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Abstract
Groundwater is a critical component of the water supply for agriculture, urban areas, industry, and ecosystems, but managing

it is a challenge because groundwater is difficult to map, quantify, and evaluate. Until recently, study and assessment of governance
of this water resource has been largely neglected. A survey was developed to query state agency officials about the extent and
scope of groundwater use, groundwater laws and regulations, and groundwater tools and strategies. Survey responses revealed key
findings: states’ legal frameworks for groundwater differ widely in recognizing the hydrologic connection between surface water
and groundwater, the needs of groundwater-dependent ecosystems, and the protection of groundwater quality; states reported a
range in capacity to enforce groundwater responsibilities; and states have also experienced substantial changes in groundwater
governance in the past few decades. Overall, groundwater governance across the United States is fragmented. States nevertheless
identified three common priorities for groundwater governance: water quality and contamination, conflicts between users, and
declining groundwater levels. This survey represents an initial step in a broader, continuing effort to characterize groundwater
governance practices in the United States.

Introduction
Around the nation and world, communities, agricul-

ture, and industry are increasing their use of groundwater,
sometimes with adverse impacts to riparian habitats
and often with disregard for sustainability. Reliance
on groundwater is not consistent across the United
States. Nationwide, approximately 20% of total water
withdrawals come from groundwater sources, which
totals more than 28 trillion gallons of water annually
(Kenny et al. 2009), but groundwater use varies widely
according to region and sector. Irrigated agriculture is a
major user: in 2005, it accounted for more than two-thirds
of the total fresh groundwater withdrawn (Kenny et al.
2009). Groundwater constitutes the drinking water supply
for half of the U.S. population, and it is expected to
constitute much of the future drinking water supply
(Reilly et al. 2008). Reliance on groundwater varies: at
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one extreme, Hawaii relies on groundwater for 95% of its
total water withdrawals; at the other extreme, states such
as West Virginia, Virginia, Connecticut, and Montana
rely on groundwater for less than 5% of total water with-
drawals. In general Western states, which are drier, rely
more heavily on groundwater than Eastern states, which
typically have more access to surface water resources.

Despite being a critical source of water, groundwater
is often overlooked and undervalued (Campana 2014),
and until recently its governance has been neglected
(GEF 2013). Because water governance is decentralized
in the United States, it reflects state-by-state or region-by-
region circumstances. The variety of approaches makes it
difficult to answer questions about which frameworks or
practices contribute to good groundwater governance and
management.

To better understand groundwater governance in
the United States, we conducted a nationwide survey
of how states address groundwater. In this article, we
define groundwater governance and the components of a
good governance framework and explore the relationship
between groundwater management and governance. We
then introduce our survey methods and findings and dis-
cuss significant observations on the national governance
framework. We address the major challenges facing states
as groundwater use and reliance increase. We conclude
by discussing additional research designed to identify
good groundwater governance practices, particularly
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those that connect surface water and groundwater
management.

Groundwater Governance and Management
Groundwater governance is the overarching frame-

work of groundwater use laws, regulations, and customs,
as well as the processes of engaging the public sector,
the private sector, and civil society. It may involve
coordinating administrative actions and decision-making
between and among different jurisdictional levels. This
framework fundamentally shapes how groundwater
resources are managed and how aquifers are used. The
local, regional, or national framework establishes who
participates in formulating strategies and is responsible
for executing them. The “who” may include: the federal,
state, tribal, or local governments; private businesses and
enterprises; and individuals and the nongovernmental,
nonprofit organizations that constitute civil society (Sala-
mon and Anheier 1997; Richter 2014). The framework
also establishes how the different actors interact, for
example, through laws, regulations, voluntary programs,
or institutions (Varady et al. 2013).

As Varady et al. (2013) note, a groundwater gov-
ernance framework includes four principal dimensions:
political-institutional, sociocultural, economic, and
ecological. A good governance framework will be
transparent, accountable, responsive, and efficient. This
framework also acknowledges and incorporates the local
or regional sociocultural values of water. The economic
dimension typically includes pricing water to recognize
the essential nature of water resources for human
wellbeing. It also includes using rate structures that
discourage inefficient uses of water and that incorporate
treatment costs for improving groundwater quality.
Finally, good governance also considers environmental
uses of groundwater.

Significantly, groundwater is a classic common-pool
resource. If use is unconstrained, each rational user is
effectively free to pump an unlimited amount of a limited
resource (Hardin 1968). Effective governance of a shared
resource is easier when: (1) its use can be monitored and
verified at a low cost; (2) the user population, the uses,
and economic and social conditions are relatively stable
or change only moderately; (3) communities using the
resource interact frequently with each other; (4) outsiders
can be easily excluded; and (5) users support monitoring
and enforcement (Dietz et al. 2003). Under these condi-
tions, groundwater governance begins at a disadvantage:
many aquifers have not yet been mapped, modeled,
or quantified, and acquiring such information requires
expensive technologies and human effort; rates of pump-
ing are increasing almost uniformly across the United
States (Konikow 2013); and it is unclear if or how users
coordinate among themselves and whether they support
restrictions on use. Detecting contaminated groundwater
is difficult, and remedying contaminated groundwater
is even more difficult (Knüppe and Pahl-Wostl 2011).
Uncertainties, including those related to socioeconomic

change and climate change impacts, compound these
disadvantages for successful groundwater governance.

Where groundwater governance generates laws, poli-
cies, and decisions, groundwater management comprises
the actions to implement those laws, policies, and deci-
sions. It consists of the routine, practical, and effective
ways that enable us to achieve predetermined goals and
objectives (Varady et al. 2013). As surface water supplies
become overused, groundwater demands increase. Man-
agers and stakeholders have noted a major paradigm shift
in water resources management. The relative abilities
of actors are improving as states, local governments,
and nongovernmental organizations have enhanced their
resource bases and increased their abilities in multiple
areas of water management (Feldman 2007). Along
with engineering and technical approaches, management
practices are also incorporating culture and social learning
(Pahl-Wostl et al. 2008). New pressures, such as popu-
lation growth, urbanization, economic development, and
climate change, will stress existing water supplies
(Famiglietti et al. 2011) and require the transformation
of water management institutions (U.S. Government
Accountability Office 2003; Brekke et al. 2009).

Significant attention has been paid to integrating
surface water and groundwater management to reflect
their complex interactions. The idea of integrated surface
water and groundwater management has been a topic of
discussion in U.S. water policy for more than 40 years
(National Water Commission 1973). Today, scientific
agencies at the federal and state level, as well as
water management organizations across the country, have
embraced integrated approaches to surface water and
groundwater management (e.g., AWRA 2011; Barlow and
Leake 2012; Shabman and Scodari 2012). However, many
of these integrated approaches have yet to materialize in
practice.

Legal systems that integrate surface water and
groundwater are more efficient and responsive than
legal systems that distinguish between them (Hoffman
and Zellmer 2013). Historically, water management—
especially water allocation—has been decentralized
across the United States. The federal government has
taken the lead on setting water quality standards, but
it has deferred to states to implement those standards,
to allocate water quantity, and to determine water use
(Leshy 2008; Getches 2009; Abrams 2012).

As a result, each state maintains significant authority
and autonomy over groundwater regulation and gov-
ernance. State laws have been slow to recognize the
hydrologic connection between groundwater and surface
water, frequently treating them as separate resources and
under separate laws (Bryner and Purcell 2003; Sax et al.
2006). In general, surface water allocation laws in the
United States are split geographically on either side of
the 100th meridian: the wetter, Eastern states tend to use
riparianism or regulated riparianism, and the drier, West-
ern states use prior appropriation. The legal doctrines for
groundwater do not mirror this split (Reiblich and Klein
2014). Instead, they fall into several categories, may vary
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Table 1
Summary of Key Survey Responses

Yes No No Response

States have groundwater laws (formal or informal) 50 0 1
State law recognizes the connection between surface water and

groundwater
25 23 3

State law recognizes groundwater quality 43 5 3
State law recognizes groundwater conservation 36 12 3
State law recognizes groundwater-dependent ecosystems 25 21 5
State agencies have groundwater oversight and enforcement authority 48 0 3
Local agencies have groundwater oversight and enforcement authority 31 1 19
Different state agencies oversee water quantity and water quality 36 15 0
State agencies have sufficient capacity to carry out responsibilities 25 23 3
Respondents have observed substantial changes in groundwater

management
35 15 1

within a state, and tend to be more underdeveloped than
the established and well-litigated surface water doctrines
(Leshy 2008; Dellapenna 2013). Both holders of water
rights and governmental agencies have frequently opposed
any changes that threaten to interfere with established
rights and traditional jurisdiction (Thompson 2011).

Survey Methodology and Findings
Owing to the increasing worldwide interest in ground-

water governance (GEF 2013) and our recognition of the
decentralized nature of water governance in the United
States, an overview of these practices can contribute to
both national and international dialogues on successful
groundwater governance. Our literature search unveiled
no current compendium or analysis of current groundwa-
ter governance and management practices in the United
States. Although much research exists on different legal
regimes or specific case studies (e.g., Bryner and Purcell
2003; Torres 2012; Dellapenna 2013; and Stevens 2013),
few researchers have examined trends and commonalities
across the country. Our research is designed to take a
first step toward filling that gap. We focus on three pri-
mary components: (1) the broad groundwater governance
framework in each state; (2) the factors driving substan-
tial changes to groundwater governance; and (3) states’
priorities for groundwater governance.

A survey was developed to query state agency
officials about the extent and scope of groundwater use,
groundwater laws and regulations, and groundwater tools
and strategies. Survey respondents were identified through
the network of federally authorized Water Resource
Research Institutes at universities across the country.
Targeted survey respondents included one state agency
representative per state and the District of Columbia, for
a total of 51 potential respondents.

The survey was conducted between November 2012
and February 2013, using the online service Survey
Monkey. One respondent from each of the 51 jurisdic-
tions participated in the survey for complete nationwide
coverage. Among the state agencies represented: 22 were

water quality agencies, and 19 were water quantity or allo-
cation agencies. Seven respondents either listed a state
agency that addresses both quality and quantity or listed
two agencies. In three instances where a state agency rep-
resentative could not be identified, a water expert from a
state university or water organization was substituted. Of
the respondents: 33 identified themselves as a mid-level
administrator (8), a manager (20), or a director/political
appointee (5); 12 identified themselves as an engineer (4)
or a hydrologist/geologist (8); five identified themselves
as a planner (3), a lawyer (1), or a researcher (1); and one
identified as a public relations and outreach specialist.

All survey results, including individual state
responses, are reported, “Groundwater Governance in
the U.S.—Summary of Initial Survey Results,” and the
accompanying appendix (Gerlak et al. 2013). Although
the results reflect information provided by a single
source per jurisdiction, a complex and nuanced picture
of groundwater governance across the United States
emerges.

The following section highlights survey findings in
the context of three main areas: the groundwater gov-
ernance framework, substantial changes to groundwater
governance, and priorities for groundwater governance.
Table 1 summarizes many of the key responses.

Groundwater Governance Framework
To understand the legal anchors of states’ groundwa-

ter governance frameworks, we asked survey respondents
about the scope of groundwater laws and regulations and
the authority and capacity to regulate groundwater.

Survey responses indicate that all states have
groundwater laws in place, ranging from formal, explicit
laws to a patchwork of laws that indirectly protect
groundwater (Table 1). Illinois’ groundwater quality code
and Nebraska’s Groundwater Management and Protection
Act are examples of explicit regulations for groundwater
quality and allocation. Other states indirectly protect
groundwater. For example, the respondent from Pennsyl-
vania replied that the state does not have an “overarching
stand-along statutes, policies, rules or [regulations] just
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for groundwater. . . . Groundwater quality protection
is addressed in a piecemeal fashion through specific
statutes or regulations for various activities.” Similarly,
the Delaware respondent reported that groundwater use
is regulated by the state’s Water Allocation Regulations
while groundwater quality is “indirectly regulated through
a host of related rules and regulations.”

Survey respondents reported that state laws recognize
to varying degrees the connection between surface water
and groundwater, groundwater quality, groundwater con-
servation, and groundwater-dependent aquatic ecosystems
(Table 1). Half of respondents said that state law explicitly
recognizes or addresses the connection between surface
water and groundwater. The Alabama respondent said pol-
icy documents allude to the importance of the connection
between groundwater and surface water resources, but that
the connection is not explicitly made in state water laws.
The Louisiana respondent noted a “dawning recognition”
but no explicit state law.

Forty-three respondents (84%) confirmed that state
law explicitly addresses groundwater quality, and 36
respondents (71%) said that water conservation regu-
lations apply to groundwater use. Half of respondents
reported that state law considers the needs of groundwater-
dependent ecosystems (Table 1). Respondents from
Montana and Nebraska reported indirect environmental
protection through in-stream flow provisions.

In many states, authority for groundwater oversight
and enforcement rests with both state and local agencies.
Nearly all respondents identified state agencies as
responsible for oversight and enforcement, and roughly
two-thirds of respondents also noted local agencies that
have oversight and enforcement authority. Authority for
water quantity and water quality rests with different
agencies in 36 states according to survey respondents
(Table 1). The state-level agencies include environmental
and natural resources agencies and departments, water
resource boards and departments, and health depart-
ments. Similarly, local-level authority rests with health
and environmental departments as well as municipal
and county governments. These agencies use a variety of
tools to oversee groundwater use and withdrawals, includ-
ing monitoring, use permits, state- or regional-planning,
designating protected areas, and voluntary activities.

States’ capacity to implement and enforce ground-
water laws varies across the country, according to survey
respondents. When asked whether these agencies have
sufficient capacity to carry out their responsibilities,
half the respondents replied yes, and half replied no
or did not respond. Of the 23 respondents (45%) who
replied no, ten cited insufficient staffing levels and lack
of funding due to budget cuts and other priorities. The
Hawaii respondent said that most staff time is spent
“reacting to immediate disputes . . . and larger funda-
mental long-term responsibilities become secondary.”
The Oregon respondent echoed a common sentiment:
the state agency charged with groundwater management
has been “historically underfunded and understaffed
to carry out the various duties required by statute and

rule.” According to the Minnesota respondent, “Current
mechanisms in state law make it very time consuming
to make a case against illegal groundwater appropriators,
and the penalties are often minor.”

Substantial Changes to Groundwater Governance
The survey asked state officials if they have observed

substantial changes in groundwater management in their
state over the past few decades; 35 respondents (69%)
replied yes (Table 1). These respondents cited similar
reasons for these changes, including federal and state laws,
increased awareness of water supply issues in the state,
and increased use and reliance on groundwater.

The respondents suggested a variety of reasons for
an increased awareness of water supply issues: current
and ongoing drought, conflicts between water users,
impacts on natural resources from increased groundwater
pumping, and potential for contamination. Some of these
factors have driven increased use and reliance on ground-
water. Regional factors include a shift in agricultural
uses (Georgia) and increased oil-field industrial use for
hydraulic fracturing (North Dakota). The respondent from
Colorado noted that “changing hydrologic conditions,
changes to river call conditions, and other factors have
led to tighter administration and inclusion of other
nontraditional uses in administration [of groundwater].”

Specific examples of these changes to groundwa-
ter governance included new management institutions
and strategies, emphasis on data and science, and estab-
lishing voluntary conservation programs. For example,
respondents from California and Texas noted an increase
in groundwater management planning and new conser-
vation districts to manage groundwater. The Indiana
respondent cited changes to groundwater management,
such as registering facilities that withdraw significant
amounts of water, adding new permit requirements, and
imposing liability for harm caused by large withdrawals.
Respondents from Montana, Oklahoma, and Oregon
explained that in the past few decades their states began
recognizing the connection between groundwater and sur-
face water, leading to increased scrutiny for uses that
affect both resources.

Respondents from Kansas and Hawaii reported an
increased emphasis on collecting data and filling scientific
gaps. In Kansas, changes include monitoring withdrawals
by requiring meters on wells and requiring annual water
use reports. As a result, the Kansas respondent noted
that most major aquifers in the state are hydrologically
modeled. Similarly, the Hawaii respondent noted the
passage of laws in 1978 that enabled the state to gather
reports of all groundwater use and estimate groundwater
availability.

Some states have established new voluntary ground-
water management and conservation programs. The
California respondent cited the passage of Assembly Bill
3030 in the 1992 Groundwater Management Act that led
to “a new era of voluntary, non-regulatory groundwa-
ter management.” The Oregon respondent reported that
new applications for groundwater use are more carefully
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Figure 1. Groundwater governance priorities selected by
survey respondents.

evaluated for hydraulic connection with surface water in
order to “protect senior surface water rights, including
in-stream water rights.”

Priorities for Groundwater Governance
Respondents were also asked to select among

nine issues as priorities for their state’s groundwater
governance (Figure 1). The three most selected priorities
were water quality and contamination (45 respondents),
conflicts between water users (36 respondents), and
declining groundwater levels (32 respondents). Other
priorities included quantification of water rights (20
respondents), regulatory disputes (12 respondents), and
access (9 respondents). Respondents from Washington
and Maine said there have been no clearly articulated
priorities in their state.

Observations on Survey Findings
This preliminary survey demonstrates that groundwa-

ter governance across the United States is decentralized,
complex, and far from uniform. States are in different and
evolving stages of developing groundwater governance,
but they face common challenges to address common pri-
orities. The survey reveals considerable variation in how
states divide authority over groundwater and how state
laws define water, water quality, and water quantity. States
also differ in how complete their groundwater laws are,
how they integrate with surface water laws, and whether
such laws account for the needs of the environment and
groundwater-dependent ecosystems. States have common
and basic governance priorities: groundwater allocation,
both to whom and how much, and groundwater quality.
These priorities are influenced by diffuse and often frag-
mented authority and by the artificial distinction between
surface water and groundwater.

At best, the experiences of different states can serve
as laboratory experiments. Where innovation is occur-
ring, prospective lessons may be exported to other states.
Survey responses signaled a growing recognition of the
need to integrate water management across sectors and
across resources, and to account for the often-ignored

environmental sector. But political and financial barriers
remain, even though groundwater regulations are rela-
tively new and do not carry the unwieldy legal history
of surface water laws. Interest in regulating groundwater
thus presents an opportunity to incorporate both lessons
learned from surface water laws and accurate hydrologic
information. Below we highlight several of our major find-
ings, based on an analysis of the survey results.

Fragmented Governance
Groundwater governance across the United States is

fragmented: multiple governmental agencies at different
levels may have authority over a particular facet of
groundwater without a mandate to protect the entire
resource. Survey respondents identified a range of state-
and local-level government agencies that are responsible
for allocating groundwater quantity and maintaining
groundwater quality. Within some states, respondents
pointed out that separate agencies are responsible for
different aspects of groundwater, and quality may be
further subdivided into quality for human consumption
and quality for environmental use.

Fragmented authority may lead to ineffective
and limited planning, gaps in or duplicate regulation,
and ignored cumulative impacts. Governmental agen-
cies with only partial authority over an environmental
problem may sidestep a politically difficult question or
decision (Doremus 2009). However, fragmented authority
over a common-pool resource can have benefits. With
large-scale environmental issues or resources, such as
groundwater, agencies and stakeholders interact both
horizontally (among government agencies at the same
level) and vertically (among different tiers of government)
to coordinate and sometimes contest governance. This
interaction may lead to an informal system of checks and
balances (Blomquist and Schlager 2005; Ostrom 2010).
Finding the appropriate balance between fragmented and
centralized authority is an enduring theme in U.S. water
resource governance, one that will likely continue to
challenge groundwater governance practices.

Incomplete Legal Frameworks
States’ legal frameworks for groundwater governance

often do not reflect the current state of hydrologic
knowledge and are not comprehensive. The survey
reveals two artificial distinctions present in many states:
(1) between surface water and groundwater and (2)
between groundwater quality and groundwater quantity.
These distinctions illustrate how law and hydrology have
evolved in isolation and sometimes in opposition.

Surface water and groundwater are closely linked
through recharge and discharge; groundwater contributes
to the base flow of many rivers and the base level of many
lakes.

Half of states already explicitly recognize the
connection between surface water and groundwater;
but the remaining half are only beginning to recognize
this interconnection, have only achieved piecemeal
recognition, or simply do not. In addition, water quality
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and water quantity are also closely linked. Sufficient
quantity can dilute otherwise harmful concentrations
of pollutants, decreasing the harm to water quality and
to the aquatic environment. The common, misleading
distinction between water quality and water quantity is
evident in the survey responses: at least nine respondents
from water quantity agencies, when asked about explicit
state laws that address groundwater quality, referred to a
sister agency that deals with water quality.

States’ groundwater laws also fail to account
for all groundwater needs, including environmental
needs and those of groundwater-dependent ecosystems.
Groundwater management serves the well-established,
consumptive-use sectors—agriculture, industry, and
drinking water supplies—at the expense of the environ-
ment and ecosystem services. In Arizona, for example,
state water law does not require water managers to con-
sider the needs of the environment, dubbed the “forgotten
sector” (Megdal et al. 2011). The environment may be
considered on an ad hoc basis through voluntary efforts
(Megdal et al. 2011), which are neither enforceable
nor sustained. Other sectors have long quantified their
groundwater needs, whereas the quantified water needs
for the environment generally do not exist.

Common Priorities for Groundwater Governance
Notwithstanding the variations in groundwater gover-

nance frameworks across the United States, respondents
nevertheless confirmed two common priorities for ground-
water governance: water quality and water allocation (how
much and to whom). Addressing these common priorities
will become paramount as changes in climate, land use,
and population alter the hydrologic cycle (Georgakakos
et al. 2014). Despite the array of institutions with partial
responsibility for governing groundwater, only a hand-
ful of states identified interagency jurisdictional conflict
as a priority. Perhaps this is due to the limited survey
audience or to the relatively nascent state of groundwater
governance in most states.

Groundwater recharge is strongly influenced by
climate variability and extreme precipitation events
across varying temporal scales. Where the surface water
and groundwater connection is closely linked, the impact
of climate change on groundwater recharge will be more
profound. More indirectly, land-use change—driven by
population increases, economic growth, energy develop-
ment, and urbanization—may have an even stronger influ-
ence on the hydrologic cycle than climate change (Taylor
et al. 2013). Human demand for freshwater and accom-
panying land-use changes have led to a large-scale redis-
tribution of freshwater from lakes, rivers, and aquifers to
arable land. As a result, groundwater-irrigated areas over-
lying aquifers have experienced significant groundwater
depletion, such as has occurred in the Ogallala Aquifer
of the High Plains (Konikow 2013; Russo et al. 2014).

The ability of states to address these common
priorities is critical to good groundwater governance and
management. Questions of quality and quantity have
challenged surface water regulation for centuries, but

the relatively new body of groundwater law provides an
opportunity to adopt successful practices and reconsider
unsuccessful approaches.

Remaining Challenges and Knowledge Gaps
Many challenges and obstacles remain in achieving

effective and robust groundwater governance. Overall,
survey respondents indicate that multiple converging
factors have driven increased interest in regulating
groundwater and in strengthening groundwater gov-
ernance. Respondents cited factors such as a shift in
groundwater uses (from agriculture to urban); regional
drought; conflicts between junior and senior water appro-
priators; and preventing contamination and preserving
the quality of groundwater. The ongoing expansion of
hydraulic fracturing and existing subsurface drilling
and oil extraction have driven interest in protecting
groundwater quality through legislation (Pless 2012).

Many governance tools exist already, such as aquifer
storage and recovery programs, market-based transfers,
mitigation programs, and partnerships between govern-
ment agencies and nongovernmental organizations. Other
tools are formal, such as compacts, negotiated settle-
ments, and adjudications. Whether—and the extent to
which—states have implemented these tools or evaluated
how effective these tools are in achieving sustainable
outcomes is unclear. Few sources in the literature have
suggested methods to evaluate the effectiveness and
substantive outcomes of these tools. Our survey raises
questions about the legal, administrative, and financial
capacity of state agencies to implement these tools in light
of state politics, competing interests, tight state budgets,
incomplete hydrologic information, and other constraints.

Figure 2 overlays the percentage of each state’s
reliance on groundwater (Kenny et al. 2009) with states
that are concerned about declining groundwater, as
reported by survey respondents. The figure shows that,
regardless of the extent of groundwater dependence, many
states in different geographic locations and with different
climatic conditions are concerned with declining levels
of groundwater. Combining survey responses and data,
such as in Figure 2, raises many questions for additional
research: Do states that are highly depend on groundwater
and that cite declining groundwater levels as a priority
have the legal and regulatory authority and tools to
address declining groundwater levels? Do those states
have the personnel and financial resources and capacity to
address this priority? This survey raises other questions,
such as: What are the groundwater priorities of the
various stakeholder constituencies around the country?
How do groundwater priorities fit into overall water
priorities? Which tools, strategies, or approaches have
been successful, and what lessons can be exported from
those states or regions to other locations?

Perhaps the greatest challenges are to design
groundwater governance processes that achieve a balance
between fragmented and centralized authority and that
integrate hydrology into existing and future groundwater
laws and regulations. A successful governance framework
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Figure 2. Map of states’ reliance on groundwater for total water withdrawals (Kenny et al. 2009) and states concerned with
declining groundwater levels (Gerlak et al. 2013).

should be designed to cope with imperfect knowledge
of the groundwater resource, to reconcile conflicts, to
link across temporal and spatial scales, and to adapt
to changes as they arise (Ostrom et al. 2003). Fragmented
authority, however, comes with benefits: different agen-
cies with overlapping authority may contribute new ideas
and approaches to management, and diverse interest
groups for each agency can help ensure that decisions
are not the result of a dominant interest. However, little
information and few case studies prescribe how best to
divide authority over a common resource. Even more
pressing is the need for groundwater laws to reflect
hydrologic realities, namely, the connection between
surface water and groundwater and the connection
between groundwater quality and quantity. Examples of
integration exist, for example in Florida and in certain
regions of Arizona, but nationwide more monitoring and
investigation remain to be done.

Concluding Remarks
This survey represents an initial step in a broader

effort to characterize groundwater governance practices
in the United States. This analysis, along with discussions
with national and international groundwater experts,
indicates the demand for and value of additional research
on groundwater governance. Our two-tiered research plans
include steps to expand our survey efforts: refining
the questionnaire, reaching out to a broad spectrum of
experts, and conducting in-depth analysis of case studies

in the United States. We will investigate in further
detail groundwater governance practices, approaches,
trends, and innovations, focusing on catalysts of and
impediments to integrating groundwater and surface water
management. This work will allow us to assess the
effectiveness of existing governance frameworks and to
identify best practices for good groundwater governance.
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