” that
occur from withdrawing more than the sustainable yield,
several managers said that the term overdraft was more
“objective.” As one manager claimed, if you define
overdraft as “when outflows exceed inflows . . . .. it’s easy
to see whether you’re in overdraft . . . Everyone can argue
about what’s sustainable and what’s not, but no one
can argue about inflows versus outflows, because it’s
a calculation.” That said, overdraft defined in this way
means that adverse effects may occur before pumping
reaches the level at which you can see or measure those
effects. Another agency that recently abandoned the term
“sustainable yield” replaced it with “yield after recovery.”
This agency was concerned that the term “sustainable
yield” implied that sustaining current water levels would
be a good thing. In their case, to avoid saltwater intrusion
they need to increase their baseline water levels; keeping
them “sustainable” would not be a desirable situation.

Overall, the principal reason for transitioning from
using the term “sustainable yield” was attributed to public
relations. While agency managers and hydrogeologists
claimed that within their agencies there was general
consensus around what “sustainable yield” meant, they
worried that its subjective nature and implied normative
values confused the public and might lead to future
conflicts or debates (Table 1). The terms “overdraft” and
“yield after recovery” both direct attention to reasons
for not pumping rather than calling attention to a
simplistic quantification of what is safe, the former
of which may be easier for a public not well-versed
in hydrology to understand. This finding leads us to
make an additional observation, which is that despite
the consensus of relevant scholarship demonstrating
the importance of inclusive and participatory planning
processes for “sustainable” groundwater management
(Gleeson et al. 2012), the interviewees did not describe
“sustainable yield” or optimal groundwater management
practices as requiring collaborative participation. Rather
than incorporate public constituents into the development
of groundwater management plans, they worried that the
“public” would misunderstand hydrological concepts and
terminology, and thus highlighted a model of policy as
science-based and politically neutral (Jasanoff 2005). The
above discussion is summarized in Table 2.

6 K. Rudestam and R. Langridge Groundwater NGWA.org



Figure 3. Interview sites.

Table 1
Agencies Interviewed

Location North Coast North Inland Central Coast Central Valley SE Inland South Inland South Coast

Agenices Interviewed1 1 2 5 1 1 1 1
Adjudicated No No No-4, Yes-1 No No Yes No
Agency size Large Medium Large-3 Medium Small Medium Large

Medium-2
Primary water uses Mixed Urban-1 Urban-2 Agriculture Rural Urban Urban

Rural-2 Agriculture-1 Agriculture
Mixed-2

Note that several agencies included more than one interviewed individual, so total number of interviewees equaled 15.

Discussion
Our paper provides new insights into how definitions

of safe and sustainable yield are implemented and
practiced. While it is clear that “sustainability” discourse
leaves room for interpretation and its ambiguity may
be an obstacle for achieving and implementing specific
management goals, there are lessons to be learned beyond
simply acknowledging that “sustainability is subjective.”

For one, effective groundwater management needs
to be dynamic, flexible, and case specific to accom-
modate variations in timing and location. Interviewees
emphasized again and again that one of the principal

shortcomings of the “sustainable yield” terminology is the
tendency to use it to apply a fixed or static number to an
inherently dynamic system.

In addition, the more comprehensive the application
of “sustainable yield” as a concept, the more difficult it
becomes to quantify, model, or strategically apply it to
a basin’s water management plan. For example, if an
agency decides that “sustainable yield” should operate
within a 1000 year timeframe, or that “sustainable yield”
indicates that management must account for the long-
term resilience of all known endemic aquatic species, it
becomes increasingly difficult to create a useful model

NGWA.org K. Rudestam and R. Langridge Groundwater 7
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to account for these contingencies. As one agency
representative reported, going those final steps can have
the effect of paralyzing any kind of proactive management
practices. Instead, this hydrogeologist suggested that “the
only solution is to try things, see if there’s an impact, and
then don’t do it again if it’s harmful.”

Alternatively, a more restricted definition of “sus-
tainable yield” can lead to problems. Perhaps the most
obvious concern is the exclusion of certain future and
ecological needs from water management practices, and
the obfuscation of the decision-making practices that
prioritize these needs. In addition, while the term
implies a specific metric, empirical modeling is inherently
imprecise. One hydrogeologist spoke to the financial dis-
incentives to developing complex models. “For a lot of
money,” he said, “I’ll tell you [that] you have a little
water. For a little money I’ll tell you [that] you have a lot
of water. We always count a big number to begin with. It’s
always the wrong number. And then we have to back off
from this and tell them [water agencies] they have less.”

Conclusion
This paper analyzes the discourse of sustainable

yield that California water agencies use with respect
to groundwater management. We noted terminology and
implementation limitations as described in state, scientific,
and legal literature and as articulated by local agency
representatives in California. While the paper focuses on
the subjective nature of “sustainable yield” terminology,
hydrology itself is a discipline that confronts imprecision
in its attempts to map, predict and engineer the movement
of water. This points to the difficulty of quantifying
complex water systems, regardless of the terminology
used to describe water management.

Previous scholarship stipulated that groundwater
sustainability goals incorporate: the development of a
conceptual water balance model, consideration of spatial
and temporal dimensions, changes in technology, water
demand and available supply, and also specify any
underlying issues of uncertainty. Moreover, management
practices that use “sustainable” to define a metric need
to specify the goals that sustainability policy measures
attempt to reach (Kalf and Woolley 2005; Gleeson et al.
2012).

Our research expands on these recommendations.
Any definition of groundwater sustainability is not
value-neutral, and as local water agencies focus their
management practices on particular goals, we propose
that the specific assumptions and variables incorporated
into both goals and objectives be explicit . These can
include very clearly spelling out for example: timeline
utilized; spatial dimensions being considered; ecological,
hydrogeologic, and economic considerations; and climate
change and extreme event considerations.

Some of these variables are already being more
widely acknowledged and incorporated into management
goals and practices. For example, water management is
increasingly using the scale of the watershed or the basin

to inform management and water policy. In addition,
hydrologic science is increasingly linked with sustain-
ability concepts that incorporate multigenerational goals
and acknowledge the connections between groundwater,
surface water and ecosystems. Moreover, although “sus-
tainable” is a problematic term, it is clear that metrics
are needed to at the very least prevent groundwater levels
declining over the long term that may result in situations,
such as the permanent loss of aquifer storage, that are
unlikely to ever be considered acceptable for future gen-
erations.

Finally, what previous scholarship has acknowledged
is important in establishing a metric is the value of adap-
tive and inclusive planning processes in setting sustain-
ability goals. Yet our findings demonstrate that, even with
a participatory process, a major hindrance to implement-
ing the term “sustainable yield” in groundwater man-
agement practices is that the variables and assumptions
implicit in establishing a sustainable yield goal are not
Armcanz generally transparent. And as (1997) notes, “Any
definition of sustainable yield embraces a range of techni-
cal as well as social, environmental, and economic factors,
therefore it is necessary for assumptions to be clear and
incorporate considerable community input.” Where hydro-
geologists and agency managers make these explicit, there
can be a clearer understanding by all parties regarding
the meaning of sustainable yield. We note that in the
interviews agency representatives were mostly concerned
with stakeholders misunderstanding scientific concepts
than with the importance of public input in characterizing
sustainable yield.

If “sustainability” is defined as the “social accept-
ability of impacts” (Herczeg and Leaney 2002), then
any groundwater management goal, regardless of termi-
nology, essentially incorporates decisions about what is
and is not an acceptable impact. It is therefore critical
to make explicit the human dimensions of groundwater
management goals, and prioritize what water management
practices need most—a transparent decision-making pro-
cess that incorporates a discussion of the variables listed
above within participatory planning practices.
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