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I. INTRODUCTION 

Groundwater is of immense importance in the United States, particularly in 
the West where precipitation is highly variable and often scarce. Groundwater di-
rectly provides 40% to 45% of the water used for irrigation and domestic consump-
tion in the western United States.1 In many regions of the West, the percentage of 
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thanks to Rebecca Nelson, both for stimulating discussions about the issues in this paper and for her excel-
lent work on how local groundwater agencies in California are approaching the problems discussed here. 

 1. Gary Bryner & Elizabeth Purcell, Groundwater Law Sourcebook of the Western United 
States 1 (2003).  Groundwater constitutes about 40% of water used for domestic purposes in the United 
 



266 IDAHO LAW REVIEW [VOL. 47 
 
direct use is even higher,2 and its use is growing.3 One cannot appreciate the full 
importance of groundwater, moreover, without understanding its connections with 
surface waterways and ecosystems. Groundwater is the source of almost 40% of the 
nation’s surface flows.4 Thus, groundwater really supplies about two-thirds of all 
water used for agriculture or domestic use (the 40% directly supplied through 
groundwater pumping, plus 40% of the surface supplies). Although less frequently 
recognized, groundwater also is ecologically critical. For example, groundwater 
provides critical late-summer flows for many surface streams, supports species-rich 
springs and wetlands, and furnishes water to surface vegetation such as oaks in 
Mediterranean climates.5 

Given the importance of groundwater, it is surprising how poorly the law of 
most states has protected groundwater and the surface flows and ecosystems reliant 
on it. Abetted by lax legal rules and poor enforcement, groundwater over-drafting 
remains a serious problem in vast areas of the High Plains (including the Ogallala 
Aquifer), Pacific Northwest, and Southwest.6 For years, moreover, the law of most 
states failed to recognize the hydrologic connection between groundwater and sur-
face water, treating them as two physically separate resources,7 in effect turning the 
hydrologic cycle into a “hydrologic bicycle.”8 Similarly, most states have failed to 
address the ecological harms from excessive groundwater use.9 Most states also 
have failed to adequately protect surface lands critical to the recharge of groundwa-

                                                                                                                                             
States as a whole.  JOSEPH L. SAX, BARTON H. THOMPSON, JR., JOHN D. LESHY & ROBERT H. ABRAMS, 
LEGAL CONTROL OF WATER RESOURCES 395 (4th ed. 2006). 

 2. See, e.g., BRYNER & PURCELL, supra note 1, at 1 (groundwater is half of all water used in 
the Rio Grande, Great, and Lower Colorado basins); CAL. DEP’T OF WATER RES., BULLETIN 118, 
CALIFORNIA’S GROUND WATER 140 (2003) (groundwater furnishes over 80% of the water used by agricul-
tural and urban users in the Central Coast of California).  Direct groundwater use varies considerably from 
region to region, depending on overall water demand and the relative availability and quality of groundwa-
ter and surface water. Ninety percent or more of the residents of Idaho and New Mexico use groundwater.  
BRYNER & PURCELL, supra note 1, at 2.  Use of groundwater is particularly important in rural areas, with 
more than 95% of the rural population in the United States depending on groundwater for drinking water.  
Ger Bergkamp & Katharine Cross, Groundwater and Ecosystem Services: Towards Their Sustainable Use, 
in INSTITUTO GEOLÓGICO Y MINERO DE ESPAÑA, INTERNATIONAL SYMPOSIUM ON GROUNDWATER 
SUSTAINABILITY 177, 179 (2007), available at 
http://aguas.igme.es/igme/isgwas/Ponencias%20ISGWAS/13-Bergkamp.pdf; W. WATER PROJECT, TROUT 
UNLIMITED, GONE TO THE WELL ONCE TOO OFTEN: THE IMPORTANCE OF GROUND WATER TO RIVERS IN 
THE WEST 6 (2007) [hereinafter TROUT UNLIMITED]. 

 3. See Edella Schlager, Challenges of Governing Groundwater in U.S. Western States, 14 
HYDROGEOLOGY J. 350, 351 (2006) (groundwater use in the United States grew 14% between 1985 and 
2000). 

 4. David W. Moody, Jerry Carr, Edith B. Chase & Richard W. Paulson, U.S. Geological Sur-
vey, Water-Supply Paper 2325, National Water Summary 1986, 3 (1988). 

 5. Jeanette Howard & Matt Merrifield, Mapping Groundwater Dependent Ecosystems in Cali-
fornia, PLOS ONE (June 23, 2010), http://www.plosone.org/article/info:doi/10.1371/journal.pone.0011249. 

 6. U.S. GEOLOGICAL SURVEY, FACT SHEET 103-3, GROUND-WATER DEPLETION ACROSS THE 
NATION 3–4 (2003) available at http://pubs.usgs.gov/fs/fs-103-03/JBartolinoFS%282.13.04%29.pdf. 

 7. SAX ET AL., supra note 1, at 454–68. 
 8. Raphael Moses, Basic Groundwater Problems, 14 ROCKY MTN. MIN. L. INST. 501, 503 

(1968). 
 9. See, e.g., Howard & Merrifield, supra note 5, at 1 (noting that there are few policies in the 

United States that consider groundwater dependent ecosystems when managing groundwater resources). 
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ter aquifers.10 The law, in short, has largely ignored physical connections that are 
central to protecting groundwater and its societal benefits: connections between 
groundwater and surface water, between groundwater and “groundwater-dependent 
ecosystems” (GDEs), and between land use and groundwater recharge.11 

A first step in curing this problem is to make the connections. Many states’ 
laws now recognize the connection between surface-water use and groundwater 
use, even integrating the two into a unified water rights system.12 Unfortunately, a 
few states, including California, have yet to make even this simple connection at a 
statewide level.13 And the connection in many states is stronger on paper than in 
practice. States, moreover, have been far more neglectful of the other two connec-
tions. As discussed below, very few states actively protect GDEs from the adverse 
impacts of excessive groundwater pumping. And no western state has adopted a 
state-wide program to protect groundwater basins from land uses and development 
that reduce the quantity or quality of recharge. 

Making connections, furthermore, is only the first step. To maximize the so-
cietal benefits of the West’s limited water resources, states must also provide for 
the integrated, dynamic, and adaptive management and use of each constituent 
element of the overall hydrologic system—or what I will call “multidimensional 
conjunctive management.” Water users must be free to switch from surface to 
groundwater, and vice versa, as efficiency dictates and to use groundwater aquifers 
as storage reservoirs when and where valuable, groundwater use must adjust to new 
information over time regarding impacts on GDEs, and cities must dynamically 
optimize combined land-use and water decisions. 

At least two general options are available for multidimensional conjunctive 
management—markets and governmental regulation.14 First, the government can 

                                                             
 10. See Barton H. Thompson, Jr., Water Management and Land Use Planning: Is It Time for 

Closer Coordination?, in WET GROWTH: SHOULD WATER LAW CONTROL LAND USE? 95, 114 (Craig 
Anthony (Tony) Arnold ed., 2005). 

 11. Another important connection is the impact of groundwater withdrawals and quality on sur-
face water quality.  See, e.g., A.J. Boulton & P.J. Hancock, Rivers as Groundwater-Dependent Ecosystems: 
A Review of Degrees of Dependency, Riverine Processes and Management Implications, 54 AUSTL. J. 
BOTANY 133, 139 (2006) (noting relationships between groundwater quality and quantity and surface water 
quality). Water law historically did not do a good job generally of connecting issues of water quantity and 
water quality, and groundwater law is no exception.  SAX ET AL., supra note 1, at 1009.  Because water 
quality protection raises issues under the Clean Water Act that are distinct from the questions discussed 
below, this Article does not deal with this last connection.  However, the connection is equally important to 
a well managed hydrologic system. 

 12. See, e.g., Barbara Tellman, Why Has Integrated Management Succeeded in Some States but 
Not in Others?, 106 WATER RESOURCES UPDATE 13, 13 (1996), available at 
http://www.cwagaz.org/groundwater%20and%20surface%20water%20management%20in%20the.pdf. 

 13. See, e.g., Joseph L. Sax, We Don’t Do Groundwater: A Morsel of California Legal History, 
6 U. DENV. WATER L. REV. 269, 270 (2003) (discussing and critiquing California law); Ellen Hanak, Jay 
Lund, Ariel Dinar, Brian Gray, Richard Howitt, Jeffrey Mount, Peter Moyle & Barton “Buzz” Thompson, 
Myths of California Water – Implications and Reality, 16 HASTINGS W.-NW. J. ENVTL. L. & POL’Y 3, 53-
57 (2010) (criticizing the “legal myth” in California that groundwater and surface water are separate re-
sources); William Blomquist, Tanya Heikkila & Edella Schlager, Institutions and Conjunctive Water Man-
agement Among Three Western States, 41 NAT. RESOURCES J. 653, 666 (2001) (noting California’s separate 
systems for surface-water and groundwater rights). 

 14. This basic choice, of course, pervades virtually all environmental and natural-resource law.  
See JAMES SALZMAN & BARTON H. THOMPSON, JR., ENVIRONMENTAL LAW AND POLICY 47–50 (3d ed. 
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establish an integrated system of property rights and then allow water users them-
selves to adjust the ownership and use of those rights (switching, for example, from 
surface water to groundwater) through market transactions or other forms of com-
pensated transfers in response to new knowledge, new technology, and shifts in 
demand. Second, the government can claim the management responsibility for it-
self and adaptively manage the water system and its parts through expert agencies, 
stakeholder processes, or other public decision-making. The government also can 
manage an overall water system through a combination of both markets and regula-
tion, recognizing the potential synergies and conflicts between them. 

Part II of this Article sets out basic goals and design principles for multidi-
mensional conjunctive management. The rest of the Article then uses these goals 
and principles to critique existing state practices and to consider improved man-
agement systems. Part III examines the steps that states have taken to make the 
basic connections between groundwater and other elements of the overall hydro-
logic system (surface water, GDEs, and land use). Part IV considers the option for 
going beyond these basic connections to allow and promote adaptive responses to 
shifting information, values, and conditions. Part IV(B) considers the opportunity 
for adaptation through markets, while Part IV(C) looks at integrated governmental 
management. Part V provides a short conclusion. 

II. GOALS AND PRINCIPLES 

The overarching goal of a water management system should be to ensure that 
the hydrologic system as a whole provides maximum value to society at all points 
in time.15 Groundwater management involves tradeoffs. Both groundwater use and 
land development can be beneficial. Increased groundwater withdrawals, however, 
can reduce water availability to users of hydrologically connected surface water or 
harm GDEs.16 Land development, accompanied by impervious surfaces, can reduce 
groundwater recharge and the quality of that recharge and thus the health and sus-
tainable yield of an aquifer.17 Decisions to increase groundwater pumping or de-
velop land should take these impacts into account and only go forward if the socie-
tal benefits outweigh the costs. Decisions as a whole should seek to maximize the 
net benefits to society. 

Management systems also should maximize overall societal value over time, 
not just when the system is first created. Conditions change. The net value of 

                                                                                                                                             
2010) (discussing the basic elements and comparative advantages and disadvantages of prescriptive regula-
tion and property rights in resolving environmental and resource disputes). 

 15. This Article takes a strong utilitarian approach to groundwater management, seeking to 
maximize overall societal value.  However, it does not establish a preference for one mode of valuation 
(e.g., monetary market-driven valuation) over all others (e.g., community-based valuation or ecological 
valuation).  For a discussion of alternative valuation approaches, see U.S. ENVTL. PROT. AGENCY, EPA-
SAB-09-012, VALUING THE PROTECTION OF ECOLOGICAL SYSTEMS AND SERVICES: A REPORT OF THE 
EPA SCIENCE ADVISORY BOARD 17, 43 (2009). 

 16. THOMAS C. WINTER, JUDSON W. HARVEY, O. LEHN FRANK & WILLIAM M. ALLEY, U.S. 
GEOLOGICAL SURVEY, CIRCULAR 1139, GROUND WATER AND SURFACE WATER: A SINGLE RESOURCE 14 
(1998), available at http://pubs.usgs.gov/circ/circ1139/pdf/circ1139.pdf. 

 17. BETSY OTTO ET AL., PAVING OUR WAY TO WATER SHORTAGES: HOW SPRAWL 
AGGRAVATES THE EFFECTS OF DROUGHT 11 (2002), available at 
http://www.smartgrowthamerica.org/DroughtSprawlReport09.pdf. 
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groundwater pumping might increase or decrease. Scientists might discover new 
information regarding how groundwater use harms GDEs or about the benefits of 
GDEs to a local region. New technologies (e.g., new pervious materials for road-
ways) might reduce the effect of land development on groundwater recharge. Man-
agement systems should take such changes into account on a timely basis and ad-
just overall uses and actions as needed to ensure that the hydrologic system contin-
ues to maximize the net value to society. 

These goals suggest several principles in choosing and designing a manage-
ment system: 

Integration. Management systems should integrate all related elements of 
the overall hydrologic system. Thus, management systems should inte-
grate groundwater aquifers with hydrologically connected surface waters, 
GDEs, and recharge from groundwater basins. Management systems must 
similarly have jurisdiction over a sufficiently broad geographical area to 
include all hydrologically-connected elements. A management system that 
includes only a groundwater basin, for example, might ignore downstream 
surface-water users or GDEs at a cost to overall societal value. 

Heterogeneity. Conditions in one region of the nation are likely to be quite 
different from those in another. As a result, appropriate rules are also 
likely to differ. Management systems should reflect that heterogeneity and 
not seek to impose the same approach or plan on every region. 

Flexibility. Because conditions and available information will inevitably 
differ over time, management systems must be flexible. As conditions and 
information change, uses and actions should also change in response. 

Information & Implementation Costs. Management systems must reflect 
the cost of obtaining information and of implementation (two major forms 
of managerial transaction costs). For example, although management sys-
tems ideally should take into account impacts on GDEs, systems should 
ignore GDEs where the costs of obtaining information about the GDE and 
its groundwater connections, as well as taking needed steps to protect the 
GDE, are likely to outweigh the potential benefits from protecting the 
GDE. Management systems, in short, must take into account both the 
benefits and costs of information and management. 

Dynamic Improvement. Subject to the costs of information and implemen-
tation, management systems should encourage the development and use of 
new practices and technologies that can increase the water system’s net to-
tal value to society. Management systems, in other words, should promote 
actions that lead to increased societal value over time. 

The choice and design of management systems, of course, also must consider 
political obstacles and opportunities—or they will be doomed to failure. Manage-
ment systems are grafted onto established systems of water rights and land use. 
Systems that threaten established water rights are likely to draw substantial political 
opposition from the holders of those rights, as well as potential takings claims. Sys-
tems that materially increase the cost or difficulty of land development are likely to 
generate political opposition from landowners and developers. Governmental agen-
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cies also may oppose efforts to interfere with their traditional jurisdiction or to ex-
pand their jurisdiction into politically controversial areas. In California, for exam-
ple, the State Water Resources Control Board, which oversees surface water rights, 
has yet to seize the suggestion, supported by strong legal analyses, that it can and 
should use its existing jurisdiction to manage hydrologically-connected groundwa-
ter.18 

III. MAKING THE BASIC CONNECTIONS 

The first step toward more effective groundwater management is to connect 
groundwater with other key parts of the hydrologic system. As noted in Part I, these 
parts include hydrologically-connected surface waters, GDEs, and recharge. Al-
though a growing number of states have made the first connection (at least on pa-
per), few have actively addressed the latter two. Some states, including California, 
have failed to make state-wide connections on any of the three, although local 
agencies have sometimes stepped in to fill the vacuum. 

A. Hydrologically-Connected Surface Waters 

The need to jointly manage hydrologically interconnected groundwater and 
surface water has received significant attention, both from policy makers and aca-
demics.19 With groundwater providing forty percent of surface water flows, the 
potential for groundwater withdrawals to affect the availability of surface water is 
obvious.20 Surface water also feeds underlying or connected groundwater, so in-
creased diversions of surface water can reduce groundwater availability.21 While 
conflicts can run both directions, most disputes have involved surface water users 
complaining of groundwater withdrawals—because surface water users in most 
regions tend to be senior to groundwater pumpers and thus enjoy the stronger claim 
under the West’s predominant prior-appropriation doctrine.22 

                                                             
 18. See Ellen Hanak, Jay Lund, Ariel Dinar, Brian Gray, Richard Howeitt, Jeffrey Mount, Peter 

Moyle & Barton “Buzz” Thompson, Managing California’s Water: From Conflict to Reconciliation 323-
328, 381 (2011) (also emphasizing the importance of the board extending its jurisdiction to groundwater); 
Sax, supra note 13 (analyzing the legal support for jurisdiction over groundwater). 

 19. One of the earlier articles calling for integration of hydrologically interconnected groundwa-
ter and surface water was Samuel Wiel, Need of Unified Law for Surface and Underground Water, 2 S. 
CAL. L. REV. 358 (1929).  In its 1973 final report, the National Water Commission called for the integrated 
management of groundwater and surface water.  NATIONAL WATER COMM’N, WATER POLICIES FOR THE 
FUTURE 232 (1973).  For a cross-section of more recent articles, see John D. Leshy & James Belanger, 
Arizona Law Where Ground and Surface Water Meet, 20 ARIZ. ST. L.J. 657 (1988); Douglas Grant, The 
Complexities of Managing Hydrologically Connected Surface Water and Groundwater Under the Appro-
priation Doctrine, 22 LAND & WATER L. REV. 63 (1987); Frank J. Trelease, Conjunctive Use of Groundwa-
ter and Surface Water, 27 ROCKY MTN. MIN. L. INST. 1853 (1982); Sax, supra note 13; Hanak et al., supra 
note 13, at 53–57. 

 20. See WINTER ET AL., supra note 16, at 1–18 (discussing the hydrologic interactions of 
groundwater and surface water). 

 21. Id. 
 22. See SAX ET AL., supra note 1, at 459 (observing that surface water users are frequently senior 

to groundwater users); John Bredehoeft, Hydrologic Trade-Offs in Conjunctive Use Management, GROUND 
WATER,1 (Sept. 28,  2010), http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.2010.00762.x/pdf 
(noting that most surface water was appropriated by 1900, while groundwater was mostly developed after 
World War II). 
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Western water law has long recognized connections between groundwater and 

surface water, but historically only in the limited circumstances where courts de-
termined that the groundwater constituted the “subflow” of a surface waterway or 
an “underground stream”—two legal constructs with no hydrologic substance.23 In 
these two cases, the law of most states treated the groundwater as surface water, 
merging groundwater and surface water under the surface-law regime.24 In all other 
cases (involving what courts frequently labeled “percolating groundwater”), states 
developed separate systems for groundwater and surface water, sometimes with 
very different rules for allocation and with no process for resolving conflicts be-
tween the two.25 While this caused minimal problems so long as there was adequate 
surface water and minimal groundwater extractions, growth in groundwater use 
beginning in the mid-20th century increasingly brought groundwater and surface-
water users into conflict in the West, particularly when there were prolonged 
droughts.26 Improvements in groundwater models and information simultaneously 
decreased the cost and difficulty of managing surface water and groundwater on a 
unified basis. 

1. The Movement Toward Integration. 

About two-thirds of the eighteen western states have responded to these 
changes with statewide legislation, sometimes assisted by favorable judicial inter-
pretations, integrating a broader set of groundwater and surface-water rights than 
the common law historically linked.27 Some states have created unified water allo-
cation systems that integrate groundwater and surface water rights into the same 

                                                             
 23. See, e.g., Hudson v. Dailey, 105 P. 748 (Cal. 1909) (subflow of a stream); Hale v. McLea, 

53 Cal. 578 (1879) (discussing underground streams). 
 24. See, e.g., Hudson, 105 P. at 748 (subflow of a stream); Hale, 53 Cal. at 578 (1879) (discuss-

ing underground streams). 
 25. All western states allocate water by prior appropriation (although a few mix riparian rights 

into the surface system).  By contrast, western states historically used a variety of approaches for allocating 
groundwater, including not only prior appropriation, but also absolute ownership, reasonable use, and cor-
relative rights. See generally, SAX ET AL., supra note 1, at 417–43. 

 26. John Bredehoeft, Conjunctive Use of Ground Water and Surface Water – Success or Fail-
ure?, GROUND WATER NEWS & VIEWS, Nov. 2007, at 1, 1; Schlager, supra note 3, at 351. 

 27. Tellman, supra note 12, at 13.  The clearest exceptions are Arizona, California, Oklahoma, 
and Texas. Id. at 14. Arizona state law does not provide for the integrated management of surface water and 
groundwater, but courts nonetheless have fitfully moved the state toward more integrated management by 
defining the subflow of a river more expansively.  BRYNER & PURCELL, supra note 1, at 7; In re General 
Adjudication of Gila River System, 9 P.3d 1069 (Ariz. 2000).   The other three states do not provide for 
coordination of groundwater and surface water and, in some cases, do not effectively regulate groundwater 
at all at a statewide level.  Tellman, supra note 12, at 15.  Oklahoma actually worked to integrate the two 
systems, only to later abandon the effort.  Id. at 16.  Nebraska did not recognize the interconnection be-
tween surface water and groundwater until 2005, when the Nebraska Supreme Court ruled that courts 
should “balance the competing equities of ground water users and surface water appropriators” in resolving 
disputes between the two sets of right holders.  Spear T. Ranch v. Knaub, 691 N.W.2d 116 (Neb. 2005).   
Nebraska law now requires hydrologically connected groundwater to be considered in making appropria-
tion determinations.  See NEB. REV. STAT. § 46-713(1)(a).  See generally, John C. Peck, Groundwater 
Management in the High Plains Aquifer in the USA: Legal Problems and Innovations, in THE 
AGRICULTURAL GROUNDWATER REVOLUTION: OPPORTUNITIES AND THREATS TO DEVELOPMENT 296, 
299-302 (M. Giordano & K.G. Villholth eds., 2007) (describing relevant law in Kansas, Nebraska, and 
Texas). 
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system.28 Other states have maintained separate systems but manage them in an 
integrated fashion.29 Although most states have taken steps to integrate the systems, 
none has yet comprehensively integrated groundwater and surface water in all wa-
tersheds, and exceptions often exist.30 

In states that have not integrated surface water and groundwater, local water 
districts have sometimes promoted stronger linkages in their jurisdictions. How-
ever, local efforts have generally proven quite limited, both because districts sel-
dom enjoy full authority over both surface water and groundwater and due to po-
litical opposition from local groundwater users. California, for example, has so far 
eschewed statewide groundwater management in favor of management by local 
water districts. 31 A number of these districts have set a goal of minimizing surface-
water impacts, studied interactions between groundwater and surface water, and 
even encouraged groundwater users in areas with a high probability of impacts to 
switch to surface supplies.32 No local district, however, has fully integrated the two 
systems. As Professor Joseph Sax has observed, the laws empowering local agen-
cies to deal with conjunctive issues are “too limited to solve the problem.”33 

In the case of interstate watersheds, the U.S. Supreme Court has generally 
been more progressive than the states in recognizing the hydrologic connections 
between surface water and groundwater. The Supreme Court was one of the first 
courts to recognize the connections, holding in a 1907 interstate equitable-
apportionment case that groundwater flowing alongside the Arkansas River should 
be treated as part of the flow of the river.34 In three disputes decided over the last 
ten years involving interstate water compacts, the Supreme Court has found the 
compacts covered not only surface water but also hydrologically connected 
groundwater (even though none of the compacts included the explicit term 
“groundwater”).35 
                                                             

 28. Tellman, supra note 12, at 14; Grant, supra note 19, at 64. 
 29. Tellman, supra note 12, at 14; Grant, supra note 19, at 64; see also BRYNER & PURCELL, 

supra note 1, at 6 (noting that Nevada governs surface water and groundwater separately, but coordinates 
them in practice); Grant, supra note 19, at 65 n.9. 

 30. See, e.g., TROUT UNLIMITED, supra note 2, at 8 (discussing exceptions to Colorado’s inte-
gration of groundwater and surface water). 

 31. SAX ET AL., supra note 1, at 506–20; Sax, supra note 13, at 271; Hanak et al, supra note 13, 
at 55; Howard & Merrifield, supra note 5, at 2–3; Blomquist et al., supra note 13, at 668; Ella Foley-
Gannon, Institutional Arrangements for Conjunctive Water Management in California and Analysis of 
Legal Reform Alternatives, 6 HASTINGS W.-NW. J. ENVTL. L. & POL’Y 273, 290–96 (2000); MAURICE 
HALL, THE NATURE CONSERVANCY, WRITTEN TESTIMONY ON CALIFORNIA WATER GOVERNANCE TO THE 
LITTLE HOOVER COMMISSION: THE IMPORTANCE OF IMPROVED GROUNDWATER MANAGEMENT IN 
SUSTAINABLE WATER MANAGEMENT FOR CALIFORNIA’S PEOPLE AND ECOSYSTEMS 3–4 (2010). 

 32. Rebecca Nelson, Uncommon Innovation: Developments in Groundwater Management 
Planning in California 28-29 (Woods Inst, for the Env’t., Stanford Univ., Working Paper,,Sept. 3, 2010). 

 33. Sax, supra note 13, at 271. 
 34. Kansas v. Colorado, 206 U.S. 46, 114–15 (1907). 
 35. See Kansas v. Colorado, 543 U.S. 86, 90–91 (2004) (interpreting the 1949 Arkansas River 

Compact); First Interim Report of the Special Master at 43–54, Montana v. Wyoming, 552 U.S. 1175 
(2010) (No. 137, Original), 2010 WL 4111634 at *43–54 (interpreting the 1950 Yellowstone River Com-
pact); First Report of the Special Master at 44–45, Kansas v. Nebraska, 530 U.S. 1272 (2000) (No. 126), 
2000 WL 35789995 at *44–45 (interpreting the 1942 Republican River Compact). See generally, Marios 
Sophocleous, Review: Groundwater Management Practices, Challenges, and Innovations in the High 
Plains Aquifer, USA – Lessons and Recommended Actions, 18 HYRDROGEOLOGY J. 559, 566-565 (2010) 
(discussing the Supreme Court’s rulings in Kansas v. Colorado and Kansas v. Nebraska); Peck, supra note 
27, at 308-309 (describing Kansas v. Nebraska). 
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2. Policy Questions 

While most western states have provided for greater surface-water and 
groundwater integration for several decades or more, the details of how the integra-
tion works in practice is still often uncertain.36 Although the number of disputes 
between surface-water users and groundwater users has been growing, most states 
have not had to resolve more than a handful of cases to date, and states often have 
resolved these through informal administrative processes. As a result, there are few 
cases, regulations, or administrative rulings from which the details of integration—
or the lessons to be learned from such integration—can be gleaned. 

In connecting groundwater and surface water, states face at least four broad 
policy choices. First, when should states intervene to manage connections between 
surface water and groundwater? The impact of groundwater withdrawals on surface 
water is often delayed, sometimes by months or years,37 and one acre-foot of 
groundwater withdrawals typically translates into only a fractional reduction in 
surface-water availability.38 States therefore must decide how immediate and mate-
rial an impact must be to justify legal intervention. Although hydrologic models are 
increasingly sophisticated, moreover, uncertainties regarding the connection be-
tween groundwater withdrawals and surface-water availability can still be signifi-
cant.39 Disputes between surface water users generate similar issues, but problems 
of immediacy, materiality, and uncertainty typically are greater and more complex 
in the groundwater-surface water setting.40 

Western states have split in their answers to these questions, with some states 
favoring rules that provide for broad integration and others linking waters less fre-
quently. 41 In deciding when the connection between groundwater and surface water 
is sufficient to justify legal intervention, most states employ a general materiality 
test, leaving significant discretion to decision makers.42 Colorado, by contrast, pro-
vides a highly specific, but broadly inclusive test: groundwater is tributary to sur-
face water if its withdrawal would “within one hundred years, deplete the flow of a 
natural stream . . . at an annual rate greater than one-tenth of one percent of the 
annual rate of withdrawal.”43 

                                                             
 36. See, e.g., Grant, supra note 19, at 65, 73 (noting that states have not had a lot of experience 

in actually integrating surface water and groundwater rights). 
 37. See SAX ET AL., supra note 1, at 459 (observing that impacts from groundwater withdrawals 

can be lengthy); Grant, supra note 19, at 74–80 (noting problems of timing); Schlager, supra note 3, at 357 
(effects can be delayed days or even years); Juan Valdes & Thomas Maddock III, Conjunctive Water Man-
agement in the US Southwest, in WATER AND SUSTAINABILITY IN ARID REGIONS 221, 223 (G. Schneier-
Madanes & M.-F. Courel eds., 2010). 

 38. See Grant, supra note 19, at 80–84 (noting that the impact of groundwater withdrawals can 
sometimes be immaterial or incommensurate with the benefits of the pumping). 

 39. Id. at 90; SAX ET AL., supra note 1, at 455. 
 40. See, e.g., Schlager, supra note 3, at 357 (discussing the problem of dealing with delayed im-

pact under the prior appropriation system). 
 41. Tellman, supra note 12, at 15–16. 
 42. See, e.g., IDAHO ADMIN. CODE 37.0301.11.020.01 (2011) (material injury); MONT. CODE 

ANN. §§ 85-2-342 to -343 (2009); Mont. Trout Unlimited v. Mont. Dep’t. of Natural Res. & Conservation, 
133 P.2d 224 (Mont. 2006) (discussing application of the Montana rule). 

 43. COLO. REV. STAT. § 37-90-103(10.5) (2010). See generally BRYNER & PURCELL, supra note 
1, at 22 (describing application of Colorado law). 
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States also differ on how to deal with scientific and factual uncertainty. Colo-
rado, for example, presumes that all groundwater is connected, but water users who 
believe that their groundwater is separate can rebut the presumption.44 Other states, 
by contrast, often start with a presumption that surface water and groundwater are 
legally separate and require surface water users to establish that groundwater with-
drawals are materially interfering with their use,45 or vary the presumption depend-
ing on whether a current surface water user is objecting to an established ground-
water right or someone is seeking a new groundwater permit.46 Yet others assume 
material connection in certain factual settings (e.g., where a groundwater well is 
within a set distance from a surface waterway).47 

A second, related choice is whether to phase in the integration of surface wa-
ter and groundwater (e.g., by integrating rights only in designated basins or where a 
new application is made to extract groundwater) or, alternatively, to apply the rule 
immediately to all relevant waters. Obtaining information regarding the connec-
tions between surface water and groundwater, and then determining how best to 
manage conflicts, can be expensive.48 As a result, the costs of across-the-board in-
tegration can exceed the resulting gains. For this reason, most states require new 
groundwater withdrawals to prove they will not materially interfere with surface 
water rights, but leave the integration of existing rights to case-by-case lawsuits or 
stream adjudications.49 

California could be viewed as an example of a phased approach (albeit with 
little structure or strategy). As noted earlier, California generally leaves integration 
up to local water agencies and courts, effectively phasing in integration according 
to local interest. For at least one river basin, moreover, the California legislature 
has provided the state water board with authority to adjudicate both surface rights 
and related groundwater rights because it was “necessary . . . for a fair and effective 
judgment of . . . rights.”50 And the water board has recently limited withdrawals on 
an integrated basis in another watershed.51 

                                                             
 44. SAX, et al., supra note 1, at 412; BRYNER & PURCELL, supra note 1, at 22; Susan V. Roberts, 

Conjunctive Surface Water and Groundwater Management: A New Framework for Strategic Decision-
Making 98 n.36 (June 1, 2010) (unpublished Ph.D. dissertation, Texas State University-San Marcos), avail-
able at http://ecommons.txstate.edu/cgi/viewcontent.cgi?article=1031&context=bioltad. 

 45. See, e.g., Tellman, supra note 12, at 15 (noting that Wyoming presumes waters are not con-
nected unless proven otherwise); James S. Lochhead, Brownstein Hyatt & Farber, P.C., Address at the 2004 
Natural Resources Law Center Conference: The Future of Groundwater in the West 5–6  (June 2004) ( 
While the address focused on Colorado administrative practice, many issues are essentially the same with 
respect to Idaho administrative practice.); Jeffrey C. Fereday, Givens Pursley, Conjunctive Management of 
Ground and Surface Water: The Idaho Experience C2-1, C2-15 (Sept. 23-24, 2010) (discussing Idaho prac-
tice of placing initial burden on senior users of establishing material injury). 

 46. See, e.g., Grant, supra note 19, at 92 (describing Idaho judicial decisions). 
 47. See, e.g., BRYNER & PURCELL, supra note 1, at 48 (describing Oregon assumptions for when 

groundwater use is likely to substantially interfere with surface water use). 
 48. Schlager, supra note 3, at 354. 
 49. See, e.g., BRYNER & PURCELL , supra note 1, at 41 (describing New Mexico’s approach); 

SAX ET AL., supra note 1, at 459–60, 462–63 (describing approaches of Colorado, Montana, Washington, 
and Wyoming); Sophocleous, supra note 35, at 572 (noting that most western states exempt existing users 
from restrictions designed to protect surface-right holders).  States also often exempt existing users for 
political reasons.  Id. 

 50. Sax, supra note 13, at 303–04 (quoting Cal. Water Code § 2500.5 for when the California 
legislature dealt with the Scott River); Hanak et al., supra note 13, at 56. 

 51. Hanak et al., supra note 13, at 56 (discussing regulation of the Russian River). 
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A third choice is how to integrate groundwater and surface water that are held 

to be legally interconnected. Here states have adopted a more uniform approach, 
largely because all of the states to integrate groundwater and surface water applied 
the prior appropriation doctrine to both surface water and groundwater immediately 
before integration.52 Not surprisingly, these states have integrated rights largely by 
priority of use—which has generally resulted in surface water rights being superior 
to groundwater.53 

Merging the two systems, however, has not proven simple. Conflicts among 
established users of groundwater and surface water (who have frequently invested 
considerable capital in their water use) are inevitable.  Most institutions were de-
veloped for surface water and are not always well suited for groundwater, yet creat-
ing new institutions can be costly.54 Given the conflicts among established users, 
some states have added equitable principles, such as sharing or public considera-
tions, to prior appropriation as criteria for resolving disputes between surface-water 
and groundwater users.55 States that follow different rules for surface water and 
groundwater, which include most of the states that still have not combined surface 
rights and groundwater, obviously face a more difficult task in integrating rights. 

A final choice is whether to exempt certain groundwater uses from the inte-
grated regimes, typically because the groundwater uses are small. Many states, for 
example, exempt small domestic wells (and, in some cases, all domestic wells) 
from rules integrating surface water and groundwater, based in part on the assump-
tion (or at least assertion) that such wells will not have a material impact on surface 
water availability.56 Oregon exempts a wide variety of small wells, no matter what 
the use of the water.57 A few states also exempt groundwater extracted for mineral 
use from any form of state regulation, including integration with surface water, 
presumably for political reasons.58 

There has been little analysis of the advantages and disadvantages of the vari-
ous options that states have adopted to these questions. The choice between narrow 
and inclusive rules for integrating surface-water and groundwater rights raises vari-
ous distributional issues—between senior surface-water users and junior groundwa-
ter users, between agricultural water users (who tend to be senior surface users) and 

                                                             
 52. Grant, supra note 19, at 64. 
 53. See id. (noting that states have integrated groundwater and surface water through the prior 

appropriation system); SAX ET AL., supra note 1, at 459 (surface water users are frequently senior to 
groundwater users in a number of states); Schlager, supra note 3, at 355 (noting that the typical approach of 
western states has been to extend prior appropriation to groundwater, often to the detriment of groundwater 
use); Blomquist et al., supra note 13, at 674. 

 54. Schlager, supra note 3, at 351, 354; Bredehoeft, supra note 22, at 1 (noting that many con-
flicts involve long-established groundwater and surface-water users). 

 55. Tellman, supra note 12, at 16; Fereday, supra note 45, at C2-22. 
 56. See, e.g., BRYNER & PURCELL, supra note 1, at 26, 29 (Colorado exemption of small domes-

tic wells; Idaho exemption of all domestic wells); Lochhead, supra note 45, at 7 (Colorado exemption); 
TROUT UNLIMITED, supra note 2, at 14 (general discussion of western exemptions). 

 57. BRYNER & PURCELL, supra note 1, at 47. 
 58. See, e.g., Barbara G. Stephenson & Albert Utton, The Challenge of Mine Dewatering to 

Western Water Law and the New Mexico Response, 15 LAND & WATER L. REV. 445 (1980) (discussing 
New Mexico’s treatment of groundwater used for mining). 
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cities (which often are the later groundwater pumpers),59 and between current and 
future generations where there is a significant time lag between groundwater use 
and surface-water impact.60 The choice also involves other policy tradeoffs. For 
example, inclusive rules reduce risk to surface water users from expanded ground-
water use, but can incur larger information and modeling costs.61 Exemptions for 
small wells can reduce administrative costs for both users and the government, but 
collectively they can have a large potential impact on surface water supplies.62 Un-
fortunately, states generally have adopted rules with little or no consideration of 
these policy issues and tradeoffs, nor have states subsequently studied the practical 
consequences of their choices. As experience with existing rules accumulates, em-
pirical studies of the benefits and costs of comparative approaches are needed. 

B. Groundwater-Dependent Ecosystems 

While most western states now integrate groundwater and surface-water 
rights, only a few have made an independent effort to protect groundwater-
dependent ecosystems (GDEs) from excessive groundwater withdrawals.63 Western 
states have been slow to integrate environmental considerations of any stripe into 
overall water management. Yet most states have taken steps to protect freshwater 
ecosystems from the adverse effects of surface diversions and other hydrologic 
modifications.64 The linkages between surface diversions and ecological harm are 
often both visible and scientifically certain, driving and supporting regulation. By 
contrast, much as the “mysteries” of groundwater once deterred states from inte-
grating groundwater and surface-water rights, the “invisibility” of groundwater 
along with scientific uncertainty about the ecological effects of groundwater with-
drawals have clouded the need to protect freshwater ecosystems from groundwater 
pumping. 

                                                             
 59. See SAX ET AL., supra note 1, at 459 (noting that senior surface water users tend to be agri-

cultural in many parts of the country, while more recent groundwater users tend to be urban). 
 60. AUSTL. GOV’T NAT’L GROUNDWATER COMM., ISSUE PAPER 1, INTEGRATED 

GROUNDWATER – SURFACE WATER MANAGEMENT 3 (2004), available at 
http://www.environment.gov.au/water/publications/environmental/groundwater/pubs/issue-1.pdf. 

 61. Colorado’s highly inclusive but technical test for integrated groundwater has sometimes led 
to sizable trial costs.  See, e.g., Am. Water Dev. Inc. v. City of Alamosa, 874 P.2d 352, 366–70 (Colo. 
1994). 

 62. See, e.g., Lochhead, supra note 45, at 7 (noting that Colorado has exempted over 200,000 
domestic wells, causing “cumulative impacts”); Jenny Brown et al., Groundwater-Dependent Ecosystems in 
Oregon: An Assessment of Their Distribution and Associated Threats, 9 FRONTIERS ECOLOGY & ENV’T 97, 
99 (2011), available at http://www.esajournals.org/doi/pdf/10.1890/090108 (noting that over 200,000 ex-
empt wells are recorded in Oregon well logs); Valdes & Maddock, supra note 37, at 237 (noting that do-
mestic wells “are hardly de minimis” and in certain areas “will have a dramatic impact on streams and 
rivers”); TROUT UNLIMITED, supra note 2, at 14–15 (discussing the impact of exempt wells in various 
western states). 

 63. See Marios Sophocleous, Ecological Impacts of Conjunctive Use: The Role of Environ-
mental Flows, in GROUND WATER NEWS & VIEWS, Nov. 2007, at 6 (noting that ecological impacts of 
groundwater use are normally ignored). 

 64. SAX ET AL., supra note 1, at 141–48; Tellman, supra note 12, at 14–15. 
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1. The Importance of Groundwater-Dependent Ecosystems 

Groundwater is critical to the healthy functioning of a variety of aquatic, 
coastal, and terrestrial ecosystems, and to the fish, fauna, birdlife, and vegetation 
reliant on them.65 GDEs include such diverse freshwater ecosystems as rivers, wet-
lands, springs, seeps, and fens.66 For example, groundwater provides needed “base” 
flows to rivers, supplies significant water to wetlands, and is the sole source of wa-
ter for springs and seeps.67 Groundwater also helps to maintain the water tempera-
tures and chemistry on which the health of these ecosystems and their species 
rely.68 These unique characteristics can support specialized fauna and flora found 
nowhere else.69 Groundwater, moreover, contributes to a variety of important envi-
ronmental services such as nutrient cycling and the decomposition of organic mat-
ter.70 

GDEs are broadly distributed throughout the western United States.71 Eighty-
nine percent of the watersheds in California, for example, contain some form of 
GDE.72 Three-quarters of the watersheds in the state contain groundwater-
dependent wetlands; over half contain rivers that depend on groundwater flows 
(with groundwater contributing between 27% and 60% of the total annual stream 
flow).73 Moreover, a study of California GDEs found a high correlation between 
areas with high concentrations of GDEs and areas with high water demand, making 
it likely that groundwater withdrawals will negatively impact GDEs.74 Groundwater 
supports not only freshwater ecosystems but also estuarine and near-shore marine 
ecosystems.75 Where groundwater tables are high enough, groundwater even sup-
ports vegetation in terrestrial ecosystems not linked to surface waters.76 

Rivers provide a valuable example of the ecological importance of groundwa-
ter.77 In the western U.S. where summers are often dry, groundwater historically 
has provided rivers with late-summer flows and lowered water temperatures 

                                                             
 65. Howard & Merrifield, supra note 5, at 2; Heather MacKay, Protection and Management of 

Groundwater-Dependent Ecosystems: Emerging Challenges and Potential Approaches for Policy and 
Management, 54 AUSTL. J. BOTANY 231, 232 (2006); TROUT UNLIMITED, supra note 2, at 6. 

 66. Howard & Merrifield, supra note 5, at 2; MacKay, supra note 65, at 232; Bergkamp & 
Cross, supra note 2, at 179; Sophocleous, supra note 63, at 6.   

 67. Boulton & Hancock, supra note 11, at 133. 
 68. Howard & Merrifield, supra note 5, at 2. 
 69. Boulton & Hancock, supra note 11, at 133. 
 70. Id. at 135. 
 71. See, e.g., Howard & Merrifield, supra note 5, at 12 (noting that GDEs are “widely, although 

unevenly, distributed across California”). 
 72. Id. at 11. 
 73. Id. at 9–10. 
 74. Id. at 13. 
 75. Dan L. Danielopol et al., Incorporation of Groundwater Ecology in Environmental Policy, 

in GROUNDWATER SCIENCE AND POLICY 671, 683 (Phillipe Quevauviller ed., 2008), available at 
http://palstrat.uni-graz.at/mitarbeiter/danielopol/192.pdf. 

 76. MacKay, supra note 65, at 232. 
 77. See Sophocleous, supra note 63, at 6 (discussing the importance of groundwater to instream 

flows); HALL, supra note 31, at 3 (noting that groundwater provides a significant portion of the water of 
nearly all rivers and streams in California). 
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through cool upwellings.78 Groundwater also has provided important river flows in 
many colder areas during those times of the year when there is no melting snow or 
other sources of water.79 Because groundwater often takes years or even centuries 
to reach the surface, groundwater has provided critical stream flows during long-
term droughts.80 Groundwater also has provided significant base flow for rivers in 
wetter, more temperate areas.81 These groundwater flows provide critical thermal 
and hydrologic “refuges” for fish and other species during the dry season.82 

Several California case studies, conducted by The Nature Conservancy, help 
illustrate the importance of groundwater to river ecosystems.83 For example, 
groundwater springs are critical to the Shasta River and the salmon fisheries of the 
Klamath River that it feeds; the springs’ “unvarying flow, constant temperature, 
and unique nutrient content create nearly optimal conditions for salmonid produc-
tion year-round.”84 In the case of the Consumnes River, one of the last rivers in 
California with natural, unregulated flow and the habitat for salmon and other fish, 
groundwater historically was again a major source of flow, particularly during the 
dry seasons of the year.85 Heavy groundwater pumping has affected both. Ground-
water flows to the Shasta River are significantly smaller than they have been his-
torically.86 Rather than gaining water from the local aquifer much of the year, the 
Consumnes River has now become a “losing stream” that, in its lower stretches, is 
now losing water to the aquifer 365 days per year.87 So much surface flow is lost 
that miles of the river are now dry during major parts of the summer and fall.88 

GDEs also include groundwater aquifers themselves.89 As the scientific litera-
ture documents, aquifers are not “lifeless semi-deserts,” but complex ecosystems 
that can be rich in biodiversity, supporting “diverse metazoan faunal assemblages 
and associated consortia of active microbes.”90 Unfortunately, they are also the 
“final unexplored aquatic frontier on Earth.”91 Very little is known about the ecol-
ogy and societal benefits of aquifer ecosystems, but scientists believe the overall 
value (which includes water purification, recharge, and storage) is substantial and 

                                                             
 78. Howard & Merrifield, supra note 5, at 2; see also Boulton & Hancock, supra note 11, at 133 

(noting that most of the river flows in Australian rivers consist of groundwater base flow during much of 
the year).  Groundwater also helps support perennial lakes in areas with little precipitation.  Brown et al., 
supra note 62, at 98. 

 79. TROUT UNLIMITED, supra note 2, at 3. 
 80. See Bergkamp & Cross, supra note 2, at 179. 
 81. Boulton & Hancock, supra note 11, at 133. 
 82. Id. at 134. 
 83. For examples outside California, see TROUT UNLIMITED, supra note 2, at 6–7 (discussing 

ecological impacts of groundwater withdrawals in multiple western states). 
 84. HALL, supra note 31, at 9. 
 85. Id. at 13–14. 
 86. Id. at 11. 
 87. Id. at 15. 
 88. Id. at 15–16. 
 89. See generally Brown et al., supra note 62; Derek Eamus & Ray Froend, Groundwater-

Dependent Ecosystems: The Where, What, and Why of GDEs, 54 AUSTL. J. BOTANY 91, 94 (2006). 
 90. Andrew J. Boulton et al., Biodiversity, Functional Roles, and Ecosystem Services of 

Groundwater Invertebrates, 22 INVERTEBRATE SYSTEMATICS 103, 105 (2008); see Andrew J. Boulton, 
Recent Progress in the Conservation of Groundwaters and Their Dependent Ecosystems, 19 AQUATIC 
CONSERVATION: MARINE & FRESHWATER ECOSYSTEMS 731, 731 (2009) [hereinafter Boulton, Recent 
Progress]. 

 91. Boulton et al., supra note 90, at 113. 
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increasing.92 The ecological health of an aquifer can affect water supply. For exam-
ple, population levels of invertebrates may affect the level of groundwater recharge 
and thus groundwater availability.93 Subterranean biodiversity also influences water 
quality (largely by supporting microbial degradation of organic compounds and 
potential human pathogens) and transport.94 Even small changes in a groundwater 
system can disturb the system’s functioning—and the time that it takes for a 
groundwater system to recover is slower than for surface water systems.95 

Unfortunately, groundwater overdrafting can seriously affect GDEs and the 
services they provide.96 Groundwater overdrafting, as well as land uses and hydro-
logic modifications that reduce aquifer recharge, can decrease base flows in rivers 
or streams, expand the period each year when the waterways are dry, and change 
the start or finish of the dry period.97 Reductions in base flows, in turn, can harm 
local biodiversity that have adapted over time to historic stream conditions.98 
Groundwater outwellings are often hypoxic and rich in nutrients, enhancing pri-
mary productivity.99 Reduced stream flows can strand fish, reduce spawning habi-
tat, and increase the vulnerability of fish to predators.100 They also can harm fish by 
reducing oxygen levels and concentrating pollution.101 Unfortunately, in part be-
cause of groundwater pumping, perennial streamflow in the West has dropped 
more than 50% over the last century.102 

The potential harm from groundwater overdrafting goes beyond reductions in 
the base flows of rivers and streams. Groundwater alterations also can reduce 
spring flows, the extent of wetlands, and the environmental services that GDEs 
provide.103 In California, scientists predict that overdrafting will significantly re-
duce desert spring discharge and associated wetland vegetation, harm phreatophytic 
vegetation that depends on high water tables, and reduce percolation of salts 
                                                             

 92. Id. at 105, 112; Dan Luca Danielopol & Christian Griebler, Changing Paradigms in 
Groundwater Ecology – From the ‘Living Fossils’ Tradition to the ‘New Groundwater Ecology’, 93 INT’L 
REV. HYDROBIOLOGY 565, 570 (2008). 

 93. See Boulton et al., supra note 90, at 108. 
 94. See id. at 112; MacKay, supra note 65, at 233; Janet S. Herman, David C. Culver & James 

Salzman, Groundwater Ecosystems and the Service of Water Purification, 20 STAN. ENVTL. L.J. 479, 483 
(2001); Bergkamp & Cross, supra note 2, at 180; Danielopol et al., supra note 75, at 675 (emphasizing that 
the “biological role of subsurface organisms is of paramount importance [to water purification], especially 
that of microbial communities”); David C. Culver, Groundwater Ecosystem Services and Healthy Ground-
water Ecosystems, available at http://www.icef.eawag.ch/abstracts/culver.pdf (last visited Mar. 30, 2011). 

 95. Danielopol et al., supra note 75, at 676-677. 
 96. Boulton, Recent Progress, supra note 90, at 733; MacKay, supra note 65, at 231-232. 

Groundwater withdrawals and agricultural drainage activities have “moderately to strongly affected” 50% 
of GDEs in the Netherlands. Id. The problem is global. See id. 

 97. Boulton & Hancock, supra note 11, at 139 (noting that groundwater-based flows have 
dropped in North America as well as Australia, North Africa, the Middle East, South and Central Asia, and 
Europe); Boulton, Recent Progress, supra note 90, at 733; HALL, supra note 31, at 15 (explaining how the 
Cosumnes River in California has been affected by groundwater depletion). 

 98. See Boulton & Hancock, supra note 11, at 134. 
 99. Boulton et al., supra note 90, at 107–08; see also TROUT UNLIMITED, supra note 2, at 3. 
 100. WASH. STATE DEPT. OF ECOLOGY & WASH. DEPT. OF FISH & GAME, A GUIDE TO 

INSTREAM FLOW SETTING IN WASHINGTON STATE 4 (Lynne D. Geller ed., 2003). 
 101. Id. 
 102. Valdes & Maddock, supra note 37, at 223 (noting that perennial streamflow has dropped by 

more than 50% in the West and 85% in Arizona).  
 103. See Boulton & Hancock, supra note 11, at 139; MacKay, supra note 65, at 232. 
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through soil.104 In extreme cases, scientists believe that reduced groundwater flow 
can even disrupt the entire water cycle of an ecosystem, affecting both precipitation 
and soil moisture.105 Evidence is already accumulating of groundwater extraction 
injuring GDEs in some portions of the world.106 Because of time lags and other 
dynamics, moreover, impacts on GDEs can prove difficult to reverse.107 

Groundwater overdrafting and other actions that reduce groundwater flows 
are not the only concern. Excessive recharge of groundwater also can be a serious 
problem. Where overlying irrigation or intentional recharge causes groundwater 
levels to rise, the rising water table can increase surface salinity and waterlog-
ging—negatively affecting related aquatic and terrestrial ecosystems.108 The most 
common problems, however, stem from overdrafting, not excessive recharge. 

Given these potential problems, the European Union, South Africa, and Aus-
tralia, have all recently recognized the ecological importance of groundwater and 
called for protective measures.109 In 2000, the European Union issued a water di-
rective explicitly acknowledging that the “status of a body of groundwater may 
have an impact on the ecological quality of surface waters and terrestrial ecosys-
tems associated with that groundwater body.”110 A subsequent 2006 directive pro-
vides for research into needed “groundwater ecosystem quality and protection” and 
consideration of that research in implementing and revising the other water direc-
tives of the European Union.111 To varying degrees, all the jurisdictions explicitly 
require consideration of GDEs in policy decisions regarding groundwater use.112 

2. Connecting GDEs 

a. State Water Laws and Policies 

The United States, by contrast, has done little to address threats to GDEs. Few 
state legislatures have taken specific steps to protect GDEs from groundwater de-
pletion.113 Not surprisingly, states that do not provide for statewide regulation of 

                                                             
 104. Howard & Merrifield, supra note 5, at 3–4. 
 105. Bergkamp & Cross, supra note 2, at 181. 
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 108. Id. at 232. 
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Groundwater Dependent Ecosystems in Law: Troubled Waters?, 10 ASIA P. J. OF ENVTL. L. 99 (2007) 
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tion must be managed to some degree in order to prevent irreversible degradation or loss of water supplies, 
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groundwater or do not integrate surface water and groundwater rights also fail to 
protect GDEs from excessive groundwater extraction. Even states that allow sur-
face water users to complain of groundwater pumping, however, generally do not 
call for explicit consideration of GDEs in regulating groundwater use. For example, 
state determinations of the safe yield from an aquifer generally do not consider 
ecological demands.114 

A few states do require consideration of GDEs in permitting or managing 
groundwater withdrawals. For example, Washington State provides that watershed 
assessments should include an “estimate of the surface and ground water available 
for appropriation, taking into account the minimum instream flows adopted by rule 
or to be adopted by rule . . .  for streams in the management area.”115 New ground-
water withdrawals, moreover, cannot undermine minimum environmental flows in 
surface streams.116 In Kansas, permitting of new groundwater withdrawals is simi-
larly subject to minimum surface flow requirements in some groundwater districts 
and control areas.117 

At least in theory, integration of groundwater and surface-water rights should 
provide indirect protection of many GDEs. Where surface water users are depend-
ent on flows from GDEs such as springs or rivers, for example, assertion of rights 
by surface users should also in many cases protect the GDEs themselves. Similarly, 
if a state requires minimum environmental flows in a river, it generally should not 
matter whether the state enforces those flows against groundwater users or surface 
water users. If surface water users are senior, any environmental “call” against sur-
face users is likely to lead to a “call” by the surface users against groundwater us-
ers. Finally, where groundwater basins are closed because a state determines that 
the basin is over-appropriated, the closure should protect both surface water users 
and existing instream flows. For example, Montana legislation “closing” basins 
from new groundwater withdrawals where the basins are over-appropriated has 
protected important instream flows in the Upper Missouri River basin.118 Unfortu-
nately, groundwater areas of importance to human use of surface rights do not al-

                                                                                                                                             
the need to ensure the protection of ecosystems associated with the groundwater has only recently been 
recognized as a key aspect of water management.” Id. 

 114. MacKay, supra note 65, at 232. 
 115. WASH. REV. CODE § 90.82.070(g) (2011) (emphasis added).  Additionally, Washington law 

authorizes the State Department of Ecology to establish instream flows “whenever it appears to be in the 
public interest to establish the same” and requires their establishment as “required to protect the resource or 
preserve the water quality.” WASH. REV. CODE § 90.22.010 (2011).  See generally WASH. STATE DEPT. OF 
ECOLOGY & WASH. DEPT. OF FISH & WILDLIFE, supra note 100, at 7–8 (describing the relevant state provi-
sions). 

 116. TROUT UNLIMITED, supra note 2, at 10.  For judicial decisions dealing with hydrologic con-
nections and instream flows under Washington law, see Postema v. Pollution Control Hearings Bd., 11 P.3d 
726, 732 (Wash. 2000); Hubbard v. State, 936 P.2d 27 (Wash. Ct. App. 1997). 

 117. Tellman, supra note 12, at 15–16; Sophocleous, supra note 35, at 567-569.  For example, 
two groundwater management districts in Kansas treat the baseflow of groundwater to connected streams as 
groundwater that is withdrawn from the aquifer and thus not available for appropriation.  Id. at 568.  The 
state engineer has also used his power to establish “Intensive Groundwater Use Control Areas” (IGUCAs) 
to protect some GDEs.  See id. at 567 (discussing the creation of the Walnut Creek IGUCA). 

 118. See Mont. Trout Unlimited v. Mont. Dep’t of Nat’l. Res. & Conservation, 133 P.3d 224 
(Mont. 2006) (applying the legislation to prevent new groundwater withdrawals in a lawsuit brought by 
Trout Unlimited); TROUT UNLIMITED, supra note 2, at 11 (describing the holding). 
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ways overlap groundwater areas of ecological importance, in which case laws 
meant to protect surface users will not protect GDEs.119 

Idaho’s Snake River and Eastern Snake Plain Aquifer (ESPA) provides an il-
lustration of how state integration of surface and groundwater rights can provide 
indirect protection of GDEs. Under “Conjunctive Management Rules” adopted by 
the Idaho Department of Water Resources in 1994, the ESPA and Snake River are 
an area of “common ground water supply” and subject to integrated manage-
ment.120 At the western edge of the ESPA, groundwater emerges in springs of cold, 
pure water ideal for fish farming, and major fish farms hold surface rights in the 
spring water.121 When groundwater withdrawals threatened the springs, holders of 
water rights in the springs brought a successful call against junior groundwater us-
ers.122 Although the dispute technically involved two sets of private water right 
holders, the calls by the spring users secondarily protected the springs themselves, 
which are a prime example of a societally valuable GDE. 

Local jurisdictions sometimes explicitly recognize the importance of GDEs 
but, like states, seldom actively manage groundwater pumping to provide necessary 
protection. Even where local jurisdictions act, damage to GDEs can often be sig-
nificant before protective measures are adopted and implemented.123 A recent study 
by Rebecca Nelson of local groundwater management plans in California found 
that a handful of the plans either list the protection of GDEs as a goal or recognize 
the ecological importance of groundwater.124 Only one plan, however, actually lim-
its groundwater pumping to protect GDEs.125 A second provides for the “pre-
wetting” of a river during the local dry season, designed to reduce the loss of sur-
face water to the underlying aquifer during the late summer and fall.126 

b. The Public Trust Doctrine 

The public trust doctrine may mandate at least some degree of GDE protec-
tion where states apply the public trust doctrine to water resources themselves.127 
To the degree that state courts apply the public trust doctrine to protect water-
dependent ecosystems such as rivers, streams, and lakes, there is little justification 

                                                             
 119. See Brown et al., supra note 62, at 100 (noting that the two types of areas do not always 

overlap in Oregon, so that “policies that protect groundwater for human uses may not necessarily protect 
GDEs”); Howard & Merrifield, supra note 5, at 13 (same conclusion based on study of California GDEs). 

 120. Fereday, supra note 45, at C2-1 to C2-2. 
 121. Id. at C2-3. 
 122. See id.    
 123. HALL, supra note 31, at 4. 
 124. Nelson, supra note 32, at 30-31.  For example, the goals of the Squaw Valley Public Service 

District’s groundwater management plan include promoting “viable and healthy riparian and aquatic habi-
tats by avoiding or minimizing future impacts from pumping on stream flows” and minimizing “future 
impacts from pumping on stream flows.”  Id. at 33.  The Alpine County plan recognizes environmental 
water demands in its characterization of the local aquifer, but allocates no water to those demands.  Id. 

 125. The Soquel-Aptos groundwater management plan seeks to “avoid alteration of stream flows 
that would adversely impact the survival of populations of aquatic and riparian organisms” by maintaining 
baseflow depletion levels below current detection levels.  Id. at 30. 

 126. See id. (describing the groundwater management plan of the Central Sacramento County 
Water Authority). 

 127. See Sophocleous, supra note 63, at 7 (noting the potential importance of the public trust doc-
trine in encouraging protection of GDEs).    
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for distinguishing between threats from surface-water and groundwater withdraw-
als.128 The public trust doctrine focuses on the object of protection and historically 
has not differentiated its protections based on the nature of the threat. Moreover, as 
a creature of state common law (or, in some cases, of a state’s constitution), the 
public trust doctrine exists separate from a state’s water code and neither must nor 
should reflect statutory distinctions between surface water and groundwater. In 
short, because it is separate from and not part of a state’s traditional water law, the 
public trust doctrine is free to recognize and incorporate the scientific reality that 
groundwater and surface water are part of the same water system. In determining 
whether and how the public trust doctrine protects GDEs in any state, the only rele-
vant questions should concern the character of the doctrine itself (e.g., does it im-
pose affirmative obligations on the state) and not on the character of any challenged 
water rights. Unfortunately, only a few states currently extend the public trust doc-
trine to any water withdrawals, let alone groundwater.129 

The Hawaii Supreme Court has explicitly recognized that its public trust doc-
trine, as embodied in its state constitution, applies to groundwater.130 Recognizing 
that groundwater and surface water “represent no more than a single integrated 
source of water with each element dependent upon the other for its existence,”131 
the court has held that the “public trust doctrine applies to all water resources, un-
limited by any surface-ground distinction.”132 The court accordingly upheld admin-
istrative restrictions on groundwater capture that threatened instream surface-flow 
standards and, more importantly, suggested that water users, including groundwater 
users, have the burden of justifying any withdrawals that threaten trust resources.133 

At least one lawsuit is currently testing the applicability of California’s public 
trust doctrine to GDEs.134 Two questions will determine the relevance of the doc-
trine to California’s protection of GDEs. First, does the doctrine extend to ground-
                                                             

 128. See Allan Kanner, The Public Trust Doctrine, Parens Patriae, and the Attorney General as 
the Guardian of the State’s Natural Resources, 16 DUKE ENVTL. L. & POL’Y F. 58, 83–86 (2005), for arti-
cles suggesting that the public trust doctrine applies to groundwater. See generally Erik Swenson, Public 
Trust Doctrine and Groundwater Rights, 53 U. MIAMI L. REV. 363 (1999). 

 129. The public trust doctrine currently plays a meaningful role in water management in only two 
states – California and Hawaii.  SAX ET AL., supra note 1, at 608–39.  Although the Idaho Supreme Court 
announced in the mid-1990s that the public trust doctrine applies to water resources, the state legislature 
subsequently passed a state statute attempting to nullify that decision. See Michael Blumm et al., Renounc-
ing the Public Trust Doctrine: An Assessment of the Validity of Idaho House Bill 794, 24 ECOLOGY L.Q. 
461 (1997) (discussing the judicial decisions and legislative response and analyzing the constitutionality of 
the legislation).  Although other state courts have recognized the public trust doctrine’s relevance, they have 
not used it to mandate particular state regulation of existing water rights.  See, e.g., Dep’t. of State Lands v. 
Pettibone, 702 P.2d 948 (Mont. 1985); United Plainsmen Ass’n v. N.D. State Water Conservation Comm’n, 
247 N.W.2d 457 (N.D. 1976). 

 130. In Re Water Use Permit Applications for the Waiāhole Ditch, 9 P.3d 409, 445–47 (Haw. 
2000). 

 131. Id. at 447 (quoting Reppun v. Bd. of Water Supply, 656 P.2d 57, 73 (Haw. 1982)). 
 132. Id.  
 133. Id. at 454. 
 134. See David Smith, Water Board, ELF Reject Siskiyou County Arguments in Scott River Suit, 

SISKIYOU DAILY NEWS (Yreka, Cal.), Dec. 27, 2010, 
http://www.siskiyoudaily.com/news/x1808784298/Water-board-ELF-reject-Siskiyou-County-arguments-
in-Scott-River-suit (describing lawsuit by Environmental Law Foundation seeking judicial declaration that 
the California State Water Resources Control Board has the authority to regulate groundwater under the 
public trust doctrine in order to protect GDEs). 
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water withdrawals? The California Supreme Court has held that the public trust 
doctrine extends to withdrawals of water from non-navigable rivers, even though 
the trust historically extended only to navigable waterways, if the withdrawals im-
pact downstream navigable waters135—implying that the doctrine also should ex-
tend to groundwater withdrawals that impact navigable GDEs. Second, if the doc-
trine protects a GDE, what is required of the state? Although the public trust doc-
trine arguably gives the legislature the authority to regulate groundwater, it is less 
clear under California law whether the public trust doctrine mandates statutory pro-
tection or gives state regulatory agencies new authority to protect GDEs.136 

c. Protection of GDEs under Federal Laws 

Absent state groundwater rules that protect GDEs, federal agencies and envi-
ronmental groups also have turned to a variety of federal statutes and water doc-
trines to protect GDEs, including the Endangered Species Act and federal reserved 
water rights. Like the public trust doctrine, these laws have developed separately 
from state water law and therefore are not influenced by the traditional state separa-
tion of groundwater and surface water. Freed of state water law’s historical error, 
both the Endangered Species Act and federal reserved rights have been able to in-
corporate scientific reality. These laws apply only in limited settings and therefore 
are not substitutes for broad state protections. However, such laws help fill the vac-
uum most state law currently creates. 

d. Endangered Species Act 

The Endangered Species Act (ESA) provides strong protection where 
groundwater withdrawals threaten not only GDEs, but also endangered or threat-
ened species that rely on GDEs. To date, the Edwards Aquifer provides the best 
illustration of the potential role of the ESA in protecting GDEs from groundwater 
withdrawals.137 The City of San Antonio, as well as thousands of farmers, pump 
groundwater from the Edwards Aquifer. Overdrafting of the aquifer in the 20th 
century reduced both internal water levels and spring flows, jeopardizing species 
listed under the ESA as endangered or threatened.138 Absent state efforts to restrict 
                                                             

 135. Nat’l Audubon Soc’y. v. Superior Court, 658 P.2d 709, 721 (Cal. 1983). 
 136. Cf. Roderick E. Walston, Best Best & Krieger, The Public Trust Doctrine in the Water 

Rights Context: A Retrospective View of the California Supreme Court’s Decision in National Audubon 
Society v. Superior Court C3-1 to C3-5 (Sept. 23-24, 2010) (arguing that the public trust doctrine does not 
give courts the authority to override legislative decisions). 

 137. For articles and papers describing the ESA cases involving the Edwards Aquifer, as well as 
the litigation’s aftermath, see Fred O. Boadu et al., An Empirical Investigation of Institutional Change in 
Groundwater Management in Texas: The Edwards Aquifer Case, 47 NAT.  RESOURCES J. 117 (2007); Todd 
H. Votteler, Raiders of the Lost Aquifer? Or, the Beginning of the End to Fifty Years of Conflict over the 
Texas Edwards Aquifer, 17 TUL. ENVTL. L.J. 257 (2002); Todd H. Votteler, The Little Fish that Roared: 
The Endangered Species Act, State Groundwater Law, and Private Property Rights Collide Over the Texas 
Edwards Aquifer, 28 ENVTL. L. 845 (1998); Matthew Carson Cottingham Miles, Water Wars: A Discussion 
of the Edwards Aquifer Water Crisis, 6 S.C. ENVTL. L. J. 213 (1997); Charles R. Shockey, The Enigma of 
the Blind Salamander and Groundwater Pumping: Lessons from the Edwards Aquifer, Texas, NATURAL 
RES. LAW CTR., UNIV. OF COLO. SCHOOL OF LAW (1996), available at 
http://www.rlch.org/WWPP/archives/publications/1996/96_CFD_Shockey.PDF.  

 138. Shockey, supra note 137, at 2–3. The listed species include the fountain darter (found in the 
Comal and San Marcos rivers), San Marcos gambusia (found in the quiet backwaters of the San Marcos 
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groundwater pumping from the aquifer, the Sierra Club sued in the 1990s to (1) 
force the U.S. Fish & Wildlife Service to determine appropriate protections, (2) 
require Texas to adopt regulations to guarantee necessary flows, and (3) limit water 
withdrawals.139 After the Sierra Club won several court victories, the Texas legisla-
ture created the Edwards Aquifer Authority to manage groundwater pumping and 
thus help protect the listed species.140 

The Edwards Aquifer is not an isolated instance of the relevance of the ESA 
to GDEs. Throughout the West, groundwater flows support streams and water sys-
tems of importance to species listed as either endangered or threatened under the 
ESA.141 A recent Oregon study by scientists at The Nature Conservancy found that 
almost 150 “species of conservation concern” were dependent on GDEs in the 
state.142 Where groundwater withdrawals pose risks to listed species, the ESA may 
(1) directly proscribe groundwater withdrawals under section 9, (2) prevent federal 
governmental support or permitting of groundwater withdrawals under section 7, or 
(3) provide for the development and implementation of recovery plans that call for 
more sustainable groundwater withdrawals.143 

e. Federal Reserved Water Rights 

The federal government also has used the doctrine of reserved water rights, 
under which the federal government holds federal rights to water needed to meet 
the primary needs of federal reservations such as national parks, to protect GDEs 
found on such reservations.144 In the 1970s, for example, the federal government 
sued to restrict groundwater pumping in Nevada that was lowering water in Devil’s 
Hole, a deep limestone cavern that is home to the Devil’s Hole pup fish as well as a 

                                                                                                                                             
river), San Marcos salamander (found in shallow springs), Texas blind salamander (found in the under-
ground water system itself), and Texas wild rice (found in the San Marcos river).  Valdes & Maddock, 
supra note 37, at 229; Gregg Eckhardt, Endangered Species of the Edwards Aquifer, THE EDWARDS 
AQUIFER WEBSITE, http://www.edwardsaquifer.net/species.html (last visited Mar. 30, 2011); Shockey, 
supra note 137, at 2–3. 

 139. E.g., Sierra Club v. Glickman, 156 F.3d 606 (5th Cir. 1998); Sierra Club v. Babbitt, 995 F.2d 
571 (5th Cir. 1993). The litigation produced multiple opinions at both the district-court level and the federal 
court of appeals. 

 140. S. 1477, 73d Leg., Reg. Sess. (Tex. 1993). 
 141. See Lochhead, supra note 45, at 3 (noting that groundwater development has “exacerbated 

surface flow issues that affected ESA listed fish and birds” on the Platte River); Blomquist et al., supra note 
13, at 679–80 (discussing instream flows in the Platte River); Lower Bonaparte Springs, USGS WASH. 
WATER SCI. CTR., http://wa.water.usgs.gov/projects/bonapartesprings/ (last visited Mar. 30, 2011) (dis-
charge from groundwater-fed springs support endangered summer steelhead); Dungeness, USGS WASH. 
WATER SCI. CTR., http://wa.water.usgs.gov/projects/dungeness/ (last visited Mar. 30, 2011) (shallow aqui-
fer linked to river flows that support endangered salmon); Methow River, USGS WASH. WATER SCI. CTR., 
http://wa.water.usgs.gov/projects/methow/ (last visited Mar. 30, 2011) (groundwater-surface water interac-
tions of importance to upper Columbia summer steelhead and spring Chinook salmon); Nathan Eidem, 
Conjunctive Management in the South Platte River Basin, GROUND WATER NEWS & VIEWS, Nov. 2007, at 
11, 12 (discussing linkage between ground water irrigation in the South Platte River Basin and threatened 
or endangered species in the region). 

 142. Brown et al., supra note 62, at 99. 
 143. See SALZMAN & THOMPSON, supra note 14, at 287–99 (describing protections of the ESA). 
 144. E.g., Cappaert v. United States, 426 U.S. 128 (1976). 
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national monument.145 The United States Supreme Court ultimately ruled for the 
federal government, noting that President Harry Truman, in creating the national 
monument, specifically intended to protect the pool in Devil’s Hole, including the 
pup fish.146 

Although Nevada argued that the reserved-rights doctrine does not apply to 
groundwater, the Court held that the pool itself was surface water and that the doc-
trine extended to pumping of groundwater that was physically connected to the 
pool. 147 The Court explicitly recognized that reserved rights required protection of 
the pool, whether the threat was posed by surface water withdrawals or groundwa-
ter pumping.148 The federal right to protect the pool was threatened because, 

as the evidence showed, the “[g]roundwater and surface water are physi-
cally interrelated as integral parts of the hydrologic cycle.” Here the Cap-
paerts are causing the water level . . .to drop by their heavy pumping. . . .   
[S]ince the implied-reservation-of-water-rights doctrine is based on the 
necessity of water for the purpose of the federal reservation . . . the United 
States can protect its water from subsequent diversion, whether the diver-
sion is of surface or groundwater.149 

In several later legal settlements, the federal government has used Cappaert 
to insist on groundwater restrictions in order to protect important stream flows. For 
example, a 1996 resolution of federal-reserved rights for Zion National Park in 
southern Utah provides for a groundwater protection zone, which restricts ground-
water pumping along the Park’s boundaries, in order to help protect flows in the 
Virgin River.150 In the 1990s, negotiated settlements of federal reserved-right 
claims to waters for five units of the National Park Service, including Yellowstone 
and Glacier National Parks, similarly provided for groundwater management out-
side the unit boundaries in order to protect wetlands and other GDEs within the 
units.151 

3. The Need for Better Science 

While the lack of effective legal regimes is the major obstacle to protecting 
GDEs, scientific understanding of GDEs and their needed protections is also 
largely in its infancy.152 Absent strong scientific understanding of GDE’s societal 
benefits and the linkage between groundwater extraction and GDE health, manag-
ers inevitably will be tempted to side with arguments by water users seeking to 
                                                             

 145. Id. at 131.  For commentary on the Cappaert decision, see Charles J. Meyers, Federal 
Groundwater Rights: A Note on Cappaert v. United States, 13 LAND & WATER L. REV. 377 (1978); Robert 
Abrams, Implied Reservation of Water Rights in the Aftermath of Cappaert v. United States, 7 ENVTL. L. 
REP. 50043 (1977). 

 146. Cappaert, 426 U.S. at 139–42. 
 147. Id. at 140–41. 
 148. Id. at 143. 
 149. Id. at 142–43 (citation omitted) (quoting CHARLES CORKER, NAT’L WATER COMM’N LEGAL 

STUDY  6, GROUNDWATER LAW, MANAGEMENT AND ADMINISTRATION xxiv (1971). 
 150. SAX ET AL., supra note 1, at 939; see also W. WATER POLICY REVIEW ADVISORY COMM’N, 

WATER IN THE WEST: CHALLENGE FOR THE NEXT CENTURY 4–13 (1998) (describing the settlement).  
 151. SAX ET AL., supra note 1, at 939. 
 152. Danielopol et al., supra note 75, at 673 (observing that the “new groundwater ecology” is 

only about a quarter-century old). 
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maintain often long-standing levels of groundwater extraction and to permit valu-
able new uses of groundwater.153 Although scientific uncertainty has been a prob-
lem in balancing environmental and consumptive needs for surface waters (e.g., in 
California’s San Joaquin-Sacramento River Delta), uncertainties are more severe in 
the case of GDEs.154 While ecologists have made significant progress in recent 
years in identifying, specifying, and valuing the services provided by various ter-
restrial ecosystems, there has been far less research on the services provided by 
GDEs—particularly the ecosystems of the aquifers themselves.155 The processes by 
which GDEs produce particular services are also often poorly understood.156 

Little, moreover, is known about either the existence of or threats to GDEs in 
most states.157 The paucity of information is due in part to historic disinterest in 
GDEs and in part to the high cost of analyzing groundwater-related ecology.158 In 
order to better protect GDEs, the United States must determine where they exist, 
how groundwater flow and quality affect them, the major threats to key groundwa-
ter characteristics, and how best to monitor the health of combined groundwater-
GDE systems.159 Additional knowledge also is needed regarding the resilience of 
various types of GDEs to external threats.160 

Assessing and mapping GDEs are important first steps.161 Assessments can 
help demonstrate the importance of protecting GDEs and provide new insights into 
their functioning.162 Moreover, assessments can help to prioritize action by identi-
fying GDEs that are in the greatest need of protection or areas in which groundwa-
ter extraction is having broad cumulative impacts on multiple GDEs.163 Because of 
the importance of groundwater to consumptive water uses, it may not be possible to 
protect all GDEs, making it critical to identify and map the GDEs and related 
groundwater basins of greatest importance.164 More generally, assessments can 
provide a basis for policy development and management. For all of these reasons, 

                                                             
 153. Boulton & Hancock, supra note 11, at 141. 
 154. Id. at 141. 
 155. Boulton et al., supra note 90, at 103–04. 
 156. Boulton, Recent Progress, supra note 90, at 732. 
 157. See Brown et al., supra note 62 (noting that the threats to Oregon GDEs are far greater than 

currently documented); Howard & Merrifield, supra note 5, at 2 (noting that little relevant information 
about GDEs is available in most states in the U.S.). 

 158. See Boulton, Recent Progress, supra note 90, at 732 (noting obstacles to scientific studies of 
aquifer ecosystems). 

 159. Brown et al., supra note 62; Danielopol et al., supra note 75, at 683. 
 160. Danielopol & Griebler, supra note 92, at 571; Boulton, Recent Progress, supra note 90, at 

732. 
 161. MacKay, supra note 65, at 233-234.  States differ in their current understanding of ground-

water-surface water connections within their borders.  For example, many states, including Montana, Ore-
gon, and Washington, have data on groundwater-surface water interactions in at least some basins, while 
other states such as California have “virtually no data on surface and ground water interaction for much of 
the state.”  TROUT UNLIMITED, supra note 2, at 19. 

 162. Brown et al., supra note 62; see also Danielopol et al., supra note 75, at 685 (calling for in-
creased public awareness of the importance of subterranean waters). 

 163. Brown et al., supra note 62; see also Danielopol et al., supra note 75, at 685; Danielopol & 
Griebler, supra note 92, at 570 (noting efforts to identify “hot spots” in Europe and Australia); Boulton & 
Hancock, supra note 11, at 142 (discussing the importance of cumulative impacts). 

 164. Brad R. Murray et al., Valuation of Groundwater-Dependent Ecosystems: A Functional 
Methodology Incorporating Ecosystem Services, 54 AUSTRALIAN J. BOTANY 221, 222 (2006). 
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some foreign countries, including Australia, have already embarked on the process 
of assessing GDEs.165 Absent similar governmental efforts in the United States, 
The Nature Conservancy has embarked on a private effort to develop databases of 
GDEs in several western states, including California and Oregon.166 

In prioritizing efforts to protect GDEs, states will need to assess both the 
threats facing each GDE and the comparative value of each GDE to society. His-
torically, scientists have valued GDEs based on their perceived ecological unique-
ness, but the contribution of GDEs to societally-valuable ecosystem services would 
seem a more appropriate method for establishing governmental priorities.167 Better 
understanding the contribution of GDEs to economic well-being may be essential 
in justifying to policy makers why groundwater extractions must be limited.168 

Once the government decides to protect a particular GDE, groundwater man-
agers will typically need additional, more detailed information regarding how 
groundwater extraction is impacting the GDE. This in turn will require improved 
scientific models that can be used to better understand the impacts of pumping on 
the GDE and to analyze alternative groundwater scenarios.169 Scientists currently 
have little understanding of the groundwater requirements of many GDEs,170 in-
cluding wetlands and marshes.171 The relationships between groundwater with-
drawals and GDEs is often complex. For example, in the case of rivers, scientists 
must understand both how groundwater contributes to base flow and how base flow 
contributes to the health of the overall river system.172 Policy makers need to know 
whether there are any crucial threshold levels of groundwater contributions below 
which irreversible damage may occur and how groundwater flows and GDE health 
are related above such thresholds.173 A variety of other factors further complicate 
an understanding of the relationship between groundwater aquifers and related 
GDEs, including time lags between groundwater extraction and impacts on the 
GDEs, the three-dimensional nature of the relationship between GDEs and 
groundwater, and the dynamic nature of the relationship across time and space.174 

Effective protection of GDEs will also require the development of “indica-
tors” that can be used to estimate the health of GDEs and the ecosystem services 
they provide.175 Ideally, water managers can use the indicators as early warning 

                                                             
 165. See, e.g., Boulton, Recent Progress, supra note 90, at 733 (noting that Australia has an-

nounced the development of a “comprehensive ‘atlas’ of the continent’s GDEs”). 
 166. See Howard & Merrifield, supra note 5, at 2 (evaluating GDEs in California); Brown et al., 

supra note 62 (GDEs in Oregon).  In California, for example, The Nature Conservancy compiled geospatial 
data on three different types of GDEs: springs, groundwater-dependent wetlands, and groundwater-
dependent streams.  Howard & Merrifield, supra note 5, at 2. 

 167. Murray et al, supra note 164, at 222. For a potential list of ecosystem services provided by 
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signs of GDE stress.176 Different types of GDEs are likely to require different indi-
cators. For aquifer-based ecosystems, microorganisms and microbial communities 
may be useful as bioindicators of health.177 For groundwater-dependent rivers or 
streams, potential indicators include algae and aquatic macrophytes.178 For other 
GDEs, indicators might include plant stress or condition.179 In order to develop 
effective indicators, however, scientists first must develop a better understanding of 
the relationship between groundwater characteristics (e.g., quantity, quality, and 
flow timing), GDE health, and the flow of ecosystem services from the GDEs.180 In 
the meantime, managing groundwater to protect GDEs will remain “more of an art 
than a science.”181 

C. Land Use, Recharge, and Groundwater Quality 

States also historically ignored the important connection between land use 
and land cover, on the one hand, and groundwater recharge and quality, on the 
other. Scientists have long recognized that land use and land cover can affect both 
the amount of groundwater recharge and the quality of groundwater, although the 
exact relationship between land changes and groundwater quantity and quality is 
less well understood than the connection between land use and surface water.182 For 
example, transformation from grasslands and shrublands to irrigated agriculture can 
both benefit and harm local groundwater resources. Irrigation typically increases 
local groundwater recharge.183 At the same time, however, irrigated agriculture can 
degrade groundwater quality by mobilizing salts in local soils and introducing fer-
tilizers and pesticides.184 

Conversion of lands to urban and suburban development can also impact 
groundwater quality and recharge quantity. Many urban and suburban land uses, 
such as highways, gasoline stations, and commercial and industrial facilities, can 
introduce hazardous and other contaminants.185 Moreover, once in groundwater, 
such contaminants can prove difficult, if not impossible to remove.186 The spread of 
impervious surfaces can not only degrade groundwater quality but also reduce re-
charge into an aquifer by preventing surface water from percolating down into the 
aquifer. A study prepared in 2002 by American Rivers, the Natural Resources De-

                                                             
 176. Danielopol et al., supra note 75, at 685. 
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fense Council, and Smart Growth America suggests that the impact on recharge has 
already been substantial in many regions of the United States.187 For example, the 
study estimates the construction of impervious surfaces in the Seattle, Washington 
area from 1982 to 1997 may have led to groundwater infiltration losses as high as 
24.6 billion gallons per day (sufficient water to serve almost 650,000 residents).188 
Thankfully, the impact of impervious surfaces is likely to be low in many regions 
of the quickly growing Southwest, such as Arizona and southern California, be-
cause low rainfall and high levels of evaporation produce little recharge to start.189 
Urban development also can modify the infiltration of storm water, leading to in-
creases in subsurface water temperature and changes in chemical composition.190 

Other forms of land use change can also affect recharge, although both the 
size and the sign of the impact is sometimes uncertain. Deforestation and other 
losses in surface vegetation cover, for example, can increase run-off and thus de-
crease infiltration, but deforestation can also increase groundwater levels by reduc-
ing evapotranspiration of water.191 Some invasive vegetation can consume large 
amounts of groundwater through their root systems, contributing to overall 
groundwater loss and even leading to the drying up of shallow wells and springs.192 

Although states and local regions have begun to address the threats that land 
use poses to groundwater quality and quantity, actions to date have been far from 
comprehensive. More has been done to protect water quality than water quantity. 
All states have taken at least initial steps to address land-use threats to groundwater 
quality.193 An increasing number of states have mapped and classified at least some 
of their aquifers to provide basic information for quality protection.194 Many states, 
moreover, regulate specific land uses that threaten groundwater quality.195 Ap-
proximately a third of states have adopted comprehensive groundwater protection 
programs, often in conjunction with the federal Environmental Protection 
Agency.196 

At the federal level, Congress has created several programs to protect 
groundwater quality, although the programs are limited in scope. For example, 
1986 amendments to the Safe Drinking Water Act created a wellhead protection 
program designed to protect areas around drinking-water wells from contaminants 
that could be harmful to human health.197 Virtually all states have now developed 
and implemented wellhead protection programs under this provision.198 The pro-
grams, however, protect only the wellhead area, not the aquifer’s entire recharge 
zone. Of greater consequence is EPA’s Sole Source Aquifer Protection Program, 
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authorized by the same act.199 If EPA designates an aquifer to be the sole or princi-
pal source of at least half the drinking water in an overlying area, EPA must review 
and approve any and all projects that the federal government financially assists and 
that have the potential to contaminate the aquifer.200 Such projects can include road 
construction, construction projects involving stormwater management, and agricul-
tural projects involving animal waste.201 While the program plays a valuable role in 
protecting sole-source aquifers, it is limited both in the aquifers covered and in the 
types of land uses that EPA can review.202 

A growing number of local jurisdictions also are addressing the potential im-
pact of land use decisions on groundwater quality.203 For example, a number of 
local regions have created aquifer protection districts in which some high-risk land 
uses (e.g., gas stations and landfills) are flatly prohibited, other uses are permitted 
only by special permit, and fertilizer use is carefully managed.204 San Antonio, 
Texas, has created an Edwards Aquifer Recharge Zone in which land use decisions 
must consider the impact on the aquifer and land owners must follow best man-
agement practices designed to reduce groundwater-quality impacts.205 The San An-
tonio Water System also has created a Land Acquisition Program to protect lands 
of importance to groundwater quality.206 

Governments at all levels have done far less to address impacts of land use on 
the amount of groundwater recharge. In theory, land use planners should consider 
the potential effect of land uses on aquifer recharge (as well as on surface flows) in 
establishing zoning plans and approving proposed developments. Both the specific 
area in which development occurs and the characteristics of the development can 
be important determinants of recharge.207 Except where counterbalanced by other 
considerations, land use planners should try to minimize recharge impacts. 
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Only a handful of states, however, require planners to consider recharge ef-
fects in evaluating proposed land uses and development projects, and few require 
collaboration between planners and groundwater managers.208 Some local govern-
ments are voluntarily addressing the links between land use and groundwater re-
charge. A number of the local programs that address water quality concerns also 
help protect against recharge impacts. For example, San Antonio’s Recharge Zone 
restricts the construction of impervious cover in the recharge zone and limits all 
development in specific sensitive areas.209 Most zoning authorities, however, have 
yet to effectively address the problem. 

IV. TOWARD MULTIDIMENSIONAL CONJUNCTIVE MANAGEMENT 

A. The Need for Multidimensional Conjunctive Management 

Even when states make the connections discussed in Part III, the initial alloca-
tion of rights may not maximize societal wealth. As discussed earlier, for example, 
most states allocate consumptive rights between surface-water and groundwater 
users based on prior appropriation, which generally means that surface rights come 
out ahead of groundwater rights.210 Yet prior appropriators are not necessarily the 
users who attach the greatest value to their water, and appropriation is unlikely to 
award water rights to the most valuable users except by accident.211 Where prior 
appropriation does not lead initially to the most efficient allocation of rights be-
tween surface users and groundwater users, water management should provide a 
means for reallocating the rights in a way that increases efficiency and thus societal 
wealth.212 

Even when junior in time, groundwater uses often may be the most valuable 
water use.213 Many water users, including those who have exceptionally valuable 
uses for their water, may have access only to groundwater.214 Groundwater often 
can be more reliable than surface water; while surface water is subject to the vaga-
ries of seasons and weather, groundwater consists both of recharge (which is sub-
ject to similar uncertainties) and fossil water which has been stored up over time 
and can be used when recharge is low.215 For analogous reasons, groundwater may 
be available during times of the year when surface water is not, a critical advantage 
for farmers needing to irrigate or cities needing year-long supplies; groundwater 
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aquifers effectively serve as storage facilities, saving up water for those times of 
the year when recharge is inadequate to meet local demands.216 Groundwater, 
moreover, often can be more convenient, handy, and cost-effective than surface 
water for water users who are not immediately adjacent to a surface waterway or 
existing canal but overlie an aquifer; while use of surface water would require the 
costly and time-consuming construction of a conveyance facility, sinking a well 
provides immediate access to the groundwater.217 Finally, groundwater often is of 
higher quality, making it more attractive to cities and to independent domestic resi-
dences or subdivisions.218 

Even if a particular surface water use is more valuable overall than a compet-
ing groundwater use, the prior appropriation system is unlikely to resolve a conflict 
between the two uses in a manner that is economically efficient. Because of declin-
ing marginal returns, the first acre-feet of a water use are likely to be more valuable 
than the last acre-feet.219 In resolving a conflict between two water uses, the most 
efficient solution may be to allow some of each use to continue (with the more 
valuable overall use likely receiving the highest percentage of the water).220 Prior 
appropriation law, however, is a winner-take-all system, awarding all water to the 
senior users.221 Although this flaw in prior appropriation has received the greatest 
attention in the resolution of surface-water disputes, it is equally relevant in the 
merger of connected surface-water and groundwater systems.222 Providing a 
mechanism to correct this problem again can increase the efficiency of the com-
bined system. 

As noted in Part III, moreover, groundwater withdrawals from hydrologically 
connected aquifers may not impact surface water users for months or years.223 
Groundwater withdrawals also frequently do not lead to one-to-one reductions in 
surface flows; in many cases, pumping an acre-foot of groundwater leads to less 
than an acre-foot drop in surface flows.224 Under the prior appropriation doctrine, 
these asymmetries do not necessarily matter. So long as the impact is material and 
relatively near-term, senior surface-water users may be entitled to “call” junior 
groundwater users in those states that integrate hydrologically connected surface 
water and groundwater through prior appropriation, forcing the junior to stop 
pumping.225 The senior appropriation will generally lose only where the impact is 
so remote to be considered “futile.”226 While this approach protects senior water 
users and thus might be considered “equitable,” the approach will often not be eco-
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nomically efficient.227 Efficiency will often favor the more immediate use, due to 
the economic effect of discounting, and may not call for shutting down a well that 
has only a small effect on surface supplies. Rather than relying strictly on prior 
appropriation, water management thus again should provide a means for groundwa-
ter users in such situations to continue pumping rather than reducing their with-
drawals merely to increase surface water flows in the distant future or by a small 
percentage. 

In other cases, efficiency may call for shifting water users from groundwater 
to surface water. Overdrafting of aquifers can impose significant costs, including 
the lowering of water tables, salt-water intrusion, surface subsidence, and even the 
depletion of the aquifer.228 Where groundwater is being overdrafted but surface 
flows remain adequate, water systems should provide a means of moving ground-
water users to surface water, reducing or eliminating the overdrafting that occurs.229 

Under an ideal water system, water users also would be able to switch back 
and forth from groundwater to surface water over the course of a year or years, 
depending on which makes the most sense for overall yield and efficiency. Water 
users, for example, might draw on surface water during wet seasons, taking advan-
tage of flows that might not be needed for environmental protection and allowing 
groundwater aquifers to recharge and water tables to rise.230 The same water users, 
however, might switch to groundwater during times when surface water is scarce, 
relying on the groundwater that has been stored up in the aquifer and dedicating 
what surface flows exist to the protection of fish and riparian ecosystems.231 Such 
strategies take advantage of the differences between the two related water systems, 
including the storage capacity of groundwater aquifers, to maximize the yield of the 
combined system and buffer problems of supply variability.232 Such strategies are 
particularly important where a combined water system is approaching or has al-
ready surpassed full development, making optimization of yield critically impor-
tant.233 

Systems that provide such flexibility and allow surface-water and groundwa-
ter users to move back and forth in response to needs and conditions can often sig-
nificantly increase the overall yield of the connected system.234 Studies suggest that 
the greater flexibility can even double yield in some settings.235 Such increases, 
however, require tradeoffs between surface-water use and groundwater use and 
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between senior and junior users.236 According to one study, for example, an optimal 
system might, over the course of a decade, lead to adverse impacts on senior water 
users 10% to 15% of the time.237 

The use of aquifers to store surface water, where possible and efficient, for 
local or distant use—what is frequently referred to as “aquifer storage and recov-
ery” or ASR—also can provide valuable flexibility to water systems.238 All forms 
of storage help “stretch” available water supplies and smooth out variations in pre-
cipitation.  Groundwater aquifers, however, enjoy a variety of advantages over sur-
face storage facilities, such as dams and reservoirs, particularly today when dams 
and reservoirs have already been built on the best sites in the western United 
States.239 First, groundwater storage does not require costly construction (other than 
well fields for recharging and withdrawing the stored water).240 Second, aquifers do 
not suffer from many of the operational disadvantages of surface facilities, includ-
ing evaporation losses and the long-term accumulation of sediment that reduces 
surface facilities’ storage capacity.241 Third, aquifer storage generally does not pose 
environmental concerns, while surface storage inundates land, modifies stream 
flows, and often destroys valuable ecosystems.242 For this same reason, groundwa-
ter storage projects may be easier to move through environmental reviews than new 
surface reservoirs or other storage facilities.243 Fourth, aquifers may pose less of a 
safety risk than surface storage, particularly in areas of the country faced with 
earthquake risks. Fifth, because it recharges aquifers, groundwater storage can help 
mitigate the costs of overdrafting mentioned above—e.g., by raising water tables 
and reducing the risk of salt-water intrusion or surface subsidence.244 Finally, be-
cause aquifers provide a form of distribution system to often geographically dispa-
rate overlying owners,245 aquifer storage may reduce the need for new conveyance 
facilities where used to store water for use of overlying owners. 

Aquifer storage and recovery may be particularly important in the face of 
climate change. Many dams and reservoirs in the western United States serve mul-
tiple purposes: they store water for irrigation or other consumptive uses, provide 
flood protection for downstream communities, and even furnish recreational oppor-
tunities. The first two uses can conflict and require dam operators to project future 
weather. If more water is stored for offstream use, less capacity is available for 
flood control. Similarly, if capacity is kept available for flood control, less water 
can be stored for offstream use. The task of balancing and “optimizing” these uses 
is always fraught with uncertainty, but climate change is likely to worsen the di-
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lemma. Under climate-change scenarios for many regions of the West, extremes—
both floods and droughts—are likely to become larger and more common; predict-
ing weather, moreover, may become more difficult. Thus, dam operators will face 
both greater variability and greater uncertainty in managing their systems for the 
combined task of storage and flood control. One way of reducing this problem is to 
find other means of either storing water or reducing flood risks, thus relieving the 
need to operate the dam for one or the other of the two uses. ASR will often be an 
ideal means of off-loading the need to use a multi-purpose dam and reservoir for 
storage purposes, allowing water officials to operate the dam and reservoir more for 
flood control.246 

These varied approaches to jointly managing surface water and groundwater 
in a local region are often referred to collectively as “conjunctive use.” The scien-
tific and water literature differs in its exact definition of conjunctive use. But the 
most common definition is the joint and coordinated management of surface water 
and groundwater with the goal of maximizing the yield and efficiency of the com-
bined water system over time.247 If implemented effectively, conjunctive use should 
provide greater yield and efficiency than managing groundwater and surface water 
separately or statically.248 

The need for more flexible, adaptive, and dynamic management of groundwa-
ter connections does not stop with conjunctive use of groundwater and surface wa-
ter. The little protection of GDEs that currently exists, for example, is very much in 
its infancy and will need to evolve over time as scientists learn more. As described 
earlier, states generally begin by conditioning the issuance of new groundwater 
permits.249 The issuance of new permits provides an easy point of entry into evalu-
ating the needs of GDEs; reducing existing groundwater withdrawals, by contrast, 
threatens vested interests and is therefore politically more difficult.250 To ade-
quately protect GDEs, however, states will ultimately need to reconsider the exist-
ing allocation of groundwater between consumptive uses and the environment, 
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making flexibility critical. Protecting GDEs will require adjustments over time as 
scientific understanding of GDEs and their connections to groundwater im-
proves.251 

In fact, changes in conditions, demands, and information will affect the ap-
propriate management of all three of the connections discussed in Part III—
allocation of water between groundwater users and surface-water users, protection 
of GDEs, and regulation of overlying land uses. As already emphasized, local pre-
cipitation can affect the comparative value of surface water and groundwater, with 
the former often being more valuable during wet seasons, and groundwater more 
useful during droughts. But other changes can also affect the relative value of 
groundwater and surface water. For example, the growth of new subdivisions that 
are distant from a surface waterway but overlying an aquifer may increase the value 
of groundwater pumping. New scientific information may demonstrate the greater 
importance of a GDE and the need to reduce groundwater pumping. Contamination 
of a groundwater aquifer may force users to tap surface water. As discussed in Part 
II, flexibility is critical to effective water management, and water-law systems must 
allow for changes in the allocation and regulation of surface-water and groundwater 
rights over time. 

The major obstacles to providing greater flexibility and efficiency in multidi-
mensional conjunctive management are often institutional and not physical or tech-
nical.252 For example, scientific models, tools, and techniques are typically avail-
able for effective conjunctive use of groundwater and surface water.253 What is 
needed instead, and what is obviously of greatest relevance to water law, is the in-
stitutional means for modifying rights and regulation over time. As discussed in the 
next two sections, at least two institutional mechanisms are available to address the 
problems discussed above: “markets” through which entities can reorder rights in 
response to changing signals, and integrated governmental management systems. 
Each has its advantages and disadvantages, and the two approaches will generally 
work best in tandem. 

B. “Market” Approaches to Flexibility 

Markets can provide at least some of the needed flexibility. In non-water set-
tings, markets are frequently the means by which rights are reallocated either to 
correct initially inefficient allocations or to allow rights to move to more economi-
cally efficient uses as demands and conditions change over time. Water markets 
now are playing a role in introducing valuable flexibility to surface-water alloca-
tions in the West.254 Water markets can play a similar role in promoting efficient 
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conjunctive management, although legal limitations may restrict their applicability 
and water markets ultimately can provide only some of the needed flexibility and 
coordination.255  Where an available option, markets have the advantage of letting 
water users themselves make decisions regarding optimal management. 

Markets will work best in those settings where water-right holders have both 
the incentive and information needed to use markets to increase the value of water 
resources.  Imagine, for example, that potential groundwater users in a region have 
a higher-valued use for the water than local surface water users.  If the groundwater 
users are junior, they might not be able to pump under an integrated water-rights 
system.  Assuming that the state has well-defined water rights and permits trades, 
however, the higher-value groundwater users can pay the surface water users for 
the right to pump (or, if pumping is already taking place, to continue pumping). 

Many states permit such market transactions through “augmentation” or miti-
gation.256 In Colorado, for example, junior groundwater users can continue, or initi-
ate, pumping that would otherwise interfere with senior surface water users if they 
purchase or lease offsetting surface water rights and assign them to the state engi-
neer for release during periods of low surface flows, thereby “augmenting” surface 
supplies.257 Colorado’s system is now well established and the source of frequent 
surface-water acquisitions. In many cases, well associations or irrigation districts 
purchase or lease surface water for use by their members in augmentation plans, 
reducing transaction costs and further increasing flexibility.258 Other states, such as 
Idaho, have similar systems, in which junior groundwater users can meet delivery 
calls by senior surface-water users by acquiring and releasing other surface-water 
rights.259 

Although such augmentation or mitigation programs significantly increase ef-
ficiency,260 practical considerations limit their ultimate effectiveness. First, the 
amount of water available for augmentation is often limited, artificially restricting 
the amount of groundwater that can be pumped from a system and confronting 
groundwater uses with the pricing problems attendant to “shallow markets.”261 This 
can be a particular problem during prolonged droughts, when there may be signifi-
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sufficient water available, at a good price, for the ground water users to acquire a full offset for their pump-
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cant demand for groundwater use and simultaneously less surface water avail-
able.262 Second, augmentation and mitigation programs are generally designed to 
permit long-term groundwater pumping. Both transaction costs and administrative 
restrictions can preclude or complicate their use to provide shorter-term flexibil-
ity.263  Third, economically efficient trades of surface water rights for groundwater 
rights, or vice versa, require an understanding of the quantitative relationship be-
tween the two: how much surface water, for example, is needed to offset an acre-
foot pumped from a particular well?  Because that relationship is only roughly un-
derstood in most cases, water managers must choose between being conservative 
(viz., requiring more water to be purchased than necessary), which may deter effi-
cient water trades, or liberal, which may undermine senior right holders’ security.  
Differences in the timing of flows similarly complicate trades between groundwater 
and surface water.264  Finally, water users may not have the information needed to 
determine the benefits of switching from surface water to groundwater, or vice-
versa.  

In theory, markets also could help increase efficiency in a water system where 
surface water and groundwater rights are not integrated, so long as surface water 
and groundwater rights are both well defined, rights can be retired, and groundwa-
ter overdrafting is prohibited.  If groundwater withdrawals are interfering with 
more valuable surface water uses, or vice versa, the more valuable users could pur-
chase and retire some or all of the interfering rights. Formal integration of surface 
water and groundwater systems may be needed to promote equity (e.g., by protect-
ing senior uses), but it is neither necessary nor sufficient to maximize efficiency of 
use within the overall hydrologic system. Unfortunately, most states that have 
failed to integrate surface water and groundwater systems also do not protect 
against overdrafting, do not allow trading of groundwater rights, and/or do not al-
low water rights to be retired.  In practice, markets therefore are not an option for 
private integration of the two systems. 

Markets in aquifer storage can promote greater and more efficient use of 
ASR. As explained earlier, aquifers can serve as useful reservoirs to even out the 
maldistribution of precipitation, and available aquifer capacity is a valuable re-
source that can be used to store water for future use either locally or in more distant 
locales.265 To promote ASR, water law should both (1) reward groundwater users 
who reduce their withdrawals in a given year in order to recharge the aquifer (what 
is often called indirect or “in lieu recharge”), and (2) reward individuals or entities 
that import and store water in available aquifer space for future use.266 While the 
law should ensure that ASR does not result in any negative externalities such as 
groundwater contamination, legal rules rewarding ASR can encourage more active 
use of ASR and thus more efficient conjunctive use of groundwater. 
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A growing number of states have taken at least initial steps to encourage 
groundwater storage by water users or third parties. In Arizona, for example, both 
private individuals and public agencies can apply for permits to engage in both 
direct and in-lieu storage.267 A number of institutions have taken advantage of this 
opportunity to create groundwater storage facilities.268  Colorado, Kansas, Nevada, 
Oregon, Utah, Washington, and Wyoming also explicitly provide by law for under-
ground storage of water.269 

Many states, however, could do more to encourage the development of ASR 
projects by water users and entrepreneurs.270 Traditional groundwater systems gen-
erally do not credit groundwater users who reduce their water use in one year with 
greater rights in future years.271 While the groundwater user might still benefit (e.g., 
from raised water levels), the groundwater user has no direct incentive to increase 
the amount of stored groundwater through reduced pumping, absent special state 
legislation. Most states, moreover, have not created the legal infrastructure needed 
to promote private storage of surface water in groundwater aquifers.272 Indeed, 
even public storage proposals often confront significant obstacles. For example, 
most states do not have clearly defined property rights in aquifer storage capacity, 
nor do they have either the rules or the regulatory infrastructure needed to ensure 
water storage operators that they will be able to recover any water they have 
stored.273 

Markets will not effectively address all elements of multidimensional con-
junctive management, even assuming supporting legal institutions. As in other con-
texts, markets are likely to do much better promoting the effective co-management 
of private goods and services than that of public goods, which can suffer from col-
lective action problems. Markets, for example, are unlikely to fully protect GDEs 
because the value of GDEs is primarily public rather than private. Although citi-
zens as a whole might highly value a specific GDE, citizens individually will not 
typically contribute the full value that they ascribe to the GDE toward its protec-
tion; instead, each citizen will be tempted to free ride on the contributions of other 
citizens.274 Markets also will falter to the degree that the value of a GDE is “intrin-
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sic” and not simply reflective of the preferences of individual citizens.275 Collective 
action problems similarly undermine the ability of markets to promote land uses 
that maximize groundwater recharge and protect groundwater quality. Although the 
value groundwater users attach to the recharge or groundwater quality might justify 
the land use, individual users are unlikely to step forward and pay land owners to 
engage in the land use, preferring again to free ride on the hoped-for payments of 
others. 

Although markets cannot therefore be the sole approach to protecting GDEs 
and encouraging land uses beneficial to groundwater recharge and quality, markets 
can still help promote even such classic public goods.  Markets, for example, can 
provide one means of protecting GDEs, particularly when used in conjunction with 
direct regulation.276 Governments can use markets to acquire and retire groundwa-
ter rights that they do not have the political will to restrict.277 Private water trusts 
also can purchase and retire groundwater rights, using funds raised from philan-
thropists interested in increasing the protection of GDEs beyond that provided by 
the government.278 In fact, both governments and water trusts are increasingly us-
ing water markets today to help protect aquatic environments,279 but the focus to 
date has been on the acquisition and dedication of surface rights for instream flows 
rather than the purchase of groundwater to protect GDEs.280 

Markets also might help promote land uses that protect groundwater recharge 
or quality, at least where a single user or water supplier dominates use of the 
groundwater. In this setting, the dominant user or supplier may see no opportunity 
for freeriding and believe that it is in its best interest to protect the aquifer upon 
which it relies. There are multiple examples of water suppliers and users investing 
in the protection of their watershed.281 Most of the best-known examples deal with 
surface water. New York City and a number of major United States cities have paid 
to promote protective land uses in their surface watersheds,282 and a growing num-
ber of foreign cities are doing the same.283 Groundwater examples, however, do 
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exist. In France, for example, Perrier Vittel has paid farmers to engage in practices 
that protect the groundwater that is the source of its famous water supply.284 

C. Integrated Regional Water Management 

A second approach to providing for more flexible, dynamic, and adaptive 
management of groundwater connections is through integrated regional water man-
agement, generally of an entire watershed or groundwater basin. In an ideal world, 
a single governmental agency would manage, or coordinate other agencies’ man-
agement of, groundwater use, surface water use, groundwater-dependent ecosys-
tems, local land uses, and other elements of an overall hydrologic system.285 That 
agency, moreover, would continually seek out new relevant information and would 
have the authority and ability to adapt its management to that information.286 Gov-
ernmental management of groundwater connections, in short, would be both inte-
grated and adaptive. 

In most states and regions today, governmental management is neither.287 To 
start, governmental management is typically fractured both functionally and geo-
graphically.288 In all states, separate governmental agencies manage at least some 
of the elements of the connected hydrologic system.289 Even where groundwater 
rights and surface water rights have been technically merged, separate state agen-
cies sometimes oversee the groundwater and surface water rights. Even states that 
provide for unified management and oversight of groundwater and surface water 
typically manage land use separately from water. One groundwater basin, moreo-
ver, may be divided geographically into multiple districts, cities, and counties, each 
with its own management structure.290 These local entities, in turn, often share re-
sponsibilities with state and federal agencies.291 The mere multiplicity of agencies 
can make it difficult to engage in effective conjunctive management.292 Each gov-
ernmental agency, furthermore,  often operates under different directives,293 making 
it difficult for the agencies to cooperate on projects even where the agencies have 
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the ability and interest to do so. Not only is management fractured, but few gov-
ernmental agencies are truly adaptive. Ongoing monitoring and evaluation of man-
agement actions, needed for effective adaptation, are often marginal or lacking. 
And decisions tend to be sticky; once made, significant effort is needed to change 
them. 

In recent years, states and regions have sought to remedy the fragmentation 
half of the problem by creating governmental entities with unified responsibility 
over at least some of the key elements of the hydrologic cycle.294 For example, 
California, which, as explained earlier, has separate systems for groundwater and 
surface water rights, has created a number of regional agencies with broad authority 
to engage in conjunctive management of groundwater and surface water, including 
ASR.295 The Santa Clara Valley Water District, for example, imports water into the 
Santa Clara Valley south of San Francisco and also has management jurisdiction 
over local groundwater.296 For decades, the district has used this authority to oper-
ate a conjunctive system that, in the district’s words, “integrates surface water and 
groundwater to provide a flexible and reliable water system.”297 The district uses its 
groundwater basin not only as a source of water, but also as a storage facility for 
imported water, a means of further treating water, and a transmission facility for 
delivering water without the need for new surface infrastructure.298  Given its inte-
grated management, the district also can respond to new conditions and needs over 
time. 

California’s Orange County Water District (OCWD) has similarly engaged in 
active conjunctive management of surface and groundwater supplies for decades 
and is often cited as an example of effective and integrated management.299 OCWD 
successfully engages in conjunctive management even though groundwater rights 
have never been adjudicated and the district has no authority to regulate groundwa-
ter withdrawals.300 Like the Santa Clara Valley Water District, OCWD imports 
water in order to offset pressure on the local aquifer from its growing population.301 
Pump taxes assessed on groundwater uses fund the importation.302 OCWD also 
manages a series of injection wells designed to prevent seawater intrusion from 
contaminating the aquifer.303 Although OCWD does not have the authority to di-
rectly manage its residents’ groundwater withdrawals, OCWD can influence its 
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residents’ comparative use of imported surface water and groundwater through 
levying a “basin equity assessment.”304 In the world’s largest urban water recycling 
program, OCWD also reclaims wastewater and then stores it in the local aquifer for 
later withdrawal and use. 

A 2001 study of California’s use of local districts or other governmental insti-
tutions to promote and implement conjunctive management concluded that the re-
sulting programs are generally both “extensive and enduring.”305 Together, the 
studied conjunctive projects involved the storage of over one million acre feet of 
water per year.306 Most of the programs were administered by single entities, al-
though some were overseen through a partnership of two or more agencies.307 Ac-
cording to the study, however, the cost of developing a conjunctive management 
program can be high, and programs must meet the needs of multiple interest 
groups, limiting the amount of conjunctive management that actually occurs.308 

Interest has grown over the last decade in providing for even broader integra-
tion and management of water systems than traditional conjunctive management 
programs have provided.  “Integrated water resources management” (IWRM) has 
attracted the greatest attention.309  According to the Global Water Partnership, 
IWRM is a “process that promotes the coordinated development and management 
of water, land, and related resources to maximize the resultant economic and social 
welfare in an equitable manner without compromising the sustainability of vital 
ecosystems.”310  Under IWRM, multiple agencies (local, state, and national, and 
with different substantive jurisdictions) work together in a region to address a range 
of water issues on an integrated basis.311  IWRM, for example, may take an inte-
grated approach to supplying water (including surface water, groundwater, and 
other forms of water “supply” such as recycled or desalinated water), improving 
water quality, protecting aquatic environments, and managing land use, among 
other related functions.312  The ideal scope of IWRM can vary but would often en-
compass a river or groundwater basin, extended in some cases to include features 
such as GDEs that are central to the problems that the IWRM is attempting to ad-
dress.313  Participating agencies work to manage these issues together, in consulta-
tion with local stakeholders, and in a manner that maximizes regional objectives.314  
Not only does IWRM integrate across the hydrologic cycle, but it also attempts to 
integrate across multiple objectives, considering not only economic efficiency but 
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also environmental and social goals.315  Finally, IWRM provides for adaptation of 
management plans over time in response to new information and changing condi-
tions.316 

Just as California took a lead in promoting conjunctive management, Califor-
nia has also pioneered IWRM among western states.317  Since 2006, California has 
provided over $350 million in grants for both the planning and implementation of 
IWRM programs by local regions in the state.  One of the most successful exam-
ples of what California has dubbed “integrated regional water management” is the 
Santa Ana Watershed Project Authority’s development of its “One Water One Wa-
tershed Plan.”318  The Santa Ana watershed covers 2,650 square miles of Southern 
California and is home to over 5 million residents; the watershed’s population is 
expected to double over the next half century.319  Illustrating the problem of frag-
mented jurisdiction, over 100 agencies in three different counties have jurisdiction 
over various aspects of the watershed; these agencies include both large and small 
water districts, as well as a variety of local, regional, state, and federal agencies.320  
Because each agency has different jurisdictional authority and objectives, they his-
torically found it very difficult to jointly pursue multi-objective, complex pro-
jects.321 

To overcome this fragmentation, the Santa Ana Watershed Project Authority 
(SAWPA) created a planning group to move beyond single-issue management and 
work together to jointly plan all aspects of effective water management.322  The 
planning group took a bottom-up approach.323  They began by working collabora-
tively with stakeholders to determine regional values, goals, and objectives “in an 
integrated and multi-beneficial manner.”324  Building on these goals and objectives, 
the planning group then developed the One Water One Watershed Plan.  Recogniz-
ing the complexity of integrated planning, the planning group used computer mod-
eling tools to assist decision makers and others to better evaluate decision op-
tions.325  According to SAWPA, the resulting plan is a “living document” that will 
permit ongoing coordination among local, regional, and statewide management.326 
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Despite efforts such as those of SAWPA to integrate water management 
across multiple goals and the broad hydrologic cycle, planning and implementation 
of IWRM have proven difficult and complex, resulting in few successful exam-
ples.327  That does not mean that progress has not been made toward more inte-
grated governmental management of water systems.  IWRM is merely an ambi-
tious, formalized illustration of the more general institution of “watershed man-
agement.”328  Over the last two decades, a growing number of states have author-
ized and encouraged local agencies and stakeholders to engage in watershed plan-
ning and management.329  By focusing on a narrower set of issues than IWRM 
promotes, watershed management efforts have often proven easier to implement 
and thus more successful.330 

Unfortunately, watershed management has focused more to date on water 
quality protection than on the type of conjunctive management of groundwater, 
surface water, and land use required to address the problems identified in Part 
III.331  Even where watershed planning has gone beyond water quality, it has typi-
cally failed to integrate many critical elements of the hydrologic cycle, such as 
GDEs and land uses.332  Moreover, most watershed planning efforts have been ad 
hoc experiments, generally involving only small areas, and often lacking the legal 
authority needed to implement resulting plans, thus falling far short of the compre-
hensive efforts required to promote multidimensional conjunctive management.333 

Few water agencies, furthermore, have proven adept at nimble and effective 
adaptation, despite frequent claims to the contrary, as in SAWPA’s statement in its 
One Water One Watershed Plan that the plan will be a “living document.”  Part of 
the problem is information.  State and regions often lack the information needed to 
evaluate current management and adapt to new findings and conditions.  Where 
information is collected, it sometimes is not accessible to key decision makers.  
Part of the problem is also limited resources.  Adaptation costs both time and 
money, discouraging active adaptive management by agencies already strapped for 
funding.  Much of the problem, however, is political and institutional.  Water users 
and land developers make investments and other decisions based on current water 
and land-use management and oppose later changes that threaten their investments.  
Fearful of putting too much power in the hands of bureaucrats, and wishing to pro-
tect major interest groups, states and local governments also have erected a variety 
of legal hurdles over time that further restrict adaptive management. 

V. CONCLUSION 

Visibility is critical in the management of a resource.  Not surprisingly, soci-
ety has had a more difficult time managing natural resources such as groundwater 
and fisheries that are relatively invisible, compared to resources such as forests and 
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surface water that are more visible.  Management might be flawed and difficult in 
the case of virtually all natural resources, but relative invisibility further compli-
cates the effort.  Not being able to see the resource, people are less likely to identify 
problems that need to be addressed and, when told that a problem exists, more 
likely to deny the problem or claim that the problem is less severe than scientists or 
others estimate.  Not being able to see the resource, managers and supporting scien-
tists will generally find it more difficult to determine the specific management steps 
that are needed and to “fine tune” the system to maximize societal objectives. 

Visibility has long plagued societal management of groundwater, leading 
courts and legislatures to ignore important connections between groundwater use 
and surface water rights, GDEs, and land uses overlying groundwater aquifers.  The 
first step in correcting this error is to make the connections.  Where water users and 
landowners already have made significant investments in a status quo that ignores 
such connections, making the connections can be politically difficult.  Making con-
nections in management systems that have long ignored them also can prove ad-
ministratively time consuming and costly.  Because of these obstacles, govern-
ments often begin by making the connections for new uses of water and land.  Al-
most inevitably, however, managers ultimately must also address connections for 
established uses (although managers may decide that the cost of addressing specific 
connections outweighs the societal benefits). 

In recent years, most western states have made significant progress in con-
necting groundwater rights and surface rights.  A number of states, however, still 
have significant progress to make.  These include states, such as California and 
Texas, where radically different legal regimes govern groundwater and surface wa-
ter, making integration more difficult.  Western states as a whole, moreover, have 
made far less progress in connecting groundwater use with GDEs and overlying 
land uses.  Here again, visibility poses a challenge.  The science of GDEs, for ex-
ample, is still in its infancy, often making effective management difficult. 

Making the connections is just the first step.  As discussed in Part IV, once 
connections are made, states must also find a way to ensure that the integrated 
management systems are flexible and both adaptive and responsive to new informa-
tion and change.  Market mechanisms provide flexibility to the ultimate users of 
water, land, and environmental amenities, allowing them to reorder rights as they 
learn more about the resources and their values.  Governmental management sys-
tems, such as Integrated Water Resource Management or watershed management, 
provide mechanisms for the government to adaptively and holistically manage the 
water cycle over time.  Both market mechanisms and government management 
have advantages and disadvantages.  Market mechanisms, for example, have a lim-
ited purview, while comprehensive governmental management has proven difficult 
to implement.  Both approaches consequently are needed.  Rather than alternatives, 
market mechanisms and government management are necessary complements.  To 
ensure effective management, governments must adopt a portfolio approach that 
combines both market mechanisms and more holistic and adaptive government 
management—drawing on the best of both and maximizing the chances of success. 


