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ABSTRACT 
 
 
 

This dissertation is an in-depth comparative case study analysis of different ways 

of tackling the widespread and difficult problem of managing and governing groundwater 

aquifers. In an open access situation, groundwater presents a highly challenging common 

pool resource dilemma, necessitating the development of some kind of institutional 

arrangements to avoid the negative physical and socio-economic consequences of 

intensive resource development. Groundwater is especially challenging because not only 

is it migratory, its movements and volumes are often hard to observe and predict. Further, 

aquifers and groundwater basins may be geographically expansive, spanning great 

horizontal distance and underlying and supporting a variety of socio-ecological settings. 

Some emerging governance trends in the Western U.S. are decentralized decision-making 

and the use of market mechanisms.  

The analysis I report here is largely concerned with two primary governance 

problems: (1) how to effectively address multi-scalar impacts of groundwater use, and (2) 

how to allocate and access to groundwater resources among competing and increasing 

demands. It is motivated by the primary research question: what factors promote and 

hinder the effectiveness of different approaches to groundwater governance and why? 

The dissertation explores dimensions of this question through a comparison of 

contrasting approaches to groundwater administration in the major Southwestern 

metropolitan areas of Phoenix, Arizona and San Antonio, Texas.  

In the Phoenix area, I conclude that more capacity is required to resolve difficult 

local and regional groundwater problems that are not addressed by top-down region-wide 
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regulations. In the case of Texas, recent legislative innovations have developed a formal 

bottom-up regional groundwater planning and management system that reflects principles 

of good governance. However, its effectiveness appears limited due to a number of 

problems. Overall, I find that both Arizona and Texas have developed only partial 

polycentric governance systems for dealing with both local and regional groundwater 

problems. The comparative analysis of cases studies yields insights to expand the general 

understanding of the merits and limitations associated with emerging decentralized 

groundwater governance approaches.  

 This research also contributes to the literature on water transfers and markets by 

developing the first in-depth quantitative-qualitative institutional analyses of both the 

Edwards Aquifer groundwater cap and trade system and the market for extinguishment 

credits in the Phoenix and Pinal Active Management Areas of Central Arizona. Findings 

highlight the importance of the material characteristics of aquifers for the functioning of a 

groundwater market and the different roles and markets can play within a regional 

groundwater governance regime.   
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Chapter 1: Introduction 
 
 

1.1.  The challenge of governing groundwater in the Western U.S. context  
 
"Democratic institutions are quarantine arrangements to combat that ancient pestilence, 
lust for tyranny: as such they are very useful and very boring." - Nietzsche, The 
Wanderer and his Shadow  

 
“There is such a thing as too much democracy.” – Interviewee (anonymous)  
 
 
 The heavy reliance on, and depletion of, groundwater aquifers for human 

demands is a problem of global scope and importance (Famiglietti, 2014; Konikow and 

Kendy, 2005; Wada et al., 2010). The rapid increase in the pumping of groundwater 

reserves, especially for agriculture, in the last few decades has even been described by 

some experts as a “revolution” (Giordano and Vilholth, 2007; Llamas & Martínez-

Santos, 2005). In the United States, where the intensive1  development of groundwater 

resources began earlier in the 20th century primarily for agricultural purposes, 

unsustainable and even unlimited aquifer depletion and its attendant negative economic 

and physical effects  have only been addressed in some locations.  

Groundwater is particularly difficult to manage for the obvious reason that it is 

largely unseen and thus very difficult to map, monitor, measure, model, and otherwise 

predict and quantify under stochastic real-world conditions. To do even a decent job 

requires significantly more investment in monitoring networks and labor than surface 

water. As most any groundwater modeler will be quick to tell you, groundwater models 

                                                
 
1 According to Custodio and Llamas (2003, p. 3) “groundwater use is intensive when the natural 
functioning of aquifers is substantially modified by groundwater abstraction. This implies the use of at least 
part of the freshwater storage in the aquifers and a series of impacts that are commonly called problems” 
(emphasis in original). 
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are always in need of further refinement from more empirical measurement. But perfect 

understanding of groundwater behavior is never attained, and so groundwater is 

inherently plagued by some degree of uncertainty.  

As I show in chapter 2, the degree of uncertainty about the basic nature of 

groundwater was unfortunately extremely high at the time the territories and newly 

minted Western states and territories were first confronted with disputes over the use of 

groundwater. One judicial opinion famously referred to groundwater as “mysterious” and 

“occult,” an almost utterly ineffable substance. Reflecting the dominant ideology of the 

time with regard to the use of natural resources, Industrial Revolution-era courts 

responded to this uncertainty by creating property rights rules that encouraged the rapid 

exploitation of the resource rather than its cautious and equitable apportionment. It would 

take ¾ of a century or more for most states to enact any kind of meaningful limits 

(Blomquist, 1991).  

 In the meantime, these ownership regimes combined with rural electrification and 

advancements in pumping technology to touch off an incredible irrigation bonanza after 

the Dust Bowl. Since the 1930s, the rate of groundwater depletion2 in the United States 

has continued to increase overall, although with a temporary decline from the late 1970s 

to mid-1990s (Figure 1.1.).  

                                                
 
2 Drawing from Wada et al. (2010) and Konikow (2013), depletion is defined here as a reduction in the 
volume of groundwater in underground storage as a result of abstraction in excess of natural recharge.  
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Figure 1.1. Decadal rate of groundwater depletion in the United States 1900-2008. 
Modified from Konikow, 2013. 

 

 The ability to exploit seemingly limitless groundwater reserves facilitated the 

expansion of a massive irrigated agriculture economy throughout the Western U.S., and 

later, urban growth in arid region otherwise lacking major naturally-occurring water 

supplies such as Tucson, Arizona. As shown in Figure 1.2., much or most of the total 

national groundwater depletion is attributable to a handful of aquifer systems. Three of 

the top four biggest contributors are in the Western U.S. Two of them are individual 

aquifer systems: the Ogallala (High Plains) Aquifer and the Central Valley aquifer in 

California. These are in addition to multiple “Western alluvial basins” in various regions 

of the West, including the aquifers that were rapidly depleted in Central Arizona during 

the 1930s-1970s. 
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Figure 1.2. Cumulative groundwater depletion in the United States by major aquifer 
systems and regions, 1900-2008. Source: Konikow, 2013. 

 
 
 
 
 Water law has tended to separate surface and groundwater, not recognizing the 

now-obvious interconnections between them, and reified them during much of the 20th 

century, even as regulatory state agencies were created to deal with problems associated 

with overdraft. The result is that states have had to essentially play catch-up, developing 

systems for managing groundwater withdrawal and resolving problems associated with 

overdraft and common pool resource dilemmas (Schlager, 2006).  Groundwater law and 

policy has from the start been largely reactive rather than proactive or precautionary, 

driven by reactions to crises, disturbances, and outside political exigencies. Ingram et al. 

presciently identified the perils of continuing to rely on such an approach in 1991: 

We are quick to assume that modern society, supported by new 
technologies, will readily avoid past errors. But, as the twentieth 
century comes to a close, some of our more comfortable assumptions 
have been badly eroded. It has become naive to hope that we can 

50  Groundwater Depletion in the United States (1900–2008)
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Figure 55. Cumulative groundwater depletion in the United 
States attributable to agricultural and land drainage projects, 
1900 through 2008.

Discussion of Results
7KH����VHSDUDWH�DVVHVVPHQWV��WDEOH����SURYLGH�HYLGHQFH�

WKDW�WKH�ORQJ�WHUP������±������FXPXODWLYH�GHSOHWLRQ�RI�
groundwater in the United States is about 1,000 km3—about 
twice that of the volume of water contained in Lake Erie 
(about 480 km3���7KH�GHSOHWLRQ�YROXPH�KDG�LQFUHDVHG�IURP�
about 800 km3 in 2000—an increase of 25 percent in just 
8 years. This large volume of depletion represents a serious 
problem in the United States because much of this storage 
loss cannot be easily or quickly recovered and affects the 
VXVWDLQDELOLW\�RI�VRPH�FULWLFDO�ZDWHU�VXSSOLHV�DQG�EDVH�ÀRZ�WR�
streams, among other effects. The individual depletion assess-
ments can be lumped into broader categories to help illustrate 
WKH�PDJQLWXGH�RI�WKH�SUREOHP��¿J�������7KH�WKUHH�LQGLYLGXDO�

Figure 56. Cumulative groundwater depletion in the United 
States and major aquifer systems or categories, 1900 through 2008 
(modified from Konikow, 2011).
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systems that represent the largest contributors to groundwa-
ter depletion in the United States from 1900 through 2008 
are principal aquifers—the High Plains aquifer (340.9 km3���
the Mississippi embayment aquifer system (182.0 km3���DQG�
the Central Valley aquifer system of California (144.8 km3��
�WDEOH�����

7KH�DQQXDO�GHSOHWLRQ�YROXPHV��¿J������FDQ�EH�XVHG�WR�
HVWLPDWH�FKDQJHV�LQ�WKH�UDWH�RI�GHSOHWLRQ��¿J�������7KH�GDWD�
VKRZQ�LQ�¿JXUH����UHSUHVHQW�DYHUDJHV�RYHU����\HDU�SHULRGV��
H[FHSW�IRU�WKH�ODVW�SHULRG��ZKLFK�LV�DYHUDJHG�RYHU�WKH�¿QDO�
8 years of record. Annual rates of total groundwater depletion 
in the United States through 1945 were less than 4 km3/yr, but 
then increased substantially after the mid-1940s. The great-
est rates of depletion occurred during 2001–2002 inclusive, 
when annual depletion rates averaged 34.8 km3/yr. Depletion 
rates during all of this most recent 8-year period averaged 
23.9 km3/yr.
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Figure 57. Decadal scale rate of groundwater depletion in the 
United States, 1900 through 2008. Final value represents average 
rate during an 8-year period, 2001 through 2008.

In addition to widely recognized adverse environmental 
effects of groundwater depletion, the depletion also impacts 
communities dependent on groundwater resources in that the 
continuation of depletion at observed rates makes the water 
supply unsustainable in the long term. However, depletion 
itself must certainly be unsustainable and the observed rates of 
depletion must eventually decrease as economic and physical 
constraints lead to reduced levels of extraction. Yet the data in 
WDEOH���DQG�¿JXUH����GHPRQVWUDWH�WKDW�WKH�UDWHV�RI�GHSOHWLRQ�IRU�
some of the major aquifer system and land use categories dur-
ing 2001–2008 are the highest since 1900, and in fact account 
for 25 percent of the total depletion during the 108-year 
period. Nevertheless, the rate of depletion is leveling off or 
becoming self-limiting in a number of areas, most notably the 
ZHVWHUQ�DOOXYLDO�EDVLQV��VLQFH�������DQG�WR�D�OHVVHU�GHJUHH�WKH�
&HQWUDO�9DOOH\��VLQFH�WKH�HDUO\�����V���

.RQLNRZ��������DOVR�QRWHV�WKDW�RFHDQV�UHSUHVHQW�WKH�
ultimate sink for essentially all depleted groundwater. The 
VXUIDFH�DUHD�RI�WKH�RFHDQV�LV�DSSUR[LPDWHO\�����î��8 km2 
�'X[EXU\�DQG�RWKHUV���������,I�WKH�HVWLPDWHG�YROXPHV�RI�
depletion were spread across the surface of the oceans, it 
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continue to muddle through, merely reacting to crises as they arise, or 
to expect that over the long run the maximum demands of all interests 
can be fully accommodated. There is increasing awareness that the 
destiny of people in arid lands depends far less upon technical 
understanding and physical structures than upon institutions and an 
appreciation of the kinds of political choices available to us as well as 
the contrasting consequences of those choices. (Ingram et al., 1991, p. 
83, emphasis in original). 

 
 
 Despite the various barriers erected during the 20th century (e.g., bifurcated water 

agencies and ownership doctrines), there has been a long shift from no management, to 

somewhat narrow engineering definitions of safe-yield, to broader “sustainability” goals.  

Water law and policy being largely the domain of the individual states, various 

approaches have been taken, making the Western U.S. a sort of institutional laboratory 

full of experiments in addressing the challenges of groundwater governance.  

Additionally, institutional development for groundwater governance is still in a state of 

flux. California, for example, only recently passed comprehensive groundwater 

legislation in 2014 in response to a historic drought.  

 The basic premise of this dissertation is that, given the current state of 

institutional development and experimentation, it is a good time to look closely at 

different ways of governing groundwater resources. There is a need for new approaches 

to governing water in general and groundwater in particular, and to find new answers to 

old questions and problems.  

  The primary research question for this study is: what factors promote and hinder 

the effectiveness3 of different approaches to groundwater governance and why? The 

                                                
 
3 By “effectiveness” I have in mind – modifying Blomquist’s (1992, p. 10) definition – whether 
governance systems have worked as intended to resolve problems for which they were designed 
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dissertation was also motivated by two sub-questions:  

1. What factors limit the capacity to address multi-scalar groundwater externalities 

in the Phoenix, Arizona and San Antonio, Texas metro regions?  

2. (a) How have market-based groundwater allocation institutions been utilized in 

the Phoenix and San Antonio metropolitan regions?  

(b) How have these institutions functioned and what factors account for their 

amount and type of transfer activity? 

 

In answering these questions I aim to identify governance problems in order to 

consider ways to make groundwater governance more effective.  Additionally, this study 

was conceived in recognition that existing comparative studies of water governance in the 

Western U.S. have yielded considerable insights (e.g., Blomquist, 1992; Blomquist et al. 

(2001); Blomquist et al. (2004)). In response to calls for more comparative analyses of 

systems of working rules, or institutions (e.g., NRC, 2001), and to hopefully amplify the 

significance, relevance, and usefulness of my findings, I have chosen to conduct a 

comparative institutional analysis of two different approaches to groundwater governance 

in the Southwest. In this dissertation I explored the groundwater governance regimes in 

use in two major Southwestern Sun Belt metropolitan regions: Phoenix, Arizona and San 

Antonio, Texas. In the next section I review relevant literature before discussing the 

design of the study and choice of case studies.  

 
 

                                                
 
and implemented. Ideally, governance would also enhance social equity and environmental 
quality.  
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1.2. Literature review: Water governance as an object of study 

 The research presented in this dissertation is best situated under the thematic 

umbrella of water governance. Two key concepts are most relevant: governance and 

institutions. I first sketch out the meaning of these concepts before presenting literatures I 

draw from to understand two basic governance problems.  

 

1.2.1. Conceptual and theoretical tools for analyzing groundwater governance 

problems 

In recent decades “governance” has become a paradigmatic concept for analyzing 

the various aspects of use, allocation, etc. of natural resources. Governance is a concern 

of scholars from a variety of disciplines and sub-disciplines, including various human-

environment geographers and policy and political scientists. It is an umbrella term, with a 

variety of definitions with different emphases. The Global Water Partnership has defined 

governance as “the range of political, social, economic, and administrative systems that 

are in place to develop and manage water resources, and the delivery of water services, at 

different levels of society” (quoted in Bauer, 2004, p. 9). The United Nations 

Development Programme has defined it as “…the exercise of economic, political and 

administrative authority to manage a country’s affairs at all levels…it comprises the 

mechanisms, processes, and institutions through which citizens and groups articulate their 

interests, exercise their legal rights, meet their obligations, and mediate their differences.” 

Karen Bakker (2010, p. 44) has defined governance as “…a process of decision making 

that is structured by institutions (laws, rules, norms, and customs), and shaped by 

ideological preferences.” Other definitions could be offered here. Despite the numerous 



	 19	

definitions and their differences, most seem to agree on a few fundamental aspects. It is 

distinguished partly by what it is not: it is not equivalent to government or to 

management. Governance is typically characterized by decision-making about natural 

resources that involves participation by “stakeholders”, resource users, or other interested 

parties under the category of “civil society” rather than simply government workers. It 

can also be thought of as an emergent property of the interactions between various public 

and private organizations and entities, non-profit groups, interest groups, and citizens. 

Operationally, I adopt the understanding of governance as a process (emergent and 

structured by institutions) rather than a static thing. 

 The second basic concept is institutions. If we adopt Bakker’s definition of 

governance - that institutions are the building blocks for governance regimes - then 

institutions are clearly important as foci of study. But if that is the case, then institutions 

themselves must be defined more precisely. After all, the word is in the dissertation title, 

and is the unifying operational concept of the analysis. There are multiple understandings 

of the term and ontological discussions of institutions and the work they do occur in the 

public policy and political science literature (though this is not such an issue for 

geographers). By institutions I refer to the specific conception advanced by Ostrom and 

others of institutions as “rules, norms, and strategies,” or “working rules”4 (Ostrom 1990; 

2005) Operational definitions may be more or less specific, but institutional economists 

such as Bromley and North, as well as some resource geographers and other policy 

                                                
 
4 In common parlance as well as sometimes in the social sciences, the term “institution” is used to 
refer to organizations, e.g., the Supreme Court, the World Bank, or the Church of Scientology. 
According to Ostrom, institutions give structure to organizations, which are not themselves 
institutions but more like an emergent property of many institutions in addition to people, 
technologies, and buildings. 
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scholars, generally agree on some version of institutions as the formal and informal 

working rules that structure human interactions. 

When we talk of governance development or reform, what we are often really talking 

about, then, is the particular sets of institutions, or institutional arrangements, that may be 

chosen to achieve some particular change or objective. Different kinds of institutions may 

be of greater or lesser importance depending on the specific problem being analyzed. For 

example, institutional economics tends to highlight the importance of property rights as a 

particular kind of institution (Dugger, 1988), as they are especially fundamental to the 

degree and nature of the functioning of markets for environmental “goods” or ecosystem 

services. Other types of institutions may also be important, including statutes, the rules 

adopted and implemented by administrative agencies, or the cultural norms shared by a 

particular community of resource users.   

If we perceive groundwater governance to be ineffective or in need of reform, then a 

salient question must be: what kinds of institutions to adopt in order to structure the use 

of, and decision-making about, the resource? Throughout this dissertation I use the 

concepts of governance and institutions to analyze two basic problems: (1) the 

development of governance systems capable of addressing the multi-scalar problems that 

can result from groundwater abstraction, and (2) resource allocation (and reallocation).   

 
1.2.1. The problem of multi-scalar groundwater pumping externalities    
 
 Because groundwater is subtractable and it is often difficult to exclude other users 

in an open access situation, groundwater basins are prone to tragedy of the commons, 

especially in arid and semi-arid climates where recharge rates are minimal. Additionally, 

groundwater is a “fugitive” resource that migrates in ways that are not always well 
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understood. Another major difficulty is that the boundaries of – and interconnections 

within and between – aquifers are complex and sometimes vast in extent. Because 

aquifers are not uniform like a surface water reservoir is, two users withdrawing the same 

amount of water in different parts of an aquifer may have different effects on local 

hydrologic conditions such as depth to water table and the rate of decline .  

 The development of groundwater management practices in the modern era is a 

story of the struggle to figure out how to deal with these problems. Is groundwater best 

managed at the local scale to address unique conditions and impacts? Or are uniform 

regulations enforced for entire regions or states more appropriate?  

 

Centralized regulation and its limitations 

The limitations of centralized natural resource management and governance more 

generally have been recognized for some time by development and CPR scholars. As 

Ostrom (2005, p. 221) explains, during the 1950s-1970s many postcolonial developing 

countries nationalized their natural resources and in so doing removed control from local 

communities. Efforts to transfer control and ownership to the central state often wound 

up resulting in open access situations and their attempts to create effective and uniform 

rules for broad areas often failed. Resulting deficiencies in accountability, managerial 

efficiency, and social equity and justice associated with central governments led to the 

development of community-based natural resource management and a proliferation of 

decentralization reforms of various kinds and degrees in most developing countries 

during the 1980s-1990s (Larson and Ribot, 2004; Ribot, 2002). 
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 Additional limitations associated with centralized government systems are that 

they are not well-suited to accommodating diverse ecological conditions and social 

preferences from area to area (Hooghe and Marks, 2003); that policy experimentation and 

innovation is typically slow (Ostrom 2005, p. 283-284); and that they are not very 

effective at utilizing locally-specific knowledge or developing institutions that reflect 

local experience, knowledge, and custom. For these and other reasons, over the last 

several decades the centralized command and control model has largely fallen out of 

favor and has few remaining advocates across a broad range of governance and policy 

scholars (Hooghe and Marks, 2003).  

There is some indication that the centralized government of groundwater in some 

Western U.S. states exhibits some of these limitations. As groundwater governance 

scholar Dr. Todd Jarvis explains: “Groundwater issues are becoming increasingly 

complex and large in geographic extent, almost too large for the traditional centralized 

management by state agencies” (quoted in Wiley (2015)). 

 

Strengths and limitations of decentralization 

The main alternative to centralized government control that emerged during the 

1980s and proliferated into the 1990s is decentralization5. It became paradigmatic in the 

international development world during the 1980s and 1990s, with some 60 developing 

countries adopting some type of decentralized reforms for natural resources. This was 

accompanied by a “tidal wave” of discourse about it in the academic literature (Larson 

                                                
 
5 Decentralization, per Ribot (2002, p. 4) refers to any act in which a central government formally cedes 
powers to actors and institutions at lower levels in a political-administrative and territorial hierarchy. 
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and Ribot, 2004, p. 2).  When it includes the accountable local representation, 

decentralized is thought to provide a means to achieving gains in equity and justice for 

communities of resource users, as well as improvements in efficiency (Ribot, 2002). In 

reality, this potential has rarely been fully realized and the empirical results of 

decentralization reforms have been decidedly mixed (Andersson and Ostrom, 2008; 

Ribot, 2002). In response, some critics have argued that the infatuation with 

decentralization among much of the international development community is 

unwarranted given the uneven track record of actual decentralization reforms (Andersson 

and Ostrom, 2008). Brown and Purcell, for example, have argued against the unwarranted 

and problematic tendency of development researchers and practitioners to privilege 

localized decision-making, which they call the “local trap” (Purcell, 2006; Brown and 

Purcell, 2005; Purcell and Brown, 2005).  

 A measured view recognizes that decentralization has certain advantages and 

limitations and that it is important to understand what these are.  CPR scholars have 

identified several strengths of highly localized self-governing natural resource 

governance systems. These include the utilization of local knowledge; the ability to 

include trustworthy participants; reliance on disaggregated knowledge; rules that are 

better adapted to specific local social and environmental conditions; lower costs for 

enforcing compliance with rules; and use of parallel autonomous systems that reduce the 

chance of failure in large regions (Ostrom, 2005, p. 281-282). These kinds of advantages 

make decentralized groundwater governance potentially more effective for solving more 

localized or regional groundwater abstraction problems than a central state agency. 
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However, highly decentralized resource governance systems are also limited in various 

ways. These include the refusal of some resource users to organize; formation of local 

tyrannies; inappropriate discrimination; limited access to scientific information; and lack 

of higher-level conflict resolution mechanisms (Ostrom, 2005, p. 282). One limitation 

that I highlight here as particularly relevant to groundwater governance is the inability to 

cope with multi-scalar problems associated with larger-scale common pool resources 

(Ostrom, 2005, p. 282).  

 Collective action to govern large-scale CPRs such as the atmosphere (in the case 

of climate change), oceans, or large groundwater basins is much more complex and 

challenging compared to smaller-scale CPRs such as irrigation districts. This is because 

the externalities of resource abstraction manifest at different “scales” besides the local. In 

highly localized CPR governance, one group of appropriators may only be able to 

regulate one part of the larger resource (as in a groundwater basin) (Ostrom, 2005, p. 

282-283). In the case of large scale regional and even global CPRs, only some of these 

may be addressed if governance arrangements only exist at lower levels.  For example, 

while cities and regions may take action to limit GHG emissions or pollution, these sets 

of institutional arrangements cannot address the larger-scale externalities of global 

climate change resulting from the emissions of other countries, which have global effects 

regardless of the actions of individual communities or regions.  Groundwater basins are 

of course much smaller resources than the oceans or climate, but are nevertheless subject 

to some of the same types of problems related to multi-scalar externalities.  

In the case of groundwater in the Western U.S. “[t]he fragmented nature of water 

and land use at the state level, due in part to the lack of integration between land use and 
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water laws, is leading to a new paradigm in water planning and management which 

focuses on a “bottom-up” approach instead of the traditional “top-down” approach. 

Different “scales” of groundwater governance and management have evolved since 

2000” (Jarvis, quoted in Wiley (2015)). A number of different decentralized groundwater 

management programs have been formed in the Western U.S. in recent years (Wiley, 

2015). Additionally, states such as Texas, Nebraska (Stephenson, 1996), and more 

recently California have developed statewide governance systems that are more in line 

with recent trends towards decentralized governance than the traditional centralized 

model. Given its newness, the effectiveness of this emerging trend of decentralized 

groundwater governance is not yet well understood.  

 

The polycentric alternative 

 From the recognition of the limits of both highly centralized and decentralized 

governance forms, a variety of disciplines and fields developed concepts to discuss 

government and governance forms that are neither highly centralized nor decentralized.  

Terms such as “multi-tiered”, “multi-level,” “multiple jurisdictions”, “polycentric 

governance,” and others can be found across the literatures of European Union studies, 

international relations, federalism, local government, and public policy (Hooghe and 

Marks, 2003). These more sophisticated and nuanced understandings(s) of the concept of 

scale have in recent years been applied to the study of water management and governance 

(Moss and Newig, 2010). Hooghe and Marks (2003, p. 1) state that “Modern governance 

is – and according to many, should be – dispersed across multiple centers of authority.” 

Empirically, virtually all governance systems have multiple centers of authority to some 
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degree (Andersson and Ostrom, 2008). As a reflection of this, the academic discourse has 

moved away from the centralized vs. decentralized binary towards the problem of how to 

organize spheres of authority in a given socio-ecological context.  

 I draw from one of the major conceptual-theoretical understandings of multi-level 

resource governance: polycentricity. Polycentricity is a concept rooted in principles of 

self-governance and democratic administration (as opposed to bureaucratic 

administration) found in the Federalist Papers of Madison and Hamilton, and 

complemented by the observations and commentary of Tocqueville (Ostrom, 1989). 

According to McGinnis (1999, p. 2) “[a] political order is polycentric when there exist 

many overlapping arenas (or centers) of authority and responsibility. These arenas exist 

at all scales, from local community groups to national governments to the informal 

arrangements at the global level.” In a polycentric system, these overlapping decision-

making arenas or centers are also formally independent of each other (V. Ostrom, 1999, 

p. 32) with “limited and relatively autonomous prerogatives to determine, enforce, and 

alter legal relationships (V. Ostrom, 1999, p. 55).” Whereas in a monocentric system (i.e., 

centralized top-down) these prerogatives are vested in a single, monopolistic office or 

decision structure; in a polycentric system there is no one center with monopoly power 

over the use of force. 

 Polycentricity is closely tied to the concept of nested enterprises, one of Elinor 

Ostrom’s 8 institutional design principles (Ostrom 1990; 2005). Case study research on 

irrigation systems in Spain and the Philippines, for example, showed that problems are 

different at different levels of administration and management. The “complex, enduring” 

CPRs exhibited the design principle of nestedness, which exists when “[a]ppropriation, 
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provision, monitoring, enforcement, conflict resolution, and governance activities are 

organized in multiple layers of nested enterprises” (Ostrom 1990, p. 101). This is 

particularly important for CPRs like aquifers that are often part of larger systems.  

Ostrom warns of an important potential pitfall when nestedness is only partial – i.e., rules 

are adopted at one level but not others – which is that an “incomplete system” may result 

that does not last (Ostrom 1990, p. 102).  

 There is evidence that nested, polycentric governance can facilitate the resolution 

of CPR dilemmas by self-governing user communities. In Ostrom and Blomquist’s 

research on several Southern California groundwater basins, the two basins with the 

highest degree of polycentricity had no less than nine different organizations involved in 

the governance system, yet they did not have duplicative functions (Ostrom, 1990; 

Blomquist, 1992. The successful basins exhibited effective information production, 

decision-making processes, and were able to ensure compliance. Additionally, these 

governance systems were sustainable over time, which Blomquist (1992, p. 348) claims 

“is tied as much to the fact that local users designed them as it is to the particular designs 

they arrived at and adopted.” This provides evidence that polycentric governance systems 

have the potential to leverage the strengths of localized decision making while also 

utilizing the strengths of nestedness to address its limitations. According to Ostrom 

(2010, p. 552) “[p]articipants in a polycentric system have the advantage of using local 

knowledge and learning from others who are also engaged in trial-and-error learning 

processes. As larger units get involved, problems associated with non-contributors, local 

tyrants, and inappropriate discrimination can be addressed and major investments made 

in new scientific information and innovations.” 
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 Polycentric governance is a relevant analytical lens for groundwater problems 

because aquifers and groundwater basins are complex regional-scale natural features that 

are prone to multi-scalar externalities that may be difficult for one decision-making entity 

to effectively manage. The concept of polycentricity provides an analytical basis for 

developing overlapping, nested decision-making spheres that can effectively internalize 

an array of externalities that may exist from the ultra-local to the scale of the entire 

aquifer and beyond (e.g., to include adjacent but connected aquifers or surface water 

bodies).  It does not provide a formula or one-size-fits-all prescription, but rather an 

empirically supported analytical approach to use for evaluating and developing context-

specific governance systems. It is expected that polycentric arrangements will be 

complex and “messy”, even likely to generate conflicts over jurisdiction and territory, 

and there is no guarantee of success. But as Ostrom has said, “[n]o governance system is 

perfect, but polycentric systems have considerable advantages given their mechanisms 

for mutual monitoring, learning, and adaptation of better strategies over time. Polycentric 

systems tend to enhance innovation, learning, adaptation, trustworthiness, levels of 

cooperation of participants, and the achievement of more effective, equitable, and 

sustainable outcomes at multiple scales…” (Ostrom, 2010, p. 552).  

Following Andersson and Ostrom (2008), I use the concept of polycentric 

governance to analyze the case studies in this dissertation because it provides a 

theoretical lens for addressing the analytical problems of this dissertation: (1) 

determining how the decision-making centers in the two cases are organized and (2) 

evaluating whether the particular arrangements of decision-making centers are actually 
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effective, i.e., able to meet intended goals and to internalize negative externalities at 

multiple scales reasonably well. 

  

1.2.2. The problem of allocation and reallocation of access to groundwater 
 
The lead article in the October 1987 inaugural issue of Water Strategist was titled 

“Irrigating the City: Emerging Markets for Water Transfers.” In what could be 

interpreted as the manifesto of the publication, the first two paragraphs presciently 

framed the issue of water allocation in the Western US: 

Western water is moving from the countryside to the city. Buttressed by 
economic growth, urban customers can pay more for water than 
agricultural users. Backed by growing urban representation in state 
legislatures, cities can control political solutions to water problems. But 
how much water do cities need? Will massive reallocations be required 
in all states to accommodate growth? Will reallocation decisions be 
made primarily in the courtroom, the legislature, or the 
marketplace? How these questions are answered will shape the future of 
irrigated agriculture and of urban growth in the West. These water 
problems are not as severe as many believe. Cities face potentially large 
shortages that can be met by modest transfers of water from agricultural 
uses. Less than half the western states will require significant 
reallocations. But for transfers to occur on a timely basis, states must 
promote the marketplace as the primary forum for allocating water. 

 

Since then, the argument for the wider adoption of water markets in the Western 

U.S. is more or less the same, and finally the long running debate over the role of markets 

and treatment of water as a commodity as a form of environmental governance for 

surface water has begun to spill over into the realm of groundwater6. Orthodox water 

resource economists often see the answer to the problems of open access and efficient 

                                                
 
6 This is especially true in South Asia. See, e.g., Dubash, 2000; Mukherji and Shah, 2005; Shah, et al., 2006 
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allocation as not enough utilization of groundwater markets; their use should be 

expanded, not limited (e.g., Kuwayama, 2014; Culp et al., 2014; Glennon, 2005; 

Anderson and Hill, 1997). Kuwayama (2014, p. 7) argues: 

Decades of research by economists have shown that markets hold the 
potential to provide incentives for conservation, stewardship, and 
efficient reallocation of natural resources. While small-scale 
groundwater markets have begun to emerge in the United States, this 
policy instrument can be applied more broadly in groundwater 
management in order to protect our most important freshwater resource. 

 

Recent scholarship has catalogued some instances of the use of both formal7 and 

informal markets as a governance mechanism for managing and allocating groundwater 

resources (e.g., Charalambous, 2013; Hanak, 2003; Meinzen-Dick, 2000; Meinzen-Dick 

& Mendoza, 1996; Skurray et al., 2012; 2013; Mukherji, 2004) but they are by no means 

numerous. The Western U.S. lacks a central clearinghouse for water transfers and so it 

remains unclear exactly how much of the total volume of water transferred in the region 

is comprised of groundwater versus surface water to date.  The evidence that does exist 

suggests that surface water transfers and trades are much more frequent in general than 

groundwater (MacDonnell, 1990; Casey and Nelson, 2012) and that groundwater markets 

have been slow to emerge (Kuwayama, 2014; Casey and Nelson, 2012). Skurray et al. 

(2010, p. 261) report that the same is true for Australia and that “[a]nalyses of 

groundwater trading or transfers, with the explicit intent of addressing the range of 

                                                
 

7 By formal I refer to transfers conducted only with approval and certification from some political body 
as a third party with administrative oversight responsibilities, or contract, in contrast to informally, as 
between two private landowners without “official” approval from, or administration by, the state.  
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potential impacts, have been relatively rare.” Overall, from a global view, the published 

knowledge base on actually existing attempts at market-based groundwater governance in 

different combinations of political and physical settings is still relatively small compared 

to surface water.  More needs to be understood about the possible advantages and 

limitations of such approaches compared to others, such as a more “command and 

control” regulatory approaches that have been applied to other common pool resources 

like forests and fisheries.   

It is important to draw the distinction between surface water and groundwater in 

the context of transfers and trades because groundwater introduces important additional 

considerations that are not characteristic of surface water transfers. First, in the Western 

U.S., groundwater rights vary greatly among states and tend to be less clearly defined 

than surface water rights (Donohew, 2009). Second, groundwater rules are often harder 

and more expensive to enforce because the resource is more challenging to observe, 

quantify, and monitor, owing to the simple fact that it exists hundreds of feet 

underground. And consequently, third, it is more difficult to monitor and measure 

withdrawals. Further, groundwater bodies may or may not be connected to surface water 

or to other aquifers. Additionally, upstream/downstream relations are much less important 

for groundwater users and the issue of allocation of annual flow volumes is not 

problematic. Skurray et al. (2010) lay out other key hydrological challenges associated 

with groundwater transfers and trading: determining the hydrological boundaries of the 

system; determining sustainable yield; clarifying the relationships between groundwater 

extraction and impacts; and accounting for intertemporal effects (particularly the 

tendency of discount rates to undervalue future impacts of pumping). All of these 
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challenges have non-negligible information requirements that must be met if negative 

third party impacts are to be avoided or at least minimized. For these reasons, the 

materiality of groundwater aquifers warrants special consideration of an array of different 

factors beyond just efficiency of allocation when crafting rules for groundwater transfers. 

Institutional and non-efficiency dimensions of water markets. 

A 1992 study on water markets in the Western U.S. by the National Research Council 

concluded that “[w]ater has never been allocated solely by markets, and market transfers 

are not an end in and of themselves but a means to the end of a water allocation process 

that serves both private and public interests.” Further, they argued that “judicious 

intervention in water transfer processes will be necessary to avoid or ameliorate the 

adverse effects of some transfers” (NRC, 1992, p. 4).  In other words, markets are 

inherently political and are thus within the domain of governance and institutions.  

Yet many or most analyses of water markets are focused primarily on efficiency and 

not concerned with political interventions and non-efficiency goals.  According to water 

economist Ronald Griffin, “[e]conomically oriented investigations lack interest in 

whether or not ground water mining should occur. The real issue lies in determining the 

optimal rate of pumping, and as an extension, whether or not society is achieving it at 

each moment in time.” This exemplifies what Bauer (2004) calls “narrow” economic 

perspectives hewing to orthodox neoclassical economics with its main focus on market 

efficiency and reliance on “formal, quantitative, and technical approaches.” Narrow 

orthodox approaches to water transfers may tacitly recognize the importance of 

institutional arrangements to the functioning of a groundwater market but typically 

assume their existence rather than take them as the central problem to be analyzed. The 
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“new” institutional economics seeks to incorporate institutions into an orthodox approach 

in order to understand how institutional change affects economies (e.g., North, 1986; 

1990). However, neither school is explicitly concerned with social and political goals 

such as whether or not to mine groundwater. In order to answer my research questions a 

broader approach is needed that focuses on both the materiality, i.e., the internal physical 

characteristics of an aquifer or groundwater basin, and institutions – viewed not as pre-

given, but as an object of study.  

 

An institutional economic approach to water transfers and markets 

The underlying argument motivating my analysis is that the “performance” and utility 

of groundwater transfers, especially via markets, for meeting the complex and multiple 

goals of modern water governance and management cannot be fully understood without 

connecting them to the institutional arrangements that form the architecture within which 

they can function. A deeper understanding of historical context and the actual institutions 

and relevant social and political contextual factors is necessary to explain the kinds of 

transfers and market behavior we observe.  Because I take the institutional arrangements 

that currently exist as a focus of analysis rather than as assumed, I adopt a heterodox or 

“broad” (per Bauer) approach.  Specifically, my analysis of groundwater transfers is 

framed and guided by an institutionalist approach that draws from “old” institutional 

economics. Taking this approach dictates a focus on both qualitative and quantitative 

evidence. For me, it also means that recognizing water as an “economic” good means 

understanding it broadly as a resource of which there is not enough to satisfy all 

demands, and not equivalent to treating it as a tradable commodity (Brown, 1997). 
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A full review of the development of the old institutionalist school of law and 

economics that from the thought of Thorstein Veblen, Wesley Mitchell, and John R. 

Commons is beyond the scope of this analysis and has been done elsewhere (Mercuro 

and Medema, 2006). Instead, I briefly identify the foci of institutional law and 

economics, in order to foreground the particular configuration of factors that are the 

substance of the following analysis.  

Institutional economics argues that economically oriented investigations need not be 

limited to efficiency. Bauer (2004, p. 12) encapsulates the sensibility and foci of 

institutional economics as follows:  

An institutional economic perspective…focuses directly on the 
institutional arrangements, even though this requires qualitative analysis 
of noneconomic factors, such as law, politics, culture, and historical and 
social context. Since the rules governing markets come before the 
markets themselves, using market-based methods to analyze the 
rules can lead to conclusions that are too narrow, if not simply 
mistaken. Instead we should analyze these rules in terms of the values 
and interests of the people who influence their design. 

 

Institutionalist analysis also emphasizes a comparative approach to legal-

economic analysis.  This is because “[i]nstitutionalism asserts that the essential normative 

element in political-legal-economic decision-making means that a choice must be made 

between alternative efficiency-distributional results and hence between alternative 

political-legal-economic institutional structures” (Mercuro and Medema, 2006, p. 232). 

The comparative approach “…emphasizes the need to explain and analyze the available 

alternatives and consequences of public policy choices at the constitutional, institutional, 

and economic impact stages of choice” (Id., p. 232).  From this view, they argue, 

institutions cannot be taken as given or assumed away but rather must be the focus of 
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comparative analysis of the effects of particular institutional arrangements on social well-

being; to which we can also add – in the case of natural resource policy – effects on 

ecological quality.  Part of the usefulness of institutional economics is illuminating the 

outcomes associated with different institutional arrangements; not solely efficiency but 

rather a variety of factors that may affect social and ecological well-being.  

Factors that emerge from emblematic institutionalist studies of water resource 

issues (e.g., Bauer, 1998; 2004; Bromley, 1982; 1985; Livingston, 1993; 1995; 2005; 

Wandschneider, 1986) as especially important are the property rights (especially their 

formation and specification); the initial allocation of rights or permits; the historical 

context under which market institutions developed; and a strong sense of the instrumental 

nature of institutions in relation to goals (a la legal theorist Morris Cohen’s 

instrumentalist conception of property rights, as discussed by Raymond (2003)).  

Adopting an instrumentalist view of institutions, salient analytical questions might 

be: What are the broader environmental and social goals? Are markets the best way to 

achieve that goal, or can it be achieved through other means? What are the pros and cons, 

limitations of a market-oriented solution compared to a non-market one? In other words, 

from an institutionalist perspective there is no a priori assumption that efficiency of use 

is always (nor should be) necessarily the foremost criteria for developing or reforming 

water policy, and accordingly makes no assumption that markets are always the most 

appropriate way to achieve natural resource management goals, including transfers and 

reallocations of rights and permits.  
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1.3.  Present study 

Case studies 

I selected Phoenix, Arizona and San Antonio, Texas as studies for comparison 

based on their similarities and differences. The key similarities between the cases are that 

they are groundwater reliant (San Antonio more so than Phoenix); have experienced 

major urban and suburban growth; have major irrigation economies in and around the 

area; increasingly limited surface water supplies; and have arid or semi-arid climates. 

Key differences include: two contrasting approaches to governance (bottom-up vs. top-

down) and different ways of using transfers and market mechanisms for allocation.  

The Phoenix case is comprised of two neighboring groundwater districts, the 

Phoenix and Pinal Active Management Areas (AMA) (Figure 1.3). The Phoenix AMA 

contains most of metro Phoenix, which is surrounded by 287,000 acres of farmland in the 

AMA (ADWR, 2011). In the Pinal AMA adjacent to the south, agriculture is still the 

primary water user but the area has increasingly been developed as an exurban commuter 

zone in the early 2000s. Only a few years ago, Pinal County was the fastest growing 

county in the entire country (Maguire, 2007).  

 Groundwater supplies in the Phoenix AMA are primarily alluvial basin fill 

aquifers. Although the region has substantial surface supplies from the Salt River and the 

Colorado River (via the Central Arizona Project) that it uses to offset groundwater 

mining, overdraft in both the Phoenix and Pinal AMAs is expected to continue beyond 

2025 (Smith, 2015).  Arizona Department of Water Resources has stated that maintaining 

the statutory management goal of safe-yield by 2025 in the Phoenix AMA is likely to 
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become increasingly difficult as municipal and industrial demands increase at the same 

time that renewable surface supplies decrease (ADWR, 1999). 

 
Figure 1.3. Central Arizona Active Management Areas. Gray areas denote urban zones. 
Green areas indicate irrigate land.  
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 The San Antonio metropolitan area lies in a region of Texas known as the Hill 

Country. It is characterized by a semi-arid climate, desert scrub vegetation, and the 

rolling hills that are its namesake. Sitting just east of the 100th meridian, the region is 

prone to alternating periods of intense drought and severe flooding. The two major 

sources of groundwater supply in the region are the Trinity Aquifer and the Edwards 

Aquifer. The Trinity Aquifer is the primary water source for the Hill Country region. It is 

characterized by complex faulting and very slow recharge; only about 4-5% of annual 

precipitation reaches the aquifer (Eckhardt, n.d.).  

 It is important to consider the region as a hydrologically connected whole despite 

the existence of more than one major aquifer.  This is because the region to the north of 

the Edwards Aquifer includes its recharge zone and also because the Trinity Aquifer 

contributes flow to the Edwards Aquifer. Figure 1.4. shows the larger Edwards Aquifer 

region and its different zones.  
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Figure 1.4. Edwards Aquifer region. The Trinity Aquifers (not shown) underlie much of 
the contributing zone of the Edwards Aquifer. Map by Gregg Eckhardt 
(http://www.edwardsaquifer.net/)  

 
  

An especially unique aquifer, the Edwards Aquifer consists of karst that is continually 

dissolved by water.  Flow through the aquifer is rapid; at one time there was an attempt to 

classify it as an underground river. Water exits the karst system through one of several 

springs. These springs, most notably the San Marcos and Comal springs, are the source of 

the Comal and San Marcos rivers, which join the Guadalupe River, creating an unbroken 

hydrologic connection all the way to the estuary at the Guadalupe’s mouth in the Gulf of 

Mexico. The Edwards Aquifer supports a number of endemic species of fish, amphibians, 

and aquatic plants. several of which have been designated threatened or endangered.  

The 8-county San Antonio metro region has been one of the fastest-growing areas in 

the U.S. in recent years (Davila, 2016). Just as growth in Phoenix has extended 

southward into Pinal County, San Antonio’s growth has been moving in a northeastern 

direction through northern Bexar County and into adjacent Kendall County. In order to 

capture some of the complexity of groundwater management and administration, I focus 
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on three groundwater districts (Figure 1.5.). The Trinity Glen Rose Groundwater 

Conservation District (TGRGCD) has jurisdiction over the Trinity Aquifer in northern 

Bexar8 County. The Cow Creek Groundwater Conservation District is coextensive with 

Kendall County, which is primarily rural but contains the rapidly growing city of Boerne. 

The Edwards Aquifer Authority has jurisdiction over the Edwards Aquifer which 

supports both the City of San Antonio and a sizable irrigation economy in the western 

counties of Medina and Uvalde.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
 
8 Pronounced “bear”.  
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Figure 1.5. Texas case studies: Cow Creek Groundwater Conservation District, Trinity 
Glen Rose Conservation District (comprised of 5 sub-districts), and the Edwards Aquifer 
Authority (borders in red).The two primary relevant aquifers are the Edwards Aquifer 
(shown in orange) and the Trinity Aquifer (in brown).  

 

 
 
1.3.1.  Data and methods 
 
Data sources and evidence 

 The body of evidence for this study collected for this study consisted of a variety 

of different documents; quantitative and qualitative groundwater transfer records; and 

semi-structured key informant interviews.   

 Documents collected included court cases obtained through online legal 

databases, state statutes obtained online, rules documents and management plans of water 
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districts and utilities, water agency and district reports, news media, state archives (in the 

case of Arizona), and various other documents.  

 Despite the long history and experience with – and interest in – water transfers in 

the Western states, there is still no single publicly available comprehensive database for 

such data. Therefore, the records of groundwater transfers required for this study had to 

be pieced together from several different sources. These included records obtained from 

(a) the Edwards Aquifer Authority (for Texas), (b) Arizona Department of Water 

Resources, and (c) the archives of the discontinued trade publication Water Strategist9. 

Water Strategist archives are available publicly in tabulated form via the UC-Santa 

Barbara Bren School database. To these I added qualitative information from the hard 

copy archives accessed at the University of Arizona Law Library and via interlibrary 

loan. These sources are discussed in more detail in Chapters 6 and 7. 

 I also conducted 52 semi-structured key informant interviews (17 in Arizona and 

35 in Texas). Some interviews were with more than one participant, so the total number 

of informants interviewed was 58 (21 in Arizona, 37 in Texas). Sampling was purposive 

based on individuals’ particular experience, expertise, and/or the “sector” they work in. 

Questions asked were taken from a pool that I compiled and selected from in advance 

based on my knowledge of the individual and their expertise or job. Recruitment was 

done using the snowball technique. Sampling was not designed to achieve an even, 

statistically analyzable distribution, but an effort was made to speak to as many different 

kinds of experts as possible given time and resource constraints. The sample pool 

                                                
 
9 “Water Strategist” here refers to two separate publications by the same publisher, Stratecon, (the other 
being Water Intelligence Monthly) that were later merged into one before being discontinued in 2010.  
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consisted mainly of attorneys, water managers, scientists and modelers with relevant 

expertise, agency staff, individual users, and water rights holders. Per the human subjects 

agreement, I have kept all informants anonymous. All participants were given the choice 

to be recorded or not; all consented.   

  

Method of analysis 

 The general mode of analysis involved an inductive qualitative comparison of the 

two cases organized around the two key themes identified in the literature review above. I 

analyzed of the various types of documents collected for content. Interview recordings 

and transcripts were used to triangulate between the various other data sources and to “fill 

in the blanks.”  

 In chapters 2 and 3, a historical analysis of groundwater law and policy in the two 

states was developed from a combination of primary and secondary sources. Primary 

sources consisted of files obtained from the Arizona state archives. Chapters 4 and 5 

relied on a combination of state statutes in the two states, a variety of documents, a 

systematic search of court cases and contested hearings (in the case of Arizona), 

groundwater district rules and management plan documents, and key informant 

interviews to identify and characterize groundwater governance problems. The analysis 

presented in chapters 6 and 7 is based on a triangulation between three types of evidence: 

groundwater rights transfer records, semi-structured key informant interviews, and 

various documents which included water management plans, water user contracts with 

agencies, Water Strategist archives, and relevant published reports and literature. 
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I recognize that the selection of the case studies and choice of inductive reasoning 

approach inherently poses some limitations on generalizability of results (Poteete et al., 

2010). On the other hand, it avoids making assumptions about the importance of different 

factors and allows a more holistic and historically grounded explanation to emerge. I 

believe that because there is not yet a wealth of case studies on groundwater governance, 

in-depth case study is an appropriate research approach to allow key issues and 

challenges in particular contexts to emerge from qualitative investigation. My choice to 

conduct a comparative study was made in the hopes of amplifying the specific insights 

beyond the limitations of individual case studies alone.  

 

1.4. Plan of the dissertation 

Chapter 1 consists of the foregoing introduction. In chapters 2 and 3, I develop a 

two-part historical account of the development of groundwater governance institutions in 

both states, as relevant to the case studies. These chapters provide the background 

necessary to understand the later chapters. I attempt to show exactly when and how the 

two states diverged in terms of their management and governance systems. In chapters 4 

and 5 I largely focus on the problem of how to address groundwater problems at different 

scales. In these chapters I focus on identifying the limitations of the Arizona model of 

top-down regulation (chapter 4) and Texas’ bottom-up approach, with special focus on its 

regional groundwater planning system in relation to the Cow Creek and Trinity Glen 

Rose groundwater districts.  Chapters 6 and 7 consist of institutional analyses of the role 

of groundwater transfers in the Phoenix AMA (chapter 6) and in the Edwards Aquifer 

Authority (chapter 7). Chapter 8 is devoted solely to a comparative discussion based on 
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the findings from (a) chapters 4 and 5 and (b) chapters 6 and 7. The dissertation ends with 

a short summary (chapter 9).   
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Chapter 2: The “mad race” – historical analysis of the development of groundwater 
institutions in Arizona and Texas, 1800-1960 

 
 
 

“Cuius est solum, eius est usque ad coelum et ad inferos” (“whoever’s is the soil, it is 
theirs all the way to Heaven and all the way to hell”) 
 
"In the absolute sense, there can be no ownership in seeping and percolating waters until 
they are reduced to actual possession and control by the person claiming them because of 
their migratory character. Like wild animals free to roam as they please, they are the 
property of no one." (Chino Valley v. Prescott, 1981) 

 
 
2.1. Introduction  

As noted in the introduction, this dissertation is largely focused on comparing the 

responses to groundwater problems in two different states. The aim of this chapter is to 

connect property decisions to the governance regimes as they exist, and to provide the 

necessary background and context for the subsequent chapters. The two states followed 

the same basic trajectory, but to differing results.  Groundwater was originally under 

common law rules developed out of early conflicts among groundwater users. However 

common law rules failed to adequately address third party effects, which eventually 

become too much for the courts to manage. This led to some initial attempts in the late 

1940s to deal with groundwater problems but these attempts did not amount to very 

much. However, they did lay the groundwork for more meaningful changes in later years, 

which set the stage for the rest of the dissertation. Figure 2.4. at the end of the chapter 

provides a chronology of key events discussed in the chapter. 
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2.2. Adoption of common law doctrines of individual groundwater ownership  

A brief review of the early history of groundwater law in these two states is 

relevant here to contextualize the subsequent legislative developments and later 

groundwater conflicts, which center on the common law allocation and ownership rules 

adopted in both states for groundwater. Because the story of modern groundwater 

management has a lot to do with modifying and working with and around common law 

doctrines, it is worthwhile to briefly consider the early landmark cases. These problems 

are still with us, and the particular ways legislatures have developed groundwater 

management rules are strongly influenced by these early allocation rules, even 100+ 

years later.  

A fundamental question for the first legislatures in both Arizona and Texas was 

whether or not groundwater had - or should have - a “public character” (to quote Dean 

Mann (1963)) or a private one. Both states did not see good reason early on to confer a 

public status on groundwater the same way they had with surface water (though of course 

with private rights of usufruct, per the prior appropriation doctrine). The Howell Code 

adopted in the Arizona territory clearly placed surface water in the public domain but said 

nothing at all about groundwater, its glaring omission suggesting its relative 

unimportance at the time.  The Texas Constitution also did not designate groundwater as 

part of the public domain. Consequently, in both states it fell to the courts and not the 

legislatures to resolve questions of groundwater ownership and allocation as they arose, 

as they inevitably did.  

The early court cases centered around conflicts over property rights rules in 

groundwater and raised basic questions at the heart of groundwater governance. What 
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kind of property rules to apply to groundwater? What kind of a thing is groundwater? 

Was a groundwater body part of an underground river or a reservoir? Was it connected to 

and replenished in far-off locations? People (and most importantly judges) simply did not 

know because groundwater hydrology was in its infancy.  Still, the conflicts had to be 

settled and judges used the legal principles they had at their disposal.  

At almost the same time in both states, disputes arose involving plaintiffs whose 

small capacity domestic wells were rendered useless by the drop in the local water table 

caused by high-volume industrial pumping by a private company. In the Arizona case, 

Howard v. Perrin (1904, aff 'd 200 U.S. 71 (1906)), the culprit was a mine; in Houston & 

T.C. Ry. Co. v East (1904), it was a railroad company with a well capable of pumping 

25,000 gallons a day. Lacking statutory guidance from their respective state and 

territorial legislatures10, which had adopted basic rules for surface water but not 

groundwater, it fell to the courts rather than the legislatures in both Arizona and Texas to 

decide the legal basis for owning and allocating groundwater.  

Within two years of each other, in these two cases the Supreme Courts of both 

states set precedents by rejecting the more egalitarian approach of correlative rights in 

favor of English common law principles of absolute individual ownership, based on the 

principle of cuius est solum, eius est usque ad coelum et ad infernos (“whoever’s is the 

soil, it is theirs all the way to Heaven and all the way to hell”). Both the East and Howard 

courts essentially decided that landowners had a virtually unlimited and unrestricted 

individual right to pump whatever groundwater they could from underneath their land. 

Not only that, but they could also do so without liability for injury to their neighbors. As 

                                                
 
10 Texas was granted statehood in 1845; Arizona did not become a state until 1912 
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a result, the plaintiffs in both cases were deemed not entitled to compensation for the 

damages they suffered as a result of the pumping of their corporate neighbors.   

In Texas, the East decision is notable for establishing the oft-maligned11 “rule of 

capture”, a term sometimes used interchangeably with “absolute ownership” (e.g., Earl 

and Votteler, 2005) but arguably better understood as a rule of liability than of ownership 

per se, as is often implied in common parlance. Whether or not the East court also 

established a vested property right to groundwater in place, prior to “capture,” was an 

unsettled question for over 100 years until the Texas Supreme Court affirmed the 

existence of such a right in 201212.  

At any rate, the East and Howard decisions were not materially different since the 

practical effect of both was to make access to groundwater a virtual free-for-all, giving 

landowners the right to “capture” whatever groundwater they can from beneath their land 

without being liable for negative impacts on adjacent landowners, which is usually the 

drying up of a well as a result of a drop in the water table.  The ability to deprive others 

of a water supply by groundwater pumping without liability according to the rule to 

capture has been upheld in various Texas cases since East13, though not without some 

finger-wagging from the bench towards the state legislature for its failure to meaningfully 

address the issue.  

                                                
 
11 Porter (2009, p. 129) pulls no punches, calling the rule of capture “the nightmare that still rules in 
groundwater law in Texas” and “a source of unending pain and consternation ever since 1904.” 
12 The controversial Edwards Aquifer Authority v. Day and McDaniel (2012) case (for analysis see, e.g., 
Johnson and Ellis, 2013; Newman, 2012; Ziaja, 2012).   
 
13 See, e.g., Pecos County WCID No. 1 v. Clayton Williams (1954); Sipriano v. Great Spring Waters of 
America, Inc. (1999) 
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The East and Howard decisions of course did not occur in a vacuum and were 

consistent with a small but influential handful of earlier key groundwater cases in which 

correlative principles (as in the doctrine of riparian rights for surface water) were rejected 

in favor of individual ownership. One case cited as most important in shifting the course 

of the courts away from egalitarian principles by Morton Horwitz (1977) is Greenleaf v. 

Francis (1836), which was the first application of the absolute ownership doctrine to 

groundwater. In England, the leading case was Acton v. Blundell (1843), though it was 

not the first English case to deal with groundwater liability disputes (Dellapenna, 2013b). 

The Ohio courts had made similar ruling in Frazier v. Brown (1861), a case involving 

dewatering for mining, and which offered a definition of groundwater as “percolating 

water” used by other courts.  

Relying on these earlier cases, the courts in Texas and Arizona found no reason to 

legally distinguish “percolating water” from the soil column. For example, the Howard v. 

Perrin (1906) decision stated that “percolating water oozing through the soil” does not 

have a “characteristic of ownership distinct from the land itself” and therefore is “not the 

subject of appropriation by another, but belong[s] to the owner of the soil.”  

The East court quoted from the Acton v. Blundell decision: 

That the person who owns the surface may dig therein and apply all that 
is there found to his own purposes . . . and that if, in the exercise of such 
right, he intercepts or drains off the water collected from the 
underground springs in his neighbor’s well, this . . . falls within the 
description of damnum absque injuria, which cannot become the ground 
of an action. 

 

The omission of groundwater from the public domain by the states and the 

decisions of the courts to apply a rule of virtually unlimited individual access rather than 
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a correlative system14  are at least partially explainable for several reasons that are worth 

considering. 

First, as Mann (1963) and others have pointed out, unlike surface water, there 

were major deficiencies in hydrogeologic knowledge and especially compared to today, 

precious little was understood about groundwater. As water law expert Dellapenna 

(2013a, p. 267) observes: 

…the creation by courts in the United States and England of the 
common law of groundwater in the nineteenth century was steeped in 
ignorance. Where scientific or technological certainties were available, 
nineteenth-century courts were as prepared to be guided thereby as any 
later common law judges. But hydrogeology and hydraulics were not 
developed enough then to offer certainty, and the common law 
concerning groundwater developed with little guidance from either–as 
the courts and legislatures readily admitted. 

 

Examples of court opinions to this effect can be found in the major decisions 

where absolute dominion/ownership was applied to groundwater.15 In Acton, the court 

stated that groundwater flows through  

…hidden veins of the earth beneath its surface: no man can tell what 
changes these under-ground sources have undergone in the progress of 
time: it may well be, that it is only of yesterday’s date, that they first 
took the course and direction which enabled them to supply the well: 
again, no proprietor knows what portion of water is taken from beneath 
his own soil: how much he gives originally, or how much he transmits 

                                                
 
14 Not all Western states applied absolute ownership to groundwater; California is particularly notable for 
applying the correlative use principle (Katz v. Walkinshaw, 1903). 
15 While the courts argued from ignorance, there were also interesting positive theories about groundwater 
around the turn of the century. In his excellent history of farming in the High Plains region, John Opie 
(2000) describes an amusing commonly held myth in the late 1800s that the Ogallala aquifer was part of a 
vast, inexhaustible underground “water sheet” that flowed like a river underneath Kansas and which issued 
forth from either the Rocky Mountains or Arctic glaciers, depending on who you asked or which newspaper 
you read. Remarkably, the “Arctic theory” remained popular for decades until being finally dispelled in the 
1950s; the inexhaustibility of the Ogallala aquifer was not shown to be erroneous until the 1960s (Opie, 
2000, p. 73). 
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only, or how much he receives: on the contrary, until the well is sunk, 
and the water collected by draining into it, there cannot properly be said, 
with reference to the well, to be any flow of water at all. 

 

The Texas Supreme Court relied heavily on the Acton decision in deciding the 

East case and quoted from Frazier v. Brown (Ohio, 1861), which famously described the 

mysterious character of groundwater as follows: “[T]he existence, origin, movement and 

course of such waters, and the causes which govern and direct their movements, are so 

secret, occult and concealed, that an attempt to administer any set of legal rules in respect 

to them would be involved in hopeless uncertainty, and would be, therefore, practically 

impossible.” 

As this quote illustrates, this “hopeless uncertainty” mattered a great deal because 

it was used as chief justification for rejecting a correlative rights regime, the information 

requirements of which were thought to be far too great in relation to actual knowledge of 

groundwater at the time to be remotely workable.  

Additional byproducts of this hydrologic ignorance were the development of basic 

legal categories that seem almost nonsensical today in light of modern hydrology and 

hydrogeology, which have allowed us to map and delineate aquifers, model groundwater 

flow through various types of strata, and identify and quantify the connections between 

surface and groundwater bodies.  For example, the Acton decision was important for 

distinguishing between “percolating” groundwater and water flowing in underground 

streams, categories that were adopted by both Arizona (inserted into the State Water 

Code in 1917) (Mann, 1963) and Texas.  Howard v. Perrin (1906) centered around 

making an important factual determination of whether the water the plaintiff was using 

was one type of water or the other. If an underground water source could be determined 
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to be an underground stream, then it was part of the public domain and subject to prior 

appropriation (in both Arizona and Texas) with consent of the state and not free for the 

taking by virtue of land ownership as percolating groundwater was.  Arizona also adopted 

the confusing third category of “subflow” which is also legally part of the public domain, 

though factually determining whether water is and is not subflow has proved to be far 

from a straightforward task (Glennon and Maddock, 1994).  

Lack of understanding of groundwater’s fundamental physical attributes such as 

connectivity to surface water bodies, recharge rates, volumes, flow rates and patterns, and 

spatial distribution is problematic because these material aspects of groundwater are 

highly relevant to its legal control. As illustrated in the following chapters, despite major 

advancements in hydrologic knowledge, uncertainty about these aspects is never fully 

eliminated and never ceases to be a source of conflict.  

A second contextual factor surrounding these early cases is that although they 

involved relatively high volume pumping, in general groundwater was not yet a major 

economic input in either state in 1904; certainly not to the extent that surface water was. 

This was in part due to a lack of adequate pumping technology needed to extract large 

amounts of water from deep non-artesian aquifers. The early cases like Frazier v. Brown 

and Acton v. Blundell involved dewatering for mining purposes or some other land 

development, rather than irrigated agriculture. Before the invention of the high-speed 

centrifugal turbine pump in 1937, groundwater was mainly drawn from shallow wells and 

used in relatively small volumes (Dellapenna, 2013a), e.g., for livestock and domestic 

purposes, and not for the kind of large-scale irrigated agriculture that proliferated in the 

West during the 1940s-1950s.  
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The San Antonio / Edwards Aquifer region in Central Texas is somewhat of an 

exception given that the prevalence of artesian springs made groundwater possible to 

access in the 1800s and early 1900s with existing technology and was plentiful enough 

for the small population in the region such that conflicts over ownership did not arise16. 

Other groundwater bodies such as the Ogallala Aquifer and the Basin and Range alluvial 

aquifers in the valleys of central Arizona could not be heavily exploited until much later.  

A third and less commonly cited explanation for the early groundwater cases has 

been made by Morton Horwitz. Horwitz (1977) has argued more than just lack of 

hydrologic knowledge was at play in the rejection of correlative rights and the separation 

of surface and groundwater; primarily that judges had internalized the concept of the 

common law as a tool for industrialization by the time groundwater conflicts began to 

enter the courts, thus leading to decisions that reflected the laissez faire economic 

ideology of the time. Reading between the lines of the East and Howard decision 

certainly makes this a plausible explanation; essentially, both courts ruled that the 

negative externalities of water development for economic purposes that fell upon unlucky 

individuals should not pose any kind of barrier whatsoever to that development as long as 

the use was “beneficial” and not malicious or wasteful in intent. Mining and railroads 

were obviously critical to the settlement and economic development of the Western states 

and territories and the courts saw no compelling reason for a few individuals with dried-

up wells to stand in the way of that. The East court clearly justified their decision in part 

                                                
 
16 The first municipal well in Bexar County, where San Antonio is located was installed in 1888 
(Porter, 2009). Surface water had been used throughout the Southwest for hundreds of years 
prior.   
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on the argument that correlative rights would place an unnecessary barrier on economic 

development.  

To summarize, the key rules established by these courts were (1) individual, 

rather than public ownership of groundwater; (2) no legal limits on pumping; (3) no 

liability for negative externalities suffered by others as a result of one’s groundwater 

pumping. During the 20th century, Texas courts would eventually add some constraints to 

the rule of capture besides malicious pumping to address groundwater pumping that 

qualifies legally as waste or results in subsidence (Johnson, 2014). Arizona courts later 

amended absolute ownership by adding reasonable use criteria to in Bristor v. Cheatham 

(1953) (hereafter Bristor II). However, reasonable use is only a slightly more restrictive 

than rule of capture in that it requires that the use of the water be “reasonable” as 

determined by the courts (it virtually always is), and its use is limited to the land from 

which it is pumped, i.e., appurtenant (Sax 2006, p. 415). Consequently, even with these 

modifications the Texas and Arizona common law rules for groundwater have remained 

somewhat similar by posing relatively few limitations on landowners. Overall, courts in 

both states have generally refrained from making any substantial modifications to the 

common law groundwater rules, much less overturning them, preferring instead to 

reaffirm older decisions and punt the larger problem to the legislature. Once ingrained in 

the conventional wisdom and become the foundation upon which economic benefit 

streams are attached, these concepts do not go away quietly (or even at all).  

Because of their persistence, these early cases are still important to the continuing 

development of groundwater governance today – especially in Texas – because they 

introduced and codified in law certain ideas about groundwater (its materiality, how it 
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can or should be owned, what kind of obligations and liabilities users have to others, etc.) 

that facilitated the problems that developed during the mid to late 20th century and 

influenced or constrained the set of possible options for addressing these problems, even 

today.  Much of the story of 20th century groundwater management and administration in 

these two states is about what to do, if anything, about the common law. Part of why the 

1980 Arizona Groundwater Management Act and Texas Edwards Aquifer Authority Act 

are so important is that they replaced the common law rules with new property rights 

regimes. 

To summarize before proceeding: 

* Because state and territorial legislatures had not developed provisions in their 

Constitutions about it, rules about groundwater allocation and use were established by the 

courts rather than legislatures.  

* Despite being hydrologically connected, groundwater was established as a legally 

separate entity from surface water, subject to separate rules of allocation than surface 

water such as prior appropriation and riparianism. An entire separate body of law 

develops around groundwater.  

* Courts in Arizona and Texas opted to apply absolute ownership instead of the 

correlative rights system associated with riparian rights.  

* Consequently, groundwater in Arizona and Texas was placed in the private domain 

subject to common law ownership rules rather than in the public domain, as in the case of 

surface water. 
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2.3. Large-scale groundwater development in Arizona and Texas 

Advancements in pumping technology in the late 1930s (Dellapenna, 2013a) 

made possible an explosion in groundwater pumping in the irrigable lands of the Great 

Plains and arid West and Southwest. This contributed to the first attempts of the two 

states to manage their groundwater pumping.  

 

2.3.1. Groundwater development in Central Arizona 

In Central Arizona, developments in pumping technology, high commodity prices 

(particularly cotton) in the 1930s and following World War II, lower electricity costs, and 

an extended drought combined to increase farmers’ reliance on groundwater and it 

becoming a major part of the state’s expanding agriculture economy (Dunbar, 1977; 

Mann 1963, p. 48-50). From 1940-1953 groundwater pumping for irrigation increased 

from about 1.5 million AF per year to 4.8 million AF per year (Ashley and Smith 1999, 

p. 189). Almost all of the water used in Arizona during the 1940s and 50s was for 

agriculture (95% in 1955).  By 1975 it had only decreased to 89%. Thus the early cases 

were soon followed by a massive uptick in irrigation, and with it, huge increases in 

groundwater pumped and consumed for agriculture. The rapidly increasing quantities of 

irrigated land in Arizona illustrate this change (Mann 1963, p. 44). There were 65,821 

irrigated acres in 1889. By 1909 there were 320,051. In 1940, 1,500,000 AF was pumped 

for irrigation; by 1950, 3,410,000, and by 1953 4,800,000 AF.   Of the 4,450,000 AF of 

groundwater used consumptively in the state, 95% (4,225,000) was used for irrigation.  

 

Pumping in area of present-day Phoenix Active Management Area 
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Most of the increase in pumping occurred in Maricopa and Pinal counties, which 

overlie the Salt River and Santa Cruz River valleys, respectively.  By 1963, over 75% of 

all groundwater used in the state was pumped from wells in Maricopa and Pinal Counties 

(Harshbarger et al. 1966, p. 60). The precipitous decline in groundwater depths in the Salt 

River Valley between the 1930s and 1960s is shown in Figure 2.1. Before 1940, 

irrigation in the Salt River Valley was done with surface water held in reservoirs. The 

application of this water in the valley actually had the effect of recharging the aquifers 

and lifting the groundwater tables. “About 1940, however, the cultivated area in the Salt 

River Valley expanded beyond the region irrigated with surface water, and irrigation 

water began to be pumped from wells. Thereafter, water levels declined, and in recent 

years the water table has dropped far below its original level” (Harshbarger et al., 1966, 

p. 18). Then in the 1940s there was a drought to which farmers responded by pumping 

groundwater to make up for the shortage of surface water. Then, after WWII high 

commodity prices spurred new irrigation and thus water demand. (Harshbarger et al., 

1966, p. 18).  

 

Pumping in area of present-day Pinal Active Management Area 

In the lower Santa Cruz River basin, the area now known as the Pinal AMA, several 

irrigation areas developed beginning in the 1930s:  

• In the Eloy area, there were some irrigation wells dating back to 1914, but these 

were abandoned due to prohibitive pumping costs. The area did not begin to be 

irrigated with groundwater until 1936-1937, as a result of the combination of high 

cotton prices, and the availability of cheap electricity with which to power 
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groundwater pumps.  As shown in the figure 3.1., 1.2 million AF were pumped 

that year in the Pinal AMA.  

• In the Maricopa-Stanfield area, irrigation began in 1920. By 1935 about 12 wells, 

2000 ac. By 1941, there were 85 wells irrigating 25,000 acres and by 1963 this 

had increased to 500 wells and 100,000 acres. 

• In the Casa Grande – Florence area there were 80 wells in 1939, nearly 300 in 

1942, and more than 500 by 1963. 

 

In 1966, Harshbarger (1966, p. 22-23) noted that this rapid groundwater development had 

already begun to cause serious physical impacts on the surrounding land:  

Little ground water was pumped in the lower Santa Cruz basin before 
1924. The phenomenal expansion of ground-water pumping for 
irrigation after World War II has caused cumulative decline of water 
levels in the Santa Cruz basin. The current decline is rapid and in some 
places has extended to the flanking mountain slopes. The central valley 
floor is sinking because the dewatered land tends to shrink. Long earth 
cracks have developed near the mountain flanks.” “Even before the 
underground storage supply is exhausted, the high lift necessary may 
increase the cost to uneconomical levels (Harshbarger 1966, p. 22-23). 

 

 

 

 

 

 

 

 



	 60	

Figure 2.1. The rapid increase in groundwater pumping and corresponding drop in 
regional water table between the 1930s and 1960s in the Salt River Valley, the area that 
would later comprise the Phoenix Active Management Area. Adapted from Harshbarger 
et al. (1966, p. 34). 

 

 

2.3.2. Early groundwater development in the San Antonio region.  

Due to the existence of artesian springs from the Edwards Aquifer underlying 

much of the region (Brune, 1981), the area currently recognized as metro San Antonio 

has a rich history of acequia development and usage dating back to the 18th century 

Spanish colonial settlers (Porter Jr 2009).  Water managed under the acequias was owned 

the Coconino Sandstone in areas where faults and other frac- 
tures provide avenues for replenishment from precipitation. Per- 
meable volcanic rocks, which form a large part of the land 
surface around Flagstaff, locally supply much water. Water 
from the surface moves freely through the volcanic rocks and 
recharges underlying beds.

A few valleys in the mountains contain alluvium, which is 
silt, sand, gravel, or similar material deposited by running water. 
Alluvial deposits are capable of storing ground water. Though 
these valleys extend for many miles, the alluvial deposits are 
shallow, and they do not contain as much water in storage as do 
basins to the south.
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by the Spanish monarchy and not the individuals who used it.  During 18th century less 

than 2,000 people were living in San Antonio. (Porter 2009, p.  79).   

There were at least five flowing springs in the San Antonio River valley when the 

Spanish decided to settle there; the San Antonio spring – also known as Blue Hole – 

being the source of the river (Porter, 2009, p. 10). The first irrigation ditch was 

constructed as far back as 1719. Diverted spring water once it was above the surface and 

in its natural channel, and guided through ditch system down gradient to irrigate land 

parcels. The city relied on an Acequia system for its water supply for many years. 

Starting in 1821, ownership was transferred to the new Republic of Mexico. After 

the Mexican Revolution and two cholera epidemics, the frontier outpost community was 

in serious decline by the start of the Texas Revolution in 1836 (Porter, 2009). However, 

because of its strategic location, it became a site of military buildup during the Mexican 

War, and by the beginning of the Civil War was the largest city in Texas with a 

population of 8,000.   

In 1877 the San Antonio Water Company contract with the city was approved. 

The company developed the city’s first municipal artesian well in 1888; water reportedly 

shot 15-20 feet out of the ground and was capable of producing 3 million gallons a day 

(Porter, 2009, p. 115). 6 more wells were drilled and by 1900 the city was totally 

dependent on groundwater (Porter, 2009. p. 121). By then there were over 50,000 people 

in the city. 

Well drilling proliferated, seriously diminishing the recharge to the aquifers, 

eventually to the point that the San Antonio River would no longer flow during droughts 

and other springs dried up, sometimes for years (Porter, 2009). This all occurred before 
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the East case was decided in 1904. “By 1920 more than 150 deep wells had been drilled 

into the Edwards Aquifer in Bexar County alone and were pumping feverishly” (Porter 

2009, p. 123) 

It is helpful to place water use for irrigation in the study region within the larger 

historical context of irrigation development in the state. Figure 2.2 shows the change over 

time in the amount of irrigated land in Texas. In 1909 – just five years after the East 

decision – only about 450,000  acres of land was being irrigated and by 1929 there was a 

relatively modest increase of about 143,000 acres. From 1929 to 1949, irrigated acres in 

the state leaped from just under 600,000 to over 3 million. As in Arizona, a meteoric 

increase in irrigated agriculture began during the 1940s, escalating rapidly in the post-war 

period before hitting an all-time peak in the mid 1970’s. Remarkably, most of the 

increase in irrigated acres between 1929 and 1949 – 2.2 million acres – occurred during 

just the ten years between 1939 and 1949 (calculated from TWDB, 2001).  In Texas this 

increase was primarily driven by the agricultural development of the High Plains region, 

facilitated by the adoption of new pumping technology allowing farmers to withdraw 

huge volumes of groundwater from the previously inaccessible Ogallala Aquifer 

(Colaizzi et al., 2009; Opie, 2000). Irrigation development in the High Plains far 

outpaced the study area during this period. By 1958, the six-county agglomeration 

encompassing the study area (Bexar, Comal, Hays, Kendall, Medina, and Uvalde 

counties) (see Figures 1.4 and 1.5) combined contained just 56,333 acres in irrigated 

agriculture, while there were already 4.5 million acres in the High Plains.  
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Figure 2.2. Irrigation development in Texas. A major uptick begins in the late 1930s with 
the development of the Ogallala Aquifer in the High Plains. Source: Texas Water 
Development Board. 

 

 

2.4. Arizona adopts a new water code.  

Arizona’s first attempt at rewriting its groundwater code to address the problems 

generated by the rapid increase in irrigation was the Ground Water Act of 1945. It was 

passed as a result of the Bureau of Reclamation’s reluctance to approve the Central 

Arizona Project if Arizona did not act to address its groundwater depletion problem 

(Mann, 1963, p. 49) (a situation that would be repeated years later during the Carter 

administration).  The main objective of the 1945 Act was to collect data on groundwater 

pumping by requiring well operators to report various information about their wells and 

the amount of groundwater pumped, in order to clarify the extent and severity of 
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overdrafting. The Act did nothing to slow down the increasing amount of land being 

brought into irrigation during the post-war period.  

Between 1945-1948 there were several proposals in the legislature for more 

substantially amending the groundwater code, several of which would have taken all or 

most groundwater out of the private domain and converted it to public ownership, as 

surface water was (Mann, 1963, p. 50). Governor Sidney Osborn was determined to get a 

bill passed and called three special legislative sessions in 1948 to get it done. The result 

was the Ground Water Act of 1948, which “everyone admitted was a stop-gap measure” 

to merely slow down the expansion of irrigated agriculture without addressing existing 

pumping (Mann, 1963 p. 51-52). The main provision of the Act was to grant the state 

land commissioner the power to designate “critical ground-water areas” (defined as 

ground-water basins without enough water “to provide a reasonably safe supply for 

irrigation of the cultivated lands in the basin at the then current rates of withdrawal”) 

(Mann, 1963, p. 52). Once designated, the commissioner could deny the installation of 

new irrigation wells.  

The 1948 Act was extremely weak because, due to significant opposition in the 

legislature, it allowed groundwater to remain privately owned and placed no restrictions 

at all the irrigation of land that had been cultivated during the 5 years prior to the date of 

the Act, (June 24, 1948) (Dunbar 1977, Mann 1963, p. 53). There was also a rapid 

increase in well drilling notifications right up until the Act went into effect due to 

landowners trying to get in before their area was designated as critical and closed off to 

new wells. The overall effect of the 1948 Act was merely to lessen somewhat the extent 

to which the overdraft problem increased in severity. Yet even this modest restriction 
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generated opposition on the grounds that it was an unconstitutional use of the state’s 

police power to restrict the use of private property, and several other constitutional 

grounds (Mann, 1963, p. 55).  

 These issues of ownership were raised soon after the 1948 Act as groundwater 

pumping escalated and disputes arose. The earlier common law rules survived largely 

intact all the way up to the passage of the Groundwater Management Act in 1980, except 

for a brief period between Bristor v. Cheatham (Bristor I) (1952)17 and Bristor II (1953) 

when prior appropriation was temporarily adopted (Dunbar, 1977; Ashley and Smith 

1999, p. 191-192).  In Bristor I the Arizona Supreme Court had declared groundwater to 

be public property subject to prior appropriation according to the federal Desert Land Act 

of 1877, an unsurprisingly highly controversial decision among the major groundwater 

users, primarily agriculture (Dunbar, 1977), which brought about “predicitons [sic] of 

doom, economic havoc in the state, and possible harm to some members of the court” 

(Goodman, 1978, p. 209).  The Bristor II court reversed the previous decision, reverting 

groundwater back to individual ownership, but also adopting the rule of reasonable use or 

American rule, which modifies the rule of capture by requiring that pumping be 

“reasonable” and appurtenant to the land from which it is pumped (Sax et al 2006, p. 

415).  

Looking back from 1963, Dean Mann (1963, p. 43) summarized these initial 

attempts at creating a legal system to govern groundwater in Arizona as follows: “The 

period from 1948 through 1955 in particular witnessed a considerable amount of 

legislative and judicial activity in [the field of groundwater law] without solving the basic 

                                                
 
17 See Dunbar (1977) for summary of the case. 
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issues that confront the state.” The dissent in Bristor II is interesting here, written by 

justices Phelps and Udall, who argued that the Congressional Desert Land Act of 1877 

made it clear that ALL water, whether underground or not, was public. They felt that it 

would be destructive to rule that groundwater was a private property right:  

 

The magnitude of the regulatory task ahead becomes more apparent 
when it is realized that three-fourths of the irrigated crops grown in 
Arizona last year were produced from pumped waters. And it becomes 
even more appalling when we consider that the volume of underground 
waters being annually withdrawn is many times greater than the 
recharge. We predict that the mad race to ′′mine′′ percolating waters 
which are our greatest natural resource will continue unabated until such 
time as these waters are declared to be public in character and suitable 
regulatory measures are adopted. We are confident that the inexorable 
judgment of time will confirm the views expressed in the original 
majority opinion and in this dissent. 

 

The adoption of reasonable use begat a new line of cases that centered around the 

exact nature of the requirement that groundwater be subject to appurtenancy restrictions, 

eventually leading to the development of the 1980 Groundwater Management Act. After 

Bristor II, the courts dealt with defining the exact strictures of the appurtenancy rule.  In 

1976, the court in Farmers Investment Co. v. Bettwy (1976) (hereafter FICO) adopted a 

strict interpretation, to the consternation of the defendants (mining companies and the 

City of Tucson) because they were each pumping and transporting groundwater.  Because 

a strict appurtenancy rule was thought by the cities and mines to pose a major barrier to 

economic growth, momentum mounted towards the development of a new groundwater 

code.  In addition to the FICO case, a second impetus was the (second) threat from the 

Department of Interior to kill funding for the Central Arizona Project canal, long sought 
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by Arizona’s major political economic interests as the lifeline for the state’s future 

growth.  

The important point in relation to the foregoing discussion is that tension over 

whether the common law groundwater rules adopted back in 1904 should be abolished or 

not. Proponents of shifting “percolating” groundwater into the public domain were 

defeated in the legislature by the political economic interest groups who were wedded to 

the concept of the unrestrained use of groundwater as private property right and 

categorically opposed the creation of any groundwater code that would alter that right. 

The political opposition to making groundwater a public resource so that it could be 

regulated and controlled like surface water was insurmountable unless and until Arizona 

changed it through an act of the legislature, which did not happen until 1980, and even 

then only for certain parts of the state.  

 

2.5. Texas adopts a new groundwater code 

It was in the context of this breathtaking post-Dust Bowl, postwar escalation in 

groundwater pumping (to utilize cheap electricity, new pumping technology, and 

plentiful groundwater to take advantage of the cotton boom that was simultaneously 

driving groundwater pumping in Central Arizona), plus the early stages of what would 

become the “drought of record” in the state that the Texas legislature made its first 

attempt to facilitate the regulation and management of groundwater pumping.  

During the period of rapid irrigation development in the High Plains in the late 

1930s and 1940s, momentum developed towards the passage of comprehensive 

groundwater legislation. Based on new studies from federal agencies in the 1930s, the 
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Texas Board of Engineers in a 1934 report called for the state legislature to “declare the 

underground water of the State the property of the State,” concluding “there is no reason 

why underground water should not be subject to the same control as surface water” 

(Green 1973, p. 172). This position was echoed by two major federal post-Dust Bowl 

study committees and again by the Board of Engineers in 1938. Unsuccessful attempts to 

pass comprehensive groundwater legislation were made in 1937, 1941, and 1947 (Green, 

1973).  

The basis for these attempts at groundwater legislation was the 1917 Conservation 

Amendment to the Texas Constitution (article 16, section 59), which had been passed 

following droughts in 1910 and 1917 (Hardberger, 2014). The Conservation Amendment 

had spelled out the state’s authority and duty to conserve “all natural resources of this 

State” (Tex. Const. art. XVI, § 59(a)), thus providing a constitutional basis for using the 

state police power to limit groundwater pumping despite the common law of private 

ownership established earlier in East and making future groundwater regulation the 

responsibility of the Legislature rather than the courts (Johnson, 2014).   

The movement for groundwater conservation gained steam during the late 1940s 

due to falling water levels in some parts of the state and legislation was supported by 

some urban interests in the High Plains, including the Lubbock Chamber of Commerce. 

By 1946 High Plains farmers were aware that new legislation was imminent and they 

organized the High Plains Water Conservation and Users Association (HPWCUA) to 

successfully defeat it when it was introduced the next year (Green, 1973). But municipal 

and industrial interests in the High Plains remained highly concerned about declining 

groundwater supplies and the possibly imminent collapse of the irrigation economy. 



	 69	

Industrial and conservation groups again developed groundwater legislation for the 1949 

legislative session. The Texas Water Conservation Association drafted a bill that would 

have converted groundwater from absolute ownership to a correlative rights system, 

required groundwater permits granted by the state engineer, and established a priority 

system in which irrigators’ water needs were subjugated to those of municipal and 

manufacturing (Green, 1973).   

High Plains irrigators were predictably incensed. Recognizing the inevitability of 

some kind of statewide groundwater regulation, and out of concern about state and 

possibly even federal intervention in regional water management, High Plains 

agricultural interests sought to shape groundwater legislation according to their 

preferences (Brooks and Emel, 2000). According to Green (1973, p. 176), one prominent 

historian and cattleman wrote at the time: “Let us have a simple bill, providing for locally 

controlled district, empowered to impose their own restrictions, and guaranteeing to the 

owners the rights embodied in the American Constitution. This socialistic stuff has gone 

far enough” (Green 1973, p. 176). The attorney who drew up the counter-bill for the 

HPWCUA said that “an ideal law would work out in a manner that no limitations on 

withdrawals of ground water would ever be necessary” (Green 1973, p. 176).  

The TWCA and HPWCUA met during summer and fall 1948 to develop a 

compromise bill but the end result was a compromise in name only. One of the 

HPWCUA representatives involved in the negotiations remarked afterwards that “[w]e 

wrote our own ticket.” (Green 1973, p. 177). According to Green (1973, p. 189) they 

supported the legislation “because it promised to be an effective means for preventing 

rather than establishing a system of ground-water conservation” (emphasis mine).  
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As a result of the HPWCUA’s successful steamrolling of the TWCA, in the early 

phase of what would prove to be the worst drought in the recorded history of Texas, in 

1949 the 51st Congress passed HB 162 (also known as Texas Groundwater Act (TGA) or 

the Holt Bill after its author, I.B. Holt), “In order to provide for the conservation, 

preservation, protection, recharging, and prevention of waste of groundwater, and of 

groundwater reservoirs or their subdivisions, and to control subsidence caused by 

withdrawal of water from those groundwater reservoirs or their subdivisions.“ (Texas 

Water Code, Sec. 36.0015.). In passing this law, Texas became just the ninth U.S. state 

with a groundwater conservation law (Green, 1973, p. 170).   

Rather than create a central agency to achieve these goals throughout the entire 

state, and in accordance with the preferences of the agricultural interests represented by 

the HPWCUA, the TGA established a voluntary decentralized governance system of 

local/regional districts based mainly on county boundaries. It left the rule of 

capture/absolute ownership intact. Texas has hewed to this basic model ever since.  

The statutes listing the basic powers and duties for Groundwater districts are in 

Title 2, Chapter 36 of the Texas Water Code.18 Districts are highly variable with respect 

to the combination of rules in the authorizing statutes and those adopted by the districts 

once created. The specific sets of rules that structure the Cow Creek and Trinity Glen 

Rose GCDs will be examined in detail in subsequent chapters; here, I point out the basic 

                                                
 
18 The purpose, as stated in Texas Water Code §.36.0015: “In order to provide for the conservation, 
preservation, protection, recharging, and prevention of waste of groundwater, and of groundwater 
reservoirs or their subdivisions, and to control subsidence caused by withdrawal of water from those 
groundwater reservoirs or their subdivisions, consistent with the objectives of Section 59, Article XVI, 
Texas Constitution, groundwater conservation districts may be created as provided by this chapter. 
Groundwater conservation districts created as provided by this chapter are the state’s preferred method of 
groundwater management through rules developed, adopted, and promulgated by a district in accordance 
with the provisions of this chapter.” 
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elements that Chapter 36 provides for all districts. In other words, Chapter 36 is the 

standard GCD institutional blueprint, which can be modified in particular ways in a given 

district’s authorizing legislation. 

As described in Chapter 36, there are currently three ways to create a GCD: (1) an 

act of legislature (2) a petition adopted by landowners and filed and approved by the 

Texas Commission on Environmental Quality (TCEQ), and (3) TCEQ may force the 

creation of a district within areas it designates as Priority Groundwater Management 

Areas (described below) if local efforts have failed to create one after 2 years of the 

initial designation. Method (1) is the most common (Kaiser, 2011). There are also means 

for annexing to an existing district via petition (36.321-.331). 

Each district is governed by a board of directors of between 5 and 11 members 

who are locally elected and serve 4-year terms (Sec. 36.051). These boards of directors 

are tasked with making decisions about pumping permits and the approval of new GCD 

rules. GCDs have sets of mandatory and optional duties. Mandatory responsibilities 

include: Creating and implementing groundwater management plans; setting management 

goals; registering non-exempt wells19 and administering permits; maintaining data on 

wells and groundwater usage; and holding regular meetings open to the public (Kaiser  

2011, p. 34, and Texas Water Code Chapter 36). They are not required to do the 

following, but are empowered to: regulate well spacing and pumping; set rules to 

conserve water, maintain its quality, and prevent waste; buy, sell, transport, and distribute 

                                                
 
19 Exempt wells are defined by statute as those with a maximum pumping capability of 25,000 gallons per 
day. 
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surface and groundwater; require export permits and establish and collect fees for 

transportation of groundwater out of the district (Kaiser, 2011, p. 34, and Chapter 36).   

As Porter (2009, p. 131) states, the TGA was the Texas legislature’s “first attempt 

to find a way to regulate groundwater use, which they hoped would indirectly offset the 

rule of capture”. The TGA granted authority to local representatives to take some basic 

measures to conserve groundwater without modifying the common law rule of capture / 

absolute ownership allocation system which was the sacred cow of the agricultural sector 

(no pun intended).   

Brooks and Emel (2000) understand the TGA as a defense against state 

intervention by high plains farming interests.  More specifically, the adoption of a 

decentralized model was a defense of what they perceived to be private, individual 

groundwater rights20. Their interpretation is consistent with the account related to me by 

one expert, who explained the politics behind the 1949 bill as follows: 

“…in a nutshell, after the Dust Bowl there was concern by certain 
municipalities out in West Texas about increasing agricultural use of the 
Ogallala Aquifer and so they got concerned to where they were pushing 
the Texas legislature to assume control of the regulation of groundwater. 
Meanwhile, the farmers created a producers group to fight against that 
and that…those fights occurred through subsequent sessions and it 
wasn’t until 1949 that the legislature allowed the creation of groundwater 
districts and it was a compromise bill that you could argue strongly 
favored the producers. It allowed district formation to be voluntary, at 
least initially, and locally controlled. And eventually they formed a 
district out there and the rallying cry was to prevent state control they 

                                                
 
20 I say “perceived,” because (and as affirmed in Chapter 36 above) the common law rule of capture / 
absolute ownership provides no right to a specific amount of water, nor does it provide security for 
anyone’s right of access to water. In other words, a landowner’s neighbor could still have their wells 
completely dried up with no recourse, in which case one’s private “property” in groundwater would turn 
out to be illusory. The statutory authority granted to local districts by the 1949 Act to regulate well spacing 
and limit pumping would in theory allow districts to address such negative externalities without having to 
modify the common law. 
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needed to form a locally controlled district. So arguably groundwater 
district creation in Texas was about preventing state control.” 
[Interviewee 5, personal communication, 2014] 

 
As the above quote notes, the 1949 TGA made the creation of groundwater 

districts largely voluntary.  On the one hand, this made some sense given that Texas is a 

huge place and in much of it there was little or no real pressure on groundwater 

resources, thus many parts of the state did not need a management entity. On the other 

hand, even in areas where pressure on groundwater was serious, the decision of whether 

or not to form a district was still left up to the politics of the local community, who would 

be well within their rights to simply allow groundwater depletion to continue unabated 

(though such a decision would be not exactly in the spirit of the Conservation 

Amendment). The Texas Commission on Environmental Quality has statutory authority 

to impose GCDs within priority groundwater management areas, but has yet to do so for 

political reasons.  

Unsurprisingly, only a few districts were formed during the first few years 

following the TGA (Figure 2.3 and Table 2.1). The first GCD was created in 1951, and 

was immediately challenged by many grumpy farmers over the issue of tax assessment 

(Brooks and Emel, 2000). Once the drought of record ended in the late 1950’s there was a 

protracted lull in district formation until the next major drought during the early to mid 

1980’s (Figure 2.3). Of the first 6 GCDs created, 3 were in the High Plains / Panhandle 

region where the Ogallala aquifer was being rapidly depleted and where there was 

enough local/regional support among irrigators for having districts (Table 2.1).  
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Figure 2.3. Formation of Groundwater Conservation Districts by decade 

 

 

The Edwards Underground Water District (EUWD) was the only GCD created in 

the case study area between 1950-1980. It was formed in 1959 four years after the Texas 

Supreme Court’s stated in Board of Water Engineers of the State of Texas v. City of San 

Antonio (1955) that the City of San Antonio “…is faced with a serious water-supply 

problem by reason of a large and rapid increase in population and water consumption 

within and around its corporate limits, coupled with a serious fall in its potential 

underground water supply.”  
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Table 2.1. Texas Groundwater Districts created between 1950-1980. 
Groundwater Conservation 

District 
Date 

Created Region Primary Aquifer(s) 

High Plains UWCD No. 1 9/29/1951 High Plains Ogallala 
North Plains GCD 1/2/1955 High Plains Ogallala 
Panhandle GCD 1/21/1956 High Plains Ogallala 
Hudspeth County UWCD No. 1 10/5/1957 West Texas / 

Trans-Pecos 
Bone Spring – 
Victorio Peak 

Edwards UWCD* 5/12/1959 Central Texas Edwards (Balcones 
Fault Zone) 

Real-Edwards Conservation and 
Reclamation District 

5/30/1959 Edwards Plateau Edwards-Trinity 
(Plateau); Trinity 

Evergreen UWCD** 8/30/1965 Rio Grande Plain Carrizo-Wilcox 
Plateau UWC and Supply District 3/4/1974 Edwards Plateau Edwards-Trinity 

(Plateau) 
Note: UWCD: Underground Water Conservation District. GCD: Groundwater 
Conservation District. These semantic differences do not denote different kinds of 
organizations.  
* Later dissolved and replaced with the Edwards Aquifer Authority in 1996 
** Evergreen UWCD originally consisted of two counties, Atascosa and Wilson. Frio and 
Karnes Counties were appended in 1985 and 1997, respectively (Evergreen Underground 
Water Conservation District, n.d.) 
 

However, it lacked regulatory authority and the EUWD was later dissolved 

decades later and replaced with the Edwards Aquifer Authority in part for that reason. As 

discussed in chapter 4, there remains an uneasy and problematic tension between their 

obligation and authority to conserve the state’s groundwater resource by regulating 

pumping on the one hand, and the individual property rights of groundwater users within 

their jurisdictions on the other hand. Unsurprisingly, this problem has only grown more 

complicated as groundwater demands have increased over time in the region. Here I 

simply wish to point out that the roots of this tension are in the 1949 TGA.  
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2.6. Conclusion 

The particular institutional forms of these initial attempts in Arizona and Texas to 

facilitate some form of management of groundwater resources were articulations of the 

prevailing political interests in the late 1940s. At that time, the farming and ranching 

sector was still the most powerful compared to manufacturing and municipal users in 

both states. In both states, irrigators had benefited greatly from the virtually open access 

situation facilitated by the courts’ adopting of absolute ownership doctrines, and when 

the state attempted to intervene on behalf of the public good, they sought (successfully) 

to maintain the status quo. Because the Congressional representatives from agricultural 

areas held the most power, neither the 1949 TGA nor the 1948 Arizona Water Code made 

any meaningful modifications to the common law groundwater rights and duties. In the 

case of Texas, if any constraints were to be created, they would be adopted voluntarily by 

a locally elected district and not imposed by bureaucrats sitting in an office in Austin. 

Even the authority of the first voluntary district was opposed by some local landowners 

on the basis of its power to levy taxes in order to fund itself (Brooks and Emel 2000). The 

Arizona water code did little more than slow down the rate of overdraft by using the 

police power to deny new wells in certain areas, and even that modest restriction was 

attacked in court by agricultural interests on constitutional grounds.  

In other words, the Arizona water code of 1948 and the TGA of 1949 are both 

expressions largely of a desire among the powerful political economic interests in the 

state to maintain the status quo that they had benefited so greatly from. In both cases, it 

was the farming community who wished to continue freely using groundwater. The 

common law was the institutional tool that had facilitated that freedom, and modifying it 
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or create limits through state regulations would mean the ag lobby would have failed to 

act in their own narrow interests.  

Writing in 1999, C. Richard Bath (1999, p. 122) accurately observed:  

Texas water law reflects historical use and the power of those who need 
water the most, i.e., farmers and ranchers. Basically, Texas water law has 
reflected the rural dominance of the state legislature for most of the 
state’s history and that state law has protected the water rights of farmers 
and ranchers. It was not until the redistricting of legislative seats 
resulting from court decisions in the 1960s that Texas finally began to 
see urban interests predominate in the state legislature. In the case of 
water, it was not until the 1980s that urban legislators finally began to 
seriously reconsider Texas water law and policy from other than 
agriculture or livestock use. 

 

As Bath indicates, during the second half of the 20th century, the balance of power 

in both states changed significantly, and it was only after several decades of steadily 

increasing urban power that a change as major as the 1980 Groundwater Management 

Act could happen, and take the particular form that it did. Change in groundwater 

management and policy in Texas has been more incremental and modest compared to 

Arizona. However, changes in the 1960s voting rights rules (Bath, 1999) combined with 

the overall urbanization of the state has had a significant effect on the politics of water in 

the state, and as I will show, has in turn finally increased and complicated the role that 

the state’s groundwater districts play compared to most of the second half of the 20th 

century.  
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Figure 2.4. Chronology of key groundwater events in Arizona (center column) and Texas 
(right column). 
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600,000	irrigated	acres	in	the	
state	of	Texas
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Chapter 3: Development of Arizona and Texas groundwater institutions, 1960-
present 

 
 

3.1. Introduction 
 

In this chapter I describe and compare institutional development for groundwater 

governance in Arizona and Texas during the second half of the 20th century.  The key 

events are the formation of the basic provisions of the 1980 Arizona Groundwater 

Management Act and the incremental development of Texas’ increasingly regionalized 

groundwater governance model.  Arizona’s key developments come in the late 1970s, 

while Texas does not substantially alter its model until the 1990s and early 2000s. I show 

that both states face the same fundamental governance questions but answer them 

differently resulting in two different governance models. The differences form the basis 

for comparison in the rest of the dissertation. In particular, both states wrestle with 

whether effective groundwater management is possible without replacing or heavily 

modifying common law groundwater right doctrines.  

Section 1 is the present introduction. In Section 2 I focus especially on the most 

salient elements of the design of the 1980 Arizona Groundwater Management Act 

(AGMA) and the reasons particular institutional arrangements were discussed by the 

Groundwater Management Study Commission and even recommended, but ultimately 

jettisoned: (1) the rejection of a local/decentralized governance model and (2) rejection of 

a market-based model of transferable quantified groundwater rights. Besides providing 

the necessary historical context for understanding groundwater governance in Phoenix, 

these two attributes are instructive for the comparison to Texas because the San Antonio 

metro region includes both local groundwater districts and a groundwater market. It is 
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during 1978-1980 that clear differences begin to emerge between the Arizona and Texas 

approaches to groundwater governance.  

In Section 3 I focus on the important legislative developments that facilitate the 

complex patchwork of different groundwater management entities in the San Antonio / 

Hill Country region. Section 4 is the conclusion. A timeline summarizing the events 

discussed in this chapter is presented at the end. 

 

3.2.  The Development of the 1980 Arizona Groundwater Management Act 

Sources 

In this section I rely primarily on historical accounts written just after the passage 

of the AGMA by John Kyl (1981), who at the time was an attorney representing the Salt 

River Project (agricultural interests) directly involved in the negotiations of the AGMA, 

and by attorney Desmond Connall (1982) who conducted interviews with several 

individuals involved in the negotiations. I also draw from Connall’s unpublished full 

interview with former governor Bruce Babbitt, accessed at the Arizona state archives, as 

well as the archives of the Arizona Groundwater Management Study Commission 

(GMSC), especially the 1979 Draft Report and 1980 Concepts for Agreement report. 

 

Groundwater development in Central Arizona after 1950 

In 1963, ten years after a failed attempt to reform the 1948 Water Code, a USGS 

report openly stated that Arizona had a “grave” water problem, citing overdraft of 

approximately 3 million AF per year (McGuinness, 1963, p. 162). At that time, 2 million 

AF of surface water was being used and 4.6 million AF of groundwater; 90% of all water 



	 82	

use in the state was for irrigation (University of Arizona, p. 2-4). By 1963, the Salt River 

Valley region around Phoenix had the most intense groundwater pumping of any region 

in the state in terms of total volume, followed by Pinal County to the south (Figure 3.1.). 

Chasing declining water tables resulting from the rapid groundwater depletion generated 

increased pumping costs, to the extent that in 1964 “approximately 20 percent of the land 

that has been under cultivation is out of production for reasons mostly connected with the 

cost or availability of water,” incurring a loss of $50 million in income and 20,000 jobs 

(University of Arizona, 1964, p. 3). A report of the Fourth Town Hall at the University of 

Arizona in 1964, (1964, p. iii) described it this way: 

The situation with respect to groundwater shortage and depletion is 
critical and growing worse in most sections of Arizona; exceptions exist, 
such as in the Yuma area, which are created by strictly local conditions. 
As a general rule the present supply is inadequate to meet existing 
demand, resulting in severe overdrafts against the underground 
reservoirs. The areas of most serious depletion are in Maricopa, Pima 
and Pinal Counties. It should be borne in mind, however, that in other 
areas normal growth is inhibited by inadequate original supply. Due to 
serious depletion and the economic considerations resulting therefrom, 
320,000 acres in the Central Arizona Project area have been taken out of 
production. 

 

Between the failed attempt at reforming the 1948 Code in 1953 and 1976, overdraft 

had escalated to 3 million AF per year (Dunbar, 1977), illustrating just how weak the law 

was. For thirty years after the 1948 Code, the legislature did not act to meaningfully 

address the overdraft problem. However, one particularly important change occurred 

during these intervening years: urban growth.  By 1970, there were 6 times as many 

people living in Maricopa County as there were in 1930 (U.S. Census Bureau, 2016). 

Between 1950-1960, the population of Maricopa County doubled, and between 1950 and 
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1980 it increased from about 332,000 people to over 1.5 million (U.S. Census Bureau, 

2016)21. 

This explosive post-war growth in Phoenix was driven largely by Cold War 

manufacturing. Manufacturing jobs in the state increased by almost 200% between 1950-

1960 and 70% of the manufacturing plants were in Phoenix (Sheridan 1995, p. 278-280).  

Manufacturing’s relative contribution to the state economy came to dwarf the agricultural 

industry’s. The comfort of air conditioning made desert life more attractive to 

newcomers, and a “new society” “based on high-tech industry, real estate speculation, 

and [Federal Housing Administration] loans” emerged (Sheridan 1995, p. 281). So, by 

the time the major economic interests began to negotiate groundwater policy reforms at 

the end of the 1970s, cities – along with the mines, which had also increased in 

importance – had significantly more political clout in the Congress than when the first 

Water Code was created in the late 1940s.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
 
21  http://www.census.gov/prod/www/decennial.html  
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Figure 3.1. Reproduced from Harshbarger et al (1966), shows that irrigators in the 
present-day Phoenix metroplex were pumping 2 million AF of groundwater in 1963, even 
though there was a supply of surface water from the Salt River.  

 

 

1977 Amendments to the 1948 Arizona Groundwater Code 

 The legislature was finally shocked out of its 30-year doldrums by a series of 

controversial court decisions related to the transportation of groundwater which created 

After World War II the amount of ground water used for irri- 
gation increased tremendously. In 1949 about 3.25 million acre- 
feet of ground water was used for agricultural purposes. This 
increased gradually to a peak of nearly 4.75 million acre-feet in 
1953, then dropped off slightly from 1953 to 1963. About 4.5 
million acre-feet was used for irrigation in 1963. The increase 
in irrigation with ground water is illustrated in figure 20. Figure 
21 shows the main agricultural areas in Arizona and how much

___ EXPLANATION

H 2,000,000 ACRE-FEET """
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Figure 21. Ground-water pumpage for irrigation, 1963.
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the momentum that led to the passage of the 1977 amendments to the 1948 water code 

and the 1980 Groundwater Management Act (Kyl, 1981; Connall, 1982).  

According to the reasonable use doctrine22, groundwater use is subject to an 

appurtenancy restriction; groundwater must be used on the land from which it is pumped. 

Although reasonable use allows for a huge amount of water usage, it does create 

something of an upper bound on withdrawals since there is only so much water that can 

practically be applied to a given parcel of land (as in the case of an irrigated farm). Later, 

however, the Arizona courts made allowances for cities to transfer groundwater away 

from the land from which it was pumped as long as it did not cause material injury to 

other landowners in the same groundwater basin (Jarvis v. State Land Dep't (1970)) 

(Goodman, 1978). In Jarvis III (1976)23, the Arizona Supreme Court allowed the City of 

Tucson to pump water from outside a critical groundwater area and transport it to the city 

as long as the amount was not greater than the consumptive use of the irrigation done 

prior to Tucson’s purchase and retirement of the land (Kyl, 1981).  This ruling effectively 

authorized the practice of “water ranching” to some extent but did not clarify a key 

definition: what exactly does “land” or “parcel” mean? Without a specific definition, 

there was no predictable rule for groundwater users to follow in order to determine just 

how far away from a well groundwater could be transported without becoming legally 

“unreasonable.”  

The issue was raised again in Farmers Investment Co. v. Bettwy (1976) (FICO).  In 

                                                
 
22 “If [groundwater] is diverted for the purpose of making reasonable use of the land from which it is taken, 
there is no liability incurred to an adjoining owner for a resulting damage” (Bristor v. Cheatham II (1953). 
23 The three Jarvis decisions are Jarvis v. State Land Dep't (1969) (Jarvis I); Jarvis v. State Land Dep't 
(1970) (Jarvis II); and Jarvis v. State Land Dep't (1976) (Jarvis III). 
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the case, the Anamax copper mine was attempting to pump water from inside the 

Sahuarita-Continental Critical Groundwater Area to its mining operations several miles 

outside of it. FICO owned several thousand acres of pecan orchards in the area which it 

irrigated with groundwater, and they sued to stop Anamax from constructing a well 

(Connall, 1982). The FICO court heard arguments about what constituted “reasonable” 

use vis-a-vis the appurtenancy restriction (Sax et al, 2006, p. 487).  Anamax argued for a 

definition that included all the land overlying the groundwater basin owned by the mine, 

which included the mill site, well site, and tailings ponds. FICO argued for a narrower 

definition which the court agreed with, concluding that “[w]ater may not be pumped from 

one parcel and transported to another just because both overlie the common source of 

supply if the plaintiff’s lands or wells upon his lands thereby suffer injury or damage” 

(FICO (1976)).  Yet, court had still not precisely defined what “the land from which the 

water is taken” actually meant (Connall, 1982).  

The court presumed injury to FICO since the well was inside the critical area and so 

denied the mine the ability to transport water to its operations. This, in effect, shut down 

copper mines and raised the hackles of the cities as well, because they were turning to 

water ranching to support their future urban growth based on the Jarvis decisions24. The 

FICO decision was intolerable for the mines and cities because it gave “a relative handful 

of farmers command of the state’s limited groundwater supplies, and a consequent 

stranglehold on the state’s economy” (Sax et al 2006, p. 487). Thus, the FICO case 

became the trigger event for the first major changes to the state’s groundwater code in 

                                                
 
24 Connall (1982 p. 317) notes the irony in the fact that FICO was actually transporting groundwater a 
greater distance away from its wells than some of the mines were. 
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about 30 years (Goodman 1978, Connall, 1982; Sax et al., 2006, p. 487).   

Political lines were drawn in the wake of FICO. Mines wanted to change the 

transportation restriction. The cities desired this too, but also wanted comprehensive 

groundwater management and conservation (Connall, 1982). Both the mines and cities 

were informally allied against agriculture, which desired to maintain the status quo.  The 

cities and mines wasted little time in pushing for legislative redress for the FICO 

outcome, and just one year after that decision the legislature passed the Groundwater Act 

of 1977. A prelude to the far more expansive 1980 AGMA, the 1977 Act was a somewhat 

hasty attempt to, among other things, lift the threat of legal injunctions preventing mines 

and cities from transporting groundwater away from the land from which it was pumped.  

 

Arizona Groundwater Management Study Commission 

 The 1977 Act was also a stopgap measure to clear a path for more comprehensive 

groundwater legislation by providing for the creation of a 25-member Groundwater 

Management Study Commission (GMSC). The commission consisted of: 14 legislators 

(seven from each house); 2 reps of each of the 3 principal water user classes (cities, 

mines, farms); 1 representative of the tribes; 1 for the electric utilities; and 3 members of 

the general public. 

 The 1977 Act spelled out an ambitious timetable for the GMSC to produce a 

groundwater reform bill, mandating a draft report by June 30, 1979, a final bill by 

December 31, 1979, and passage of legislation by Sept 7, 1981 (Connall, 1982). 

 In 1978 the GMSC did a crash course in groundwater law and policy, established 

goals, held workshops, conducted public information meetings, and hired Arizona Water 
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Commission to conduct several studies. One of its studies recommended a safe yield goal 

for the three most threatened basins: Salt River Valley (Phoenix area), Little Chino 

(Prescott), and Upper Santa Cruz (Tucson).  The way of getting to safe yield was simple: 

the purchase and retirement of farms, which the farmers liked but which cities and mines 

could not abide.  As Connall explains, the underlying disagreement was about the 

opposing philosophical views about the ownership of groundwater. Cities and mines 

thought groundwater should be a public resource like surface water was, while the 

farmers thought that groundwater was an individual private property right that could be 

bought and sold and could not be limited by the state without compensation according to 

the 5th Amendment of the Constitution. The cities and mines also thought it was 

fundamentally unfair for farmers to profit from the sale of their lands, which would 

undoubtedly increase in value, when they were the ones seen as having created the 

problem in the first place. (Connall, 1982). 

 1979 was spent deciding what the recommendations would be for comprehensive 

groundwater legislation. At a three-day meeting at an Arizona State University 

conference center in May 1979, the mines and cities flexed their political muscle by 

writing the commission’s Draft Report “[o]ver the objection of agriculture on every 

major issue” (Connall, 1982, p. 326). This signaled that the political power in the state 

had been rebalanced in favor of the cities and industry. 

In order to generate an absolute reduction in withdrawals, the GMSC’s 1979 Draft 

Report recommended the creation of local management entities with the power to limit 

pumping through pro rata reductions and other ways, including purchasing or 

condemning groundwater rights as a last resort (Connall 1982). There was a Minority 
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Report written by the agricultural delegates in which they voiced their disagreement with 

the vast majority of the majority’s report. The minority report’s main theme “…was that 

the majority proposed to confiscate farmers’ property without compensation” (Connall 

1982, p. 327). In the agriculture representatives’ views, any pro rata reductions would 

cause a regulatory taking without compensation. The majority’s preferred way of 

determining quantified rights (“average reasonable use”), was viewed by the minority as 

basically amounting to theft compared to what they believed they were actually fairly 

entitled to use. The agriculture interests wanted to limit water rights to only the existing 

users, and for the cities to have to buy farms in order to get more (Connall, 1982).  

 

The adoption and then rejection of a decentralized governance model 

 One of the GMSC’s major tasks was to study and recommend what form it would 

take, i.e. what kinds of institutional arrangements would structure the new governance 

system. Specifically, they had to discuss (a) whether to adopt a decentralized model, or 

vest regulatory power with a state agency, and (b) how to allocate groundwater pumping 

rights. Initially the GMSC recommended a system of local districts, with 4 different types 

to choose from, and with oversight from the state water agency.  Between the release of 

the GMSC’s Draft Report in July 1979 and Governor Babbitt’s “rump group” report in 

March 1980, the local approach had been thrown out and replaced with the system that 

currently exists today of Active Management Areas administered by the state water 

agency rather than locally elected representatives.  

 However, the local option was not a new idea in the late 1970s; in fact, the idea of 

decentralized, local-level groundwater management had a fairly long history in Arizona. 
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A local approach had been proposed by the Underground Water Commission based on the 

opinions of interested citizens at public hearings conducted during fall 1952 (Dunbar, 

1977, p. 22). Unlike the 1979 commission, the UWC was loaded with agricultural 

representatives. Per Dunbar (1977, p. 22):  

During September and October of 1952, the commission [24-member 
underground water commission formed by the Farmers Defense 
Association composed of 24 members from the ag community] held 
thirteen public hearings throughout Arizona, and these were attended by 
about 1,000 people. Of those who expressed their view, the majority 
favored some type of groundwater regulation. Cutbacks, they said, 
should be determined by local users in accordance with the 
correlative rights principle. In making their report, the members of 
the commission recommended legislation which would incorporate 
these opinions. 

 

The UWC recommended the adoption of the correlative rights principle as the basis 

for regulation, closing over-developed areas to new pumping, and the creation of water 

districts to locally determine necessary cutbacks, purchase water for municipal and 

industrial uses, and to establish a commission to administer the law (Mann 1963, p. 60).  

The UWC’s report was even converted into legislation in 1953 as SB 90, which 

would have “repealed the acts of 1945 and 1948 and substituted for them a 

comprehensive code based upon the regulation of the common law property right by 

police power. It provided for the registration of existing wells, the granting of permits for 

the drilling of new wells, and the designation of “closed ground-water areas” within 

which local water users could determine reductions in water use” (Dunbar 1977 p. 23).   

That package of reforms was in limbo until the state Supreme Court decided Bristor 

II (1953). In light of the court’s rejection of correlative rights in favor of reasonable use, 

SB 90 died in the House and instead a completely different and weaker Senate Bill, SB 
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135, was passed in 1954. It reapproved the 1948 Code and did not authorize any 

regulation of common law groundwater rights. The Governor (Pyle) allowed it to become 

law but refused to sign it in protest because it was so weak (Mann, 1963; Dunbar, 1977).  

Given this history of support for local management, it was not surprising that the 

GMSC favored it. They clearly stated in the majority report their philosophical preference 

for it (GMSC, 1979, p. III-1): 

The tentative recommendations on the administrative structure of 
groundwater management reflect the Commission’s philosophy that: A) 
groundwater management should be geared to the problems and 
conditions of individual groundwater basins; and, B) although the state 
should play an active role in motivating and guiding groundwater 
management, the primary responsibility for management should rest 
at the local level. 

 

Although the GMSC report stated that local management had “been tried 

unsuccessfully in several states”25 and that many of the GMSC members thought local 

management was equivalent to no management, they nevertheless adopted the view of 

the GMSC members who contended that “groundwater management should logically be 

carried out at the local level since effective groundwater management can only be 

achieved if local conditions and patterns of use are recognized” (GMSC 1979, p. III-10).  

 The GMSC even went further, sketching out a set of rules for creating local 

management entities as well as 4 different organizational forms that local citizens would 

be able to choose from when selecting how to govern their area. This was their stated 

rationale: 

                                                
 
25 The Commission did not specify which states it was referring to and there was no indication whether they 
were aware of the Texas approach or not. 
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True to its concern that groundwater management should be geared to 
the varying conditions in different localities, the Commission recognized 
that different forms of management entities may also be appropriate. The 
success of groundwater management on the local level will depend 
greatly on the relationships between existing water supplier 
organizations and the new AMAs. The form of management entity must 
be one that can work effectively within existing institutional 
arrangements, allow for efficient use of existing institutional resources, 
provide for representation of local water users, as well as assure that 
groundwater management is carried out (GMSC 1979, P. III-11).  

 

 The Governor would appoint a 5-member committee for each AMA to propose 

which one of the 4 possible organizational forms it felt was most appropriate. The 

committee members would all be residents of the AMA, with no more than 3 members of 

any one political party. The Governor would choose the members such that there would 

be a “broad representation of citizens” on the committee (GMSC, 1979, p. III-12). 

Following a period of public hearings to solicit community input, the committee would 

select an organizational form, which would then be approved or rejected by the residents 

of the AMA by popular vote. 

Management plans would be developed by the local entity, not by the state, 

though the state would provide an oversight role by reviewing and approving the local 

plans, retain the power to assume responsibility if a district is determined to be failing in 

its duties (GMSC, 1979, p. V-5). Here are the four possible management entities, briefly 

summarized: 

Option 1: Simply make an existing political subdivision the AMA boundary. The 

GMSC felt this was most appropriate in very homogeneous areas and likely would only 

be chosen in farming areas. Possible political subdivisions could be agricultural 

improvement districts, drainage districts, irrigation districts, and irrigation water delivery 
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districts. (GMSC, 1979, p. III-15) 

Option 2:  Create a new Groundwater Management District/Authority. This 

option would involve creating a new political entity with an elected board of directors 

and all the “rights, privileges, immunities and exemptions,” including taxation, that 

municipalities and other political subdivisions of the state were guaranteed by the 

Arizona Constitution (GMSC 1979, p. III-16). The question of representation on a district 

board was an important issue that was studied in detail by a GMSC sub-committee.  

Some felt a one person, one vote system would have denied representation to agricultural 

communities and allowed urban users to dominate, while others felt a governor-appointed 

board would not necessarily be accountable to the citizens of the AMA.   The GMSC 

finally recommended that some board members be elected at-large in the AMA based on 

population, plus one board member elected from each of the sub-areas of the AMA. This 

proposal would have created a sort of hybrid of geographical- and population-based 

representation. However, boards in AMAs with no sub-areas would be based on at-large 

elections only, which was strongly opposed by agricultural representatives who feared the 

loss of even minority representation and would thus be totally dominated by the cities.  

Option 3: Groundwater management through Joint Exercise of Powers Authority 

(JEPA). The Arizona statutes already provided for two or more agencies to contract 

together to “jointly exercise powers common to each of the agencies.” The JEPA option 

was created in recognition that in some areas there were already many different entities 

involved with water provision, and that allowing them to join together would provide for 

the amount of cooperation necessary to effectively manage groundwater in an AMA. 

Three JEPA types were offered as choices: (1) create an entirely new entity; (2) establish 
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a contract to share powers without creating a new management entity, but add a 

coordinating board; (3) the entities involved in the JEPA can together contract with one 

agency to do all of the management functions (GMSC, 1979, p. III-18 – III-20). 

Option 4. The citizens within an AMA were also allowed to opt out of creating a local 

entity altogether and instead defer management powers and responsibilities to the state 

water agency (GMSC, 1979, p. III-20). 

Taken together, this clever but complex 4-option model sketched out by the GMSC in 

its 1979 Draft Report amounted to an expansion of the earlier concept of local 

management. It sought to provide a workable means for facilitating cooperation and local 

democratic procedure without forcing a one-size-fits-all model onto every AMA.   

This approach (specifically “Option 2”) was totally unacceptable to the minority 

(GMSC, 1979b, p. 12): 

The Minority believes that large agriculture and large industrial users 
will have no representation in the affairs of a groundwater management 
district unless there is a means to appoint a representative of such large 
users to the board. Without that protection, it is foreseen that only urban 
interests will be represented. 

When it is a given that all reductions in underground pumping must 
come first from agriculture, and second, if any, from larger industrial 
users, to deny agriculture representation is a denial of the rights of 
men. The Majority has enacted a scheme for taking water from 
those who will not be represented on the management district board. 

The Minority believes that a new Groundwater Management 
District should not be formed in Maricopa, Pinal and Yuma 
counties. In these counties existing districts operate alongside and with 
federal irrigation projects managing water pursuant to district-federal 
relationships. These relationships are best maintained by a JEPA 
type entity. Moreover, the number of water managing entities in 
these three counties makes the JEPA the only rational choice.   

  

 However, the agricultural minority did not come out in categorical opposition to 
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local management per se; in fact, they voiced their agreement with “the idea of local 

control to the maximum extent possible” (GMSC, 1979b, p. 18). They also agreed with 

the majority’s recommendation that the state water agency should have oversight powers 

over any local entity26. In fact, the agreement that the state should set guidelines that 

would be enforced independently by local bodies was one of the few areas in the 1979 

Draft Report that everyone agreed on (Connall, 1982 p. 333). There was no wholesale 

break with the preference for local management that had existed previously among some 

of the ag community going back to at least the UWC’s public hearings in1952. Rather, 

the agriculture interests objected to the specific form of local governance recommended 

by the majority and its governance structure. They favored the creation of a JEPA entity 

(option 3) in Maricopa (later the Phoenix Active Management Area) instead of a new 

water authority with an elected board (option 2) because it would have allowed them to 

maintain more power to shape policy and management plans.  

After the Draft Report was released, negotiations were at a standstill. It was late 

September, soon after the release of the Draft Report, that the Secretary of the Interior 

Andrus sent a letter to Arizona Congressman Morris Udall stating that he would withhold 

funding for the CAP unless and until Arizona passed groundwater legislation (Connall, 

1982), a repeat of earlier (empty, in hindsight) threats to the same effect. No one wanted 

to jeopardize the CAP allocations, and a groundwater bill was absolutely necessary in 

1980 to avoid doing so. The governor participated in a last-ditch series of private 

                                                
 

26 “Since much of the local effort will put agriculture into a new working relationship with cities and 
industries, there must be some incentive to insure cooperation and progressive action by all the local 
parties. Additionally, the planning exercise must result in a workable plan and [Arizona Water Commission] 
may be required to point out deficiencies, particularly as CAP waters are involved.” (GMSC, 1979b, p. 18). 
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negotiations by a smaller version of the GMSC representing the big three interest groups 

(mines, cities, and agriculture) (the so-called “rump group”) to break the stalemate and 

develop a groundwater bill. A new set of provisions was released in their report 

“Concepts for Agreement Integrated Package” on March 6, 1980.   

The very first sentence of the Concepts for Agreement highlighted their rejection of 

the Draft Report’s recommendations for local management: 

Unlike the Groundwater Commission’s tentative recommendations 
which opted for the creation of local management entities, the Concepts 
for Agreement calls for State management of our groundwater resources. 
As proposed, all water management functions, except for water quality, 
would be centralized in one agency, the Department of Water Resources 
(GMSC, 1980, p. 1). 

 

Consistent with that view, the governance structure described in the Concepts for 

Agreement contains a substantially altered form of local management. The 4-option local 

governance model recommended by the 1979 Draft Report was scrapped in favor of one 

in which the powers of rule making and management plan development were taken away 

from the AMAs and given to the Director.  Compared to the GMSC’s 1979 report, it gives 

considerable power (on paper, at least) to the water agency director by power of 

appointing AMA directors and giving management plan development (and thus rule 

creation and enforcement such as mandatory conservation rules), it is significantly more 

centralized than the GMSC’s recommendation.  Governor Babbitt later said “The director 

is the czar. I tell [GMSC member Wes Steiner] frequently, “If I were really as power 

hungry as my political opponents allege, I would apply for water director. I would 

appoint myself water director and resign as governor (Babbitt, 1982, p. 6).” 

 As shown in the draft schematic (Figure 3.2) from the Concepts for Agreement 
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proposal: 

1. Local citizens are not allowed to determine the best organizational form of 

management for their particular AMA. There is no option for a JEPA arrangement (option 

3) or for using an existing political entity (option 1). 

2. Only one organizational/administrative form would be used for all AMAs. Each 

would have a deputy director appointed by the governor rather than voted in by the 

citizens of the AMA. This appointee would have the responsibility for developing 

management plans instead of an elected board, as in the earlier option 2.  

3. The governance role for the various local interest groups would be limited to an 

advisory one in the form of the Groundwater Users Advisory Councils (GUACs) for each 

AMA. GUAC members would also be appointed by the governor rather than elected.  

 Though all of the major interest groups had favored some kind of local 

governance, in the few months between the two reports a local model was jettisoned. 

Why? According to key individuals involved in the negotiations, a lack of trust between 

the cities, mines, and farming interests following the negotiations of 1979 resulted in an 

inability to devise a local system that everyone could live with. The ag interests had 

already made it clear that any groundwater management authority governed by an elected 

board based on one person, one vote elections on was a nonstarter. It is unclear why a 

model based on geographic representation via AMA sub-areas was not adopted. Perhaps 

the cities felt that option would have unfairly marginalized them27. Governor Babbitt 

explained the change (presumably in reference to option #2) this way in his interview 

with Desmond Connall (p. 7) (emphasis mine): 

                                                
 
27 As will be shown, this problem of representation will dog the Edwards Aquifer Authority for years. 
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Figure 3.2. Schematic of administrative architecture of the AGMA proposed by the 
Arizona Groundwater Management Study Commission rump group in its 1980 Concepts 
for Agreement.
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DC: As long as I’m on this management point, why the shift from local 
management, which was the majority report’s view, to the decision to go 
with statewide control? 

BB: Everybody was for local management in principle, but none of the 
parties trusted each other, and everybody was scared that it would be the 
other guy who would wind up with the majority power on a local board. 
Nobody was confident they would devise a local equilibrium that would 
be as stable as the State Department of Water Resources and as 
impartial. Everybody was for local control as long as it was clear that 
they would wind up in control. 

DC: Right. This way they have to rely on the governor to make a fair 
appointment.  

BB: Sure. 

DC: And everyone was willing to do that? 

BB: They couldn’t think of anything better. 

 

Another person on the Commission staff directly involved in the closed-door rump group 

negotiations recalled it this way: 

So when the Commission decided in 19…it made decisions in 1979. 
There were draft recommendations and it was basically a deal between 
the cities and the mining companies to kind of run over agriculture, out 
vote agriculture. And one of the issues was should we have state or 
local groundwater management. And it wasn’t the ag people that 
were looking for local management, it was the cities and the mines. 
And the cities probably wanted it because they thought they would 
control the votes and the mines…the ag folks didn’t want it for 
precisely the same reason. They thought they wouldn’t have any 
clout. So the ag folks pushed for state…a state management entity 
rather than local management entity and that was one of the 
compromises then in the drafting of the Groundwater Management 
Act, that we would have a state entity (Interviewee 22, personal 
communication, 2015). 

 

Connall (1982, p. 333) assessed the significance of the situation this way: 

This switch to state management reflects a realization by the farms that 



	 100	

local management would be controlled by the cities. Whether existing 
units of governments or newly elected bodies were charged with 
administering the law, they would be elected primarily by people who 
live in urban areas. The decision to use strong state management also 
reflects the belief by some, including the Governor and Chandler, that 
local bodies would be reluctant to adopt and enforce demanding 
conservation requirements against people in their communities. Thus, 
while the cities supported local administration, the Governor, mines, and 
farms prevailed. The method of administration chosen is one of the 
most striking features of the code. It is remarkable that parties who 
fought so vigorously to protect their rights to use groundwater were 
willing ultimately to place their fates in the hands of the water czar.  

 

 Kathleen Ferris, the young attorney on the Commission staff, recalled some 

additional concerns about the drawbacks of local management  

Agricultural representatives had begun to fear that municipalities would 
control any election for members of a local management entity and that 
management by local entities would therefore mean management by the 
cities. Other representatives, most notably mining, had always worried 
that members of the local management entities would be unable to 
withstand political pressure from their neighbors and that management 
by a local entity would therefore mean no management. Finally, several 
negotiators became increasingly concerned that each local management 
entity might interpret a complex law differently, resulting in strikingly 
divergent management plans for each AMA and numerous legal 
challenges. Gradually the consensus shifted toward centralized state 
management with AMAs as the focal point of management activity 
(Ferris, 1985, p. 181).  

 

Rejection of a market-based allocation approach 

 Besides the administrative structure, another critical question before the GMSC 

was how to allocate rights to pump groundwater. The state had the power to replace 

reasonable use doctrine with something totally different if it so chose. Another proposal 

that did not survive the GMSC’s negotiations was to allocate groundwater rights using 

what would have amounted to a cap and trade program in today’s nomenclature.  
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State Senator Jim Kolbe had come to the May 1979 ASU conference center meetings 

with a strongly market-based groundwater code. His proposal had won an endorsement 

from the Tucson newspaper (Connall, 1982).  Although the specifics of Senator Kolbe’s 

proposal were not documented in the archives, we can surmise that it would have been 

broadly similar to type of allocation system Governor Babbitt had favored, which was to 

limit all water rights to those that currently exist, allow them to be freely transferred to 

any other location, thus forcing cities to buy water rights from farmers (Connall, 1982). 

As Babbitt recalls, this was a position favored by agriculture, though it would have been 

extremely costly for the state (Babbitt 1980, p. 2). This would have been combined with 

pro rata reductions in overall usage, essentially creating a gradually shrinking cap.  

According to Connall, Senator Kolbe’s proposal was "quickly and soundly rejected 

by the commission" but he does not explain on what grounds. One interviewee I spoke 

with recalled that “the cities really killed that deal” in reference to the proposal to make 

irrigation and non-irrigation grandfathered groundwater rights marketable (Interviewee 

19, personal communication, 2015).  We can also get a sense of Governor Babbitt’s own 

ideas and why the city contingent of the GMSC did not support a market-based 

groundwater allocation system from this exchange between Desmond Connall and the 

governor (Babbitt, 1980, p. 16): 

BB: This law liberalizes the transfer provisions obviously, in many ways.  
There was a kind of a feeling that this whole appurtenancy concept 
violates the rules of market allocation and that as long as you are moving 
toward permits in the future, you are moving toward kind of a prior 
appropriation system, you ought to get away from all this appurtenancy 
stuff. Quantified rights is sort of the embodiment of this whole concept 
of water related to land. You get away from that, you get away from 
appurtenancy in a variety of other areas. There was a feeling that you 
can sever the water from the land and get it circulating as a 
commodity subject to supply and demand. There was some 
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discussion over that. I can tell you what kind of groundwater code I 
would draft if I were doing it on a mountaintop on stone tablets. I would 
say the one rule of groundwater use is the basin must be balanced. The 
second rule is that you can take water anywhere, anytime, in or out of the 
basin, sell it to a willing buyer anywhere. My third rule is that to achieve 
balance there would be pro rata reductions over a five-year period to 
bring the basin into balance. Then, of course, there would be no new uses 
allowed, on a prior appropriation model, unless there is more water 
available. We will freeze all uses, no increases, sever them all from 
the land, put them in the free market, and have pro rata reductions 
as necessary to achieve balance. At that point you have a pure 
economic model of water use.  

DC: That model was not really seriously considered, was it? 

BB: Absolutely not. The quantified rights doctrine was a crude, very 
crude approach to it. It didn’t even come close. No. The pure 
economic model, as attractive as it is, people are fearful of how they 
will be impacted. Nobody has the confidence to subject themselves to 
such incredible uncertainty.  

DC: I was talking to Dean Meyers about this. Everytime economists 
anyway or even academics sit down and try to solve water problems 
or any other kind of scarce resource problems, they invariably turn 
to a market model, and yet it never happens in the real world. It is 
politically not popular.  

BB: It just puts everybody at risk in the marketplace and even though 
it may well be that everybody would work out well, what would happen 
is – it’s easy to guess in broad outline what would happen – water will 
become an expensive commodity. It will have a price tag on it. 
Farmers would, rather rapidly, come to the conclusion that it is 
more fun to sell water and pocket the proceeds than to labor in the 
hot sun. 

 

A little later in the conversation Babbitt speculates about one of the effects of such a 

model: “Water would go up in value. The higher uses would buy out the lower uses, and 

over time agriculture would disappear. Now, this strange hybrid that we have put together 

creates less drastic pressures toward the same end, as we have talked about.”  

 While agriculture wanted new users to have to buy them out, they were opposed 

to any scheme requiring the imposition of pro rata reductions in groundwater 
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withdrawals, believing such limits to be a potentially unconstitutional taking of private 

property. The cities, conversely, were adamantly opposed to being forced to buy farms as 

the only way to obtain groundwater rights. The 1979 Draft Report expressed the cities’ 

objection to the idea of buying and selling agricultural water rights: 

However, groundwater does not respect property ownership lines 
and a farmer, therefore, is not only selling water from under his land but 
from under other users' land as well. Yet only the farmer collects the 
profit. Opponents claim that a full-scale buy-out of agriculture as the 
only way to reduce the overdraft or gain needed groundwater supplies is 
tantamount to a windfall profit for agriculture. It would only perpetuate a 
judicially-created monopoly on groundwater sales, but would also 
reward the economic sector most responsible for the groundwater 
overdraft (GMSC 1979, p. V-14). 

 

The majority’s opinion clearly expresses a concern about fairness and responsibility: how 

is it fair to reward those who caused the problem with handsome profits? This issue has 

never completely gone away even after the passage of the 1980 AGMA.  Also contained 

in the statement is a shrewd observation about the way in which groundwater resists 

commodification due to its inherent material qualities. Because groundwater is not 

stationary like minerals and petroleum deposits, it is virtually impossible to quantify what 

specific water belongs to landowner #1 and not to landowner #2.  

  The rump group ultimately made different recommendations from the 1979 Draft 

Report in its Concepts for Agreement: 

In contrast to the tentative recommendations in the Commission’s Draft 
Report, which allowed a groundwater user to sell one acre-foot per acre 
of a grandfathered right, the Concepts for Agreement would allow a user 
to sell more than one acre-foot per acre of a grandfathered right.” 
(GMSC 1980, p. 7).  (…) “In general, a farmer may sell his entire 
grandfathered right to another farmer and up to three acre-feet of his 
right for a different class of use. In general, the owner of a non-irrigation 
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grandfathered right may sell his grandfathered right only for the same 
class of use (GMSC, 1980, p. 7). 

  

These statements clearly indicate a compromise compared to the urban-biased Draft 

Report. As Babbitt recalled, “We attempted to find ways to limit [agriculture’s] claims 

without radically altering a set of expectations that had been built up under some terrible 

case law over the years” (Babbitt, 1980, p. 4). The rules were designed to hasten the 

decline of agriculture by creating incentives for new users to buy and retire farms, but 

without creating a market-based cap and trade style system that all users were apparently 

opposed to, for different reasons. Transfers of groundwater from previously irrigated land 

to non-agricultural uses were not prohibited but the amount was limited (see Chapter 6). 

Agriculture compromised by agreeing to mandatory conservation in order to avoid pro 

rata reductions (though Babbitt thought the effect would be the same in practice) 

(Babbitt, 1980, p. 17). 

 

Basic elements of the 1980 Arizona Groundwater Management Act 

 Released on March 6, 1980, the Concepts for Agreement report developed by the 

governor’s rump group provided most of the basic architecture of the 1980 Groundwater 

Management Act, which was a far-reaching piece of reform legislation. I discuss the most 

relevant provisions to this analysis further in subsequent chapters; here I briefly 

summarize the key provisions. 

By granting the Director extensive rule-making power and the authority to develop 

management plans and the mandatory conservation requirements they contain, the 

AGMA can be said to have created a centralized model (Ashley and Smith, 1999).  
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Besides giving regulatory power to the agency instead of distributing it to local/regional 

entities, the AGMA made several other key changes to the existing water code: 

• Created 4 (later 5) Active Management Areas based on hydrologic boundaries 

rather than political ones within which the provisions of the AGMA would apply.  

• Set management goals of safe yield for the urban AMAs by 2025 (Phoenix, 

Prescott, and Tucson) and planned depletion for Pinal 

• Finally did away with about 75 years of court decisions generally upholding 

common law rules for use and allocation of groundwater, replacing it with a 

system of quantified grandfathered rights for existing users and permits for new 

users administered completely by the state water agency (though only within 

AMAs, which did not cover the whole state).  

• No more irrigation inside the AMAs and Irrigation Non-expansion Areas (a 

concept dating back to the 1948 code) 

• Increasingly strict management plans intended to achieve these goals, including 

mandatory conservation 

• Created local agency offices in the AMAs. These were later shut down.  

• New housing developments required to demonstrate the legal and physical 

availability of 100 years of water of adequate quality 

 

The constitutionality of the AGMA’s provisions was immediately challenged in two 

court cases, Chino Valley v. Prescott (1981) and Cherry v. Steiner (1982). Both hinged on 

ownership/property rights claims. In Chino Valley, the Arizona Supreme Court upheld 

the constitutionality of Arizona’s use of the police power to limit groundwater pumping 
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based on its finding that “there is no right of ownership of groundwater in Arizona prior 

to its capture and withdrawal from the common supply and…the right of the owner of the 

overlying land is simply to the usufruct of the water.” The Chino Valley decision was 

then affirmed by the U.S. District Court in Cherry v. Steiner (1982), which also held that 

there was no property right in groundwater prior to capture; thus the AGMA regulations 

could not cause a taking of private property. These decisions finally put an end to the 

question of the nature of property rights in groundwater under the new Arizona water 

code. Traditional common law concepts of individual, absolute ownership were abolished 

and replaced. In contrast, this question would not be decided in Texas until 201228, with 

the opposite result as the Chino and Steiner courts. 

Since surviving these challenges, Arizona’s groundwater code has been modified in 

various ways as it has been implemented over the years, but the basic provisions and 

administrative structure have survived largely intact. Despite Babbitt’s comments about 

the power of the ADWR Director, critics have at times contended that the agency is in 

fact rather weak in practice in some ways, or at least not in terms worthy of a true “water 

czar”29 (Schlager, 1995; Hirt et al., 2008).  

 

3.2. Institutional development of groundwater in Texas, 1960-2005 

During the time that Arizona was developing the AGMA in the late 1970s, Texas was 

in the midst of an extended period of relative inactivity on groundwater that had begun 

after the first round of GCD creation in the 1950s. Between 1955 and 1999 the Texas 

                                                
 
28 Edwards Aquifer Authority v. Day and McDaniel (2012) 
29 Sheridan (1995, p. 359) characterized the political arrangement between the state of Arizona and its 
resource user interest groups as a “feudal society of competing warlords held together by a weak king.”   
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courts heard several cases concerning groundwater. Minor exceptions to the rule of 

capture were made for water waste (City of Corpus Christi v. City of Pleasanton (1955)) 

and for pumping that causes subsidence on another party’s land (Friendswood 

Development Co. v. Smith-Southwest Industries, Inc. (1978)). These modifications 

notwithstanding, and despite occasional critique from the bench, the courts consistently 

upheld the rule of capture30 in the absence of legislative guidance to the contrary.  

Only 2 GCDs were created during the 1970s and by the start of the 1990s there were 

still just 25 in the entire state . As with the 1917 Conservation Amendment and 1949 

Groundwater Act, the Texas legislature continued its tradition of waiting until the next 

major drought to revise and expand its groundwater statutes. During the 1960s-1970s 

there was no major omnibus water legislation passed, but severe droughts in the early 

1980s and early 1990s finally precipitated (no pun intended) major legislation.  Between 

1997-2005, the legislature made several important changes that expanded the scope of 

groundwater planning in the state that are relevant to this study, including the creation of 

the Cow Creek and Trinity Glen Rose GCDs.  

Before discussing the key legislative developments, I briefly summarize the 

continued development of groundwater usage in the study area and in Texas more 

broadly.  

 

Groundwater development in the San Antonio region after 1950 

 In 1974 there were 104,096 irrigated acres in the six-county study area (Bexar, 

                                                
 
30 See, e.g., City of Corpus Christi v. City of Pleasanton (1955); Friendswood Development Co. v. Smith-
Southwest Industries (1978); City of Sherman v. Public Utility. Commission of Texas (1983); Sipriano v. 
Great Spring Waters of America, Inc. (1999). 
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Comal, Hays, Kendall, Medina, and Uvalde counties), together accounting for only 1% of 

the total statewide irrigated acreage reported that year of 8.6 million (TWDB, 2001). 

Although a regionally important economic sector, it was dwarfed by the 2.43 million ha 

(6 million acres) in the High Plains being irrigated with Ogallala groundwater in 1974 

(Colaizzi et al., 2009); the region accounted for 70% of all the irrigated land in the entire 

state. 

Three of the counties historically have been dominated by irrigated agriculture. As 

shown in Figure 3.3, these are Uvalde, Medina, and Bexar counties (see also Figures 1.4 

and 1.5 for geographic location). Uvalde is a major agricultural county and the most 

reliant on groundwater of the six.  In Uvalde county, an average of 45,101 acres were 

irrigated per year during 1958-2008 with an average of 72,236 AF of water, 98% of 

which has come from groundwater. Medina county has been historically less reliant on 

groundwater than Uvalde with an average of 36,943 acres irrigated, 65,648 AF of water 

consumed, and 61% from groundwater on average (TWDB 2011; 2016).  

 Bexar County has had less agriculture than Uvalde and Medina historically, 

though still significant amount compared to Kendall, Comal, and Hays counties.  Heavily 

reliant on groundwater: from 1958-2008, the percentage of irrigation water that came 

from groundwater sources was 63%.  However, as shown in Figure 3.4b, it is important 

to note that farming has declined markedly in Bexar County since early 1990s. This 

decline coincided with the rapid urbanization of the San Antonio metro area and the 

creation of the EAA in 1996.  Average number of irrigated acres between 1958-1994 was 

23,750 (and 39,617 AF of water); from 2000-2008 it has been below 8,000 acres every 

year (average 6,977 acres; 10,828 AF of water).  Averaged over the 50-year period, about 
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84% of all the groundwater use in the county has been for municipal purposes. By 1989, 

86% of the groundwater use in Bexar County was for municipal purposes and the City of 

San Antonio was still completely reliant on the Edwards Aquifer.  

In contrast to Medina, Uvalde, and Bexar counties, Kendall, Comal, and Hays 

counties have historically had relatively little irrigated agriculture (Table 3.1). 

 
 
Figure 3.3. Average groundwater use per sector in six counties, 1958-2008. All volumes 
in acre-feet. Source: TWDB Water Use Survey: Historical Summary Estimates by 
County.  
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Table 3.1. Average irrigated area and water volume applied in Kendall, Comal, and Hays 
counties, 1958-2008. 
County Average irrigated 

acres, 1958-2008 
Average water for 
irrigation, 1958-
2008 

Average 
percentage 
groundwater 

Kendall 300 390 50% 
Comal 380 359 64% 
Hays 927 992 40% 

 

Irrigation development in the study area contained within these six counties tracks the 

broader state pattern through 1974 (Figure 3.4). But in contrast to the decline at the state 

level that happens between 1974-1989, the use of groundwater for irrigation in Medina, 

Uvalde, and to a lesser extent Bexar, counties continued to increase all the way to an all-

time peak around 1989. The major downturn that happened in the early 1990s coincided 

with the severe drought that occurred in the region at that time.  

 

The catfish farm 

The EUWD was never given power to limit pumping from the Edwards Aquifer and 

so its primary activities were gathering and distributing hydrologic data and encouraging 

conservation (Ashley and Smith, 1999). Because the EUWD could do nothing about the 

rule of capture, overdraft caused by pumping by regional irrigators and San Antonio 

eventually reached a point in the early 1990s at which groups interested in maintaining a 

minimum of spring flow out of the aquifer began filing suit to achieve pumping 

limitations that the EUWD could not create. 

The most notorious example of the extremes allowed by the rule of capture is the 

catfish farm. In 1991 Living Waters Artesian Springs Ltd. drilled a well into a part of the 

aquifer under immense artesian pressure that was capable of producing 40 million gallons 
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a day, which was used to raise catfish. Annualized, this was equivalent to about 25% of 

the City of San Antonio’s total withdrawals from the Edwards Aquifer (Votteler, 1998); 

enough water for about 250,000 people for a year (Eckhardt, n.d.). Since the EUWD was 

powerless to limit the farm’s pumping, the groundwater pumpers, including and 

especially the City of San Antonio, realized that their supposed “ownership” of 

groundwater was not at all secure if a single landowner could legally withdraw such 

immense volumes (Eckhardt, n.d)31. Besides contributing (with great irony, as Votteler 

(1998) points out) to the eventual replacement of rule of capture in the Edwards Aquifer, 

this led the City of San Antonio to consolidate power into a single agency, the San 

Antonio Water System (SAWS), in 1992 in order to more effectively fight on behalf of 

the city in future rule of capture issues (Porter, 2009, p. 130). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
 
31 San Antonio eventually bought the catfish farm and its attendant water rights for $9 million in 2000 
(Eckhardt, n.d.).  
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Figure 3.4. (a) Total acres of land irrigated with groundwater in Texas (b) use of 
groundwater for irrigation for counties in the study region, 1958-2008. 
(a) 

 

(b) 
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Conflict leads to regulation of groundwater pumping in the Edwards Aquifer 

 Because of the particular physical attributes of the Edwards Aquifer, pumping in 

excess of recharge diminishes spring flows, which in turn reduces the flow in the 

Guadalupe River, the very existence of which was largely dependent on the flow from 

two major springs, Comal and San Marcos (Figure 3.5.). The open access situation 

allowed by the rule of capture that was highlighted by the catfish farm situation was not 

only concerning to other groundwater pumpers, but also to those with downstream 

surface water rights in the Guadalupe River and those worried about the effects of 

reduced stream flows on endangered and threatened species (Frownfelter, 2014). 

1 In 1991, around the time that SAWS was being formed, the Sierra Club had filed 

suit against the Secretary of the Interior and the U.S. Fish and Wildlife Service under the 

Endangered Species Act for allegedly failing to prevent takings of endangered species as 

a result of diminished flows from Comal and San Marcos springs (Sierra Club v. Lujan 

(1993)32). Sierra Club and other plaintiffs asked the court to force the defendants to limit 

pumping from the aquifer and to create recovery plans for the different endangered and 

threatened species in the aquifer and at the two springs (Votteler, 1998).   

 
 
 
 
 
 
 
 

                                                
 
32 The original title was based on the Secretary of the Interior at the time, Manuel Lujan, Jr. Coincidentally, 
by the time the case was decided it had been renamed Sierra Club v. Babbitt because by 1993 former 
Arizona governor Bruce Babbitt had become Secretary of the Interior under the Clinton administration. 
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Figure 3.5. Cross section of the Edwards Aquifer. Adapted from Donahue (1998, p. 190). 
 

 

 

In February 1993 Judge Lucius Bunton ruled in favor of the plaintiffs. These were the 

key provisions of the judge’s ruling, briefly summarized (Votteler, 1998; Frownfelter, 

2014): 

* Unless pumping was limited, takings of endangered species would occur 

* TNRCC (later Texas Water Development Board) had to develop a plan that would 

limit pumping and maintain spring flows during critical periods. 

* If the Texas Legislature had not enacted regulatory legislation by May 31, 1993, the 

USFWS could intervene to impose regulations.  

* USFWS was directed to determine minimum spring flow rates for Comal and San 

Marcos springs.  

A complex series of legal maneuvers by different parties played out over the next 

several years after the ruling, delaying but eventually failing to stop the passage of the SB 

1477 (aka the Edwards Aquifer Authority Act) by the legislature in May 1993 and the 
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creation of the Edwards Aquifer Authority (EAA) in 199633. The basic institutional 

framework for the EAA Act originated with the city of San Antonio. One interviewee 

directly involved in the process and negotiations recounted the circumstances 

surrounding the genesis of the core legislative concepts: 

…for all practical purposes the actual legislation in the Edwards Aquifer 
Authority legislative outline was an effort that was largely spearheaded 
by the City of San Antonio with the city reaching out to the spring cities, 
New Braunfels and San Marcos, and the farming community to the west 
and obviously [Guadalupe-Blanco River Authority] to put what I call the 
meat on the bones. The general framework had been there needs to be 
some kind of limit on overall production, there needs to be some 
recognition of historic reliance in terms of allocation and there needs to 
be real power to restrict or limit production during critical periods. Those 
were kind of the general framework themes that San Antonio went to 
work on. I can tell you that it was largely the political and business 
leadership of San Antonio at that time that determined that a 
legislative solution had to be implemented to protect San Antonio’s 
interests and literally went about convincing the other stakeholders 
that it was in their best interest as well. It’s been a long time but I can 
remember the meetings. The mayor of San Antonio, the city attorney, the 
chairman of the San Antonio Water System, the general manager of the 
San Antonio Water System and a couple of key members of the chamber 
of commerce sat in a conference room and literally outlined what this 
legislation should ultimately look like. And then it was a function of 
taking that outline…out to the other stakeholders to see if we couldn’t 
gain some consensus on how to accomplish the overall goal (Interviewee 
13, attorney, personal communication, 2014). 

 

The EAA Act dissolved the EUWD and replaced it with a new management entity, 

the EAA. When the EAA Act was passed, the EUWD no longer included Uvalde and 

Medina counties, both having voted several years earlier to secede from the EUWD in 

order to create single county GCDs over earlier disagreements about proposed pumping 

                                                
 
33 For details see, e.g., Votteler (1998; 2000); Putnam and Peterson (2002); Frownfelter (2014). 
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limits (Votteler, 1998). However, both counties were included in the EAA jurisdiction.  

Because the EAA is technically a regional scale GCD with a governing body with 

members selected through local elections, it is not a state agency (Frownfelter, 2014). 

However, it is a unique version of a GCD in that it has much greater and more specific 

powers to limit pumping than are provided in the Water Code Chapter 36.  

The EAA Act granted the EAA the power to limit withdrawals from the aquifer to 

450,000 AF by 2007 (though this was later increased), and to impose additional 

restrictions during critical periods in order to maintain minimum spring flows. To do this, 

the EAA had to adjudicate all groundwater rights claims for existing users. Claims were 

based on historically provable use, which the EAA quantified and converted into permits, 

with no new permits granted after the initial adjudication. This in effect abolished the rule 

of capture everywhere within its administrative boundaries. Adoption of a permit-based 

allocation system with grandfathered rights within designated management areas was 

similar to what the AGMA had done, except that the EAA system was more similar to the 

“pure economic” approach of freely tradable groundwater permits that Bruce Babbitt had 

favored when he was governor of Arizona. Edwards groundwater rights and permits and 

the EAA’s rules governing their transferability are covered in more detail in chapter 7. 

The EAA was attacked over its representation structure and over the constitutionality 

of its limitations on pumping. First, the Mexican American Legal Defense and Education 

Fund argued that having a governor-appointed board instead of an elected one (as was the 

case in the EUWD) contravened the Voting Rights Act of 1965 by reducing the 

representation of Hispanic voters on the EAA board. The U.S. Department of Justice 

agreed, holding up the creation of the EAA in the fall of 1993 (Votteler, 1998). The rules 
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were changed to create a governing body consisting of two appointed members and 15 

elected from single member districts; however, the issue of EAA board representation 

remains a major issue even today34  

Next, the EAA was attacked as unconstitutional due to alleged regulatory takings 

resulting from limiting groundwater pumping, similar to the earlier cases against the 

AGMA in Arizona (Chino and Steiner). The case that settled the Edwards Aquifer 

constitutionality issue was Barshop v. Medina County Underground Water Conservation 

District (1996). The Barshop court noted that “[t]he issue of when a particular regulation 

becomes an invasion of property rights in underground water is complex and 

multifaceted” but opted not to definitively resolve “the clash between property rights in 

water and regulation of water,” asserting that the case only involved a facial challenge 

about the EAA Act’s constitutionality, thus avoiding having to specify the nature and 

scope of private groundwater rights in Texas.  

Thus the question of whether the EAA’s denial of permits to certain applicants who 

could not prove historical use constituted a regulatory taking of groundwater rights in 

place lingered on until it was resolved in the controversial EAA v. Day and McDaniel 

(2012) case, in which the Texas Supreme Court found that landowners do in fact have 

vested groundwater rights in place, prior to capture. A few landowners have continued to 

apply for new permits, and the EAA has continued to deny them.  

 

 

                                                
 
34 League of United Latin American Citizens et al v. Edwards Aquifer Authority (filed in 2012) 
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Texas water planning overhauled by Senate Bill 1 (1997) 

Just after the creation of the EAA, and once again in response to severe drought 

rivaling the drought of record, this time in the early 1990s, the legislature made 

substantial changes to groundwater management in the state.  The omnibus water bill 

SB1 passed in 1997 “to the utter amazement of almost all observers” (Bath 1999, p. 

128)35.  

This far-reaching legislation has been described as “truly revolutionary” for Texas by 

at least one expert because it reflected a sea change from a short-term focus on continual 

supply development to a more long-term focus on conservation and marketing of existing 

supplies (Lehman, 2004). Dupnik (2012, p. 9) states that “…arguably the most notable 

effect of SB 1 on Texas groundwater management was that it statutorily designated and 

firmly committed to GCDs and local control as the preferred method of groundwater 

management in Texas”. The aspects of SB 1 most relevant to this discussion are (1) 

Priority Groundwater Management Areas (2) modifications of GCD powers (3) 

regionalization of water planning in general in the state.  

 

(1) Priority Groundwater Management Areas.   

 Most of the Hill Country around the San Antonio-Austin metro regions had earlier 

been designated a critical groundwater area by TCEQ in 1990 following passage of HB 2 

in 1985.  The creation of the EAA was the first major action to seriously limit and 

manage groundwater withdrawals in the San Antonio metro region. However, some 

                                                
 
35 Bath (1999, p. 128) suggests that the ease of passage may have had to do with the fact that it did not pose 
a serious threat to water rights holders at the time. 
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“blank spaces” still existed on the map in the late 1990s around the Hill Country region 

where no GCDs existed despite the TCEQ’s earlier designation.  SB1 altered and 

strengthened the critical area idea, changing the name to Priority Groundwater 

Management Area and giving the TCEQ power to force creation of GCDs within a 

PGMA. According to Texas Water Code sec. 35.001(12) a PGMA is an “area designated 

and delineated by the commission as an area that is experiencing or is expected to 

experience critical groundwater problems.” Gaps still remain inside PGMAs and TCEQ 

has yet to exercise its authority to impose a GCD; nevertheless, it has encouraged the 

creation of groundwater conservation districts (Johnson, 2014).  

 

(2) Strengthening of GCD powers 

 SB1 also strengthened and clarified regulatory powers of GCDs and, importantly, 

granted them authority to require permits for groundwater transfers out of the district, and 

also to prohibit them (though the latter power was later rescinded in SB2 in 2001). This 

new ability to prohibit or require permits for exports of groundwater also contributed to 

the formation of a number of GCDs in 1999.  One interviewee connected the proliferation 

of GCDs to this and other provisions in SB 1: 

The other thing that happened in Senate Bill 1 was a pretty fair 
stumbling block was put in in moving water from one river basin to 
another river basin. It made getting inter-basin transfers not impossible 
but much more difficult. And so…and really since ’97 we haven’t seen a 
major inter-basin transfer. However, there are no such restrictions for 
groundwater conservation districts with the exception of the Edwards 
Aquifer Authority, which is always a special case. It’s the California of 
aquifers in Texas. There’s always something different about it. And so I 
think both with that taking…essentially taking the movement of 
surface water off the table and all the attention focused on solving 
Texas water problems we suddenly saw groundwater marketers hit 
the scene. So private entities pitching groundwater projects which 
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tended to come from rural areas to the growing urban areas. [T. 
Boone Pickens] is the most famous one but there’s a laundry list of a 
number of them. And so my personal feeling, I know there’s different 
opinions about this but my personal feeling is we saw a boom in 
groundwater district creation in response to Senate Bill 1, both the 
fear of the cities coming out to get the water and then also an 
insurance policy essentially against water marketers trying to sell 
water to the cities. I should clarify that the water code is clear that a 
district cannot ban the export of groundwater. However, they can make it 
really, really difficult for somebody trying to move that water 
(Interviewee 5, water agency staff, personal communication, 2014). 

 

(3) Creation of a regionalized, bottom-up water planning process 

 SB1 was also notable for making major changes to water planning in general. It 

created a bottom-up, regionalized water planning process through 16 Regional Water 

Planning Groups (RWPGs) and their corresponding Regional Water Planning Areas 

(RWPAs). However, these RWPGs are not simply an extension of the GCDs and 

constitute another locus of decision-making. They must be comprised of members from a 

particular set of 11 economic sectors and groups defined in the Texas Administrative 

Code. For example, the Panhandle Water Planning Group voting member list includes 

individuals from municipalities, counties, the petroleum industry, farming and ranching, 

USDA Agricultural Research Service, an environmental remediation consulting firm, a 

well drilling company, an electric utility, and a university extension, in addition to river 

authorities, water districts, and water utilities (Panhandle Regional Water Planning 

Group, 2010). The voters are responsible for electing an executive committee for the 

RWPG, which is headed by a chair. Within the RWPG there are separate committees that 

each serve different functions in the planning process. Committee assignments include 

modeling, public participation, agricultural demands and projections, and municipal and 

industrial demands and projections. The Code also requires 5 non-voting members and 



	 121	

specifies criteria for these individuals as well, e.g. staff members of TPWD and the Texas 

Department of Agriculture. 

 Each RWPG is required to develop a regional water plan. The regional plans are 

then developed into a single State Water Plan by the TWDB on a 5-year cycle. The first 

two plans were completed in 2001 and 2006, with the third set adopted in 2011. The 

rapidity of the 5-year increments dictates that planning is ongoing. At this stage, 

groundwater planning becomes combined with water planning in general, although in 

some RWPGs groundwater may be the main issue.  Each RWPG is required to allow for 

public input during the process, hold public meetings, and make a draft of the regional 

plan available to the public for review and comment (T.W.C.§16.053(h)). Participation in 

the regional planning process is voluntary, but one incentive to participate is that any 

regulations that might be ultimately passed will be enacted without the say of 

nonparticipants. 

 

Senate Bill 2 (2001) further strengthens GCD powers and creates new groundwater 

management areas (GMAs) 

Passed in 2001, SB 2 was another major piece of water legislation that further 

strengthened GCDs in various ways. These included increasing their authority to limit 

well spacing and production, allowing them to place stricter conditions on permit and, 

while removing the power to prohibit groundwater exports, allowing them to assess fees 

on exported groundwater (Dupnik, 2012; SB 2).  

SB 2 also directed TWDB to define Groundwater Management Areas for all of the 

major and minor aquifers. TWDB created 16 Groundwater Management Areas based on 
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a blend of hydrologic and political features. The legislation encouraged, but did not 

require, joint planning and sharing of management plans by the GCDs within each GMA. 

These areas define the geographical extent within which joint planning by GCDs occurs, 

per HB 1763. While the GMAs do add another layer for managerial and planning 

purposes, they are not separate political units per se with independent decision-making 

powers. Before 2001, their main purpose was to facilitate creation of GCDs by petition, 

but HB1763 in 2005 changed this focus to mandatory joint planning (Mace et al., 2008). 

In practice this joint regional planning is an aggregation of planning by the GCDs within 

a GMA. Each GMA may have any number of GCDs within it (they range from 0-20), and 

the GCDs are represented in the regional planning process created by SB1 by a manager 

of one of the GCDs contained within the GMA (T.W.C.§16.053(h)).  

 

Rapid increase in GCDs, 1999-2002 

 The 1999 and 2001 legislative sessions saw a flurry of GCD creation. 34 GCDs 

were created between 1999-2002 (Figure 3.6). According to Dupnik (2012) and Johnson 

(2014), several factors contributed to this. First, in Sipriano (1999), the Texas Supreme 

court hinted that they would consider overturning the rule of capture if the legislature did 

not intervene. The fact that SB1 was in the works caused the court to hold off on doing 

so, but still presented something of a threat. A second factor was the creation of a 

regionalized bottom-up planning model by SB1. A third factor was the reaffirmation of 

the state’s support for the local control model in SB1. A fourth factor was concern over 

rural to urban groundwater exports. 

Twenty-nine GCDs were established in just two years, 2001-2002 –  nearly 1/3 of 
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all existing districts. It was during this burst of district creation that the two non-Edwards 

GCDs in the study area were created (Cow Creek GCD and Trinity Glen Rose GCD).  

 

 
Figure 3.6.  Number of Groundwater Conservation Districts (GCDs) created per year, 
1990-2013. Edwards Aquifer Authority was created in 1996. Cow Creek and Trinity Glen 
Rose GCDs were created in 2002.  

 

 

 

House Bill 1763 (2005) expands and mandates regional groundwater planning  

 Most of the districts created during the 1999 legislative session were single-county, 

unlike the earlier multi-county ones that had been created in the High Plains region. SB2 

had been intended to address that by requiring the TWDB to create regional planning 

entities. However, joint planning within the GMAs was still optional. This changed in 

2005 when they were required to jointly plan in the last major piece of groundwater 
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legislation relevant to this study, HB1763.  

HB 1763 emerged in the aftermath of SB 3, a failed bill that would have 

addressed the single-county district issue by consolidating authority for setting policy, 

developing and approving management plans, funding at the regional scale in 

Groundwater Management Area Councils instead of leaving atomized at the level of 

individual GCDs (Dupnik 2012), likely akin to the Edwards Aquifer Authority in some 

basic respects. HB1763 was a watered-down version of SB3 that nevertheless made some 

important changes.  It mandated that GCDs meet at least once a year as a GMA to do 

joint planning; gave the GCDs responsibility for determining groundwater availability in 

collaboration with TWDB (it had previously been the job of the RWPGs); and required 

the setting of groundwater management goals on a 5-year basis. I discuss the regional 

groundwater planning process further in chapter 5.  

 

3.3. Conclusion 

 The background story of groundwater in these two states is much the same. As 

explained in chapter 2, at the turn of the 20th century the courts spoke where the 

legislatures were silent, creating a system of rights and duties for groundwater, 

completely separate from surface water, that allowed more or less free reign to anyone 

who could sink a well and put the water to some beneficial use. Well established legal 

concepts of proportional sharing and correlative rights (going back even to the time of 

Spanish rule) were rejected in favor of an individualistic ownership with limited liability 

for negative externalities. This was partly attributable to hydrologic ignorance, but also 

because it was thought to be the most useful set of rules for facilitating the rapid 
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economic development of these regions.  

Starting in the 1930s, several decades passed during which pumping technology 

advanced, commodity prices were high, and the agriculture sector in both states rose to 

political prominence, pumping previously unheard of volumes of virtually free 

groundwater and overdrafting the aquifers in the process. Before long, both states had to 

deal with the same basic governance questions: should groundwater use be limited? If so, 

how? And by whom? The answer lay in what to do about the common law ownership 

doctrine, and it is in this decision that Arizona and Texas began to deviate in 1980. As I 

will show, Texas’ reluctance to modify the rule of capture and absolute ownership 

doctrines is proving problematic.  

Overall, these legislative developments have produced something of a crazy quilt of 

water management and planning organizations compared to Arizona. Texas has chosen to 

stick with the local system, but has tweaked it incrementally in recognition of some of the 

drawbacks of ultra-local management of regional scale common pool resources. But this 

is a double edged sword because as Johnson (2012) has correctly argued, increasing the 

regulatory powers of GCDs also increased the likelihood of disputes between regulated 

landowners and GCD boards of directors, especially over permitting decisions. Texas is 

now still dealing with some of the same basic conflicts that Arizona resolved in the early 

1980s.  

Particular choices of institutional arrangements are largely expressions of the 

dominant political economic interests at different points in the history of these two states. 

In both states, the negative byproducts of rapid groundwater depletion were manifest 

early on, prompting failed attempts to create legislation during the 1930s-1940s.  In both 
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states, the initial state-level groundwater codes were weak and ineffective at slowing 

groundwater depletion. Both left the common law doctrines intact. No major change 

occurred in either state until 3 or 4 decades of rapid urban growth resulted in a 

rebalancing of the power distribution in favor non-agricultural interests in both states. 

Only then could meaningful change occur, as we can see from the negotiations leading up 

to the AGMA and the regulation of the Edwards Aquifer. 

Outside factors were also decisive. In the case of Arizona, it was the credible threat 

from Secretary Andrus of halting the CAP that created the urgency behind the final 

development of the legislation. In Texas, it was the Endangered Species Act that gave 

those with previously marginalized downstream interests the power to exert their will via 

the federal courts.  

As I hope to make clear in the rest of this dissertation, these shifting power relations 

have affected the progress made towards stated groundwater management goals, the 

relative effectiveness of groundwater governance, and still drive tensions over access to 

water and the particular institutions that dictate what is and is not possible. 
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Figure 3.7. Timeline of key events in the development of groundwater policy and 
management in Arizona (center column) and Texas (right column), 1961-2011. 
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Chapter 4: Analysis of groundwater governance in the Phoenix, Arizona metro area 

 

4.1. Introduction 

 Although it has not been replicated anywhere else, the “Arizona model” or 

approach to groundwater management has been cited approvingly since its passage (even 

winning an award from the Ford Foundation in 1986) and is generally recognized in 

water policy circles as being one of the more innovative schemes in existence. The court 

in the 1985 Cortaro decision stated that the AGMA “may well be the most ambitious 

legislation ever enacted by the Arizona Legislature and the most comprehensive water 

code in the United States.” The most commonly cited features (including some added by 

law after 1980) are: administrative boundaries based on hydrologic features rather than 

political boundaries; mandatory conservation programs for municipal, agricultural, and 

industrial users; aquifer storage and recovery program; statutory safe yield goals in the 

urbanized AMAs; and, perhaps most importantly, the Assured Water Supply rules which 

require new developments to “offset” groundwater use at least partially with renewable 

supplies for 100 years.  I compare Texas to Arizona because Arizona has been held up as 

a model worthy of imitation. Dupnik (2012) has also compared the two. 

 At more than 35 years old, the AGMA and the system it created is also becoming 

somewhat long in the tooth. More than three decades of creating and altering various 

rules, regulations, and management plan provisions has gradually, and unsurprisingly, 

generated a rather complex groundwater administration system. There is a vast array of 

facets that can be analyzed, and in chapter 6 I examine the role of groundwater transfers 

and market-based allocation. In this chapter I place the focus on the basic organizational 
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structure of the AGMA itself in relation to the likely failure to achieve the safe yield goal 

that is supposed to be attained and sustained after 2025.  

 Here I review the basic institutional framework of the AMAs, with special focus on 

the Phoenix AMA and to a lesser extent the Pinal AMA.  I then consider the relative 

merits and limitations of the system. 

 

4.2. Groundwater problems in the Phoenix metro area 

Phoenix AMA overview 

As discussed in chapter 3, the choice of organizational form for managing 

groundwater was a major point of contention among the major political interests who 

negotiated the AGMA. Rather than create local management entities or authorities with 

either appointed or elected boards of directors, they wound up deferring to the state. The 

fundamentals of the resulting system are (a) AMAs delineated based on hydrologic 

boundaries (b) AMA-specific management goals (c) a system of rules and regulations 

that are generally uniform within each AMA, and to a lesser extent, among all five 

AMAs.  

Some AMAs are quite large in area. The Phoenix AMA, for example covers 5,646 

square miles and consists of seven different groundwater basins from which over 700,000 

AF of groundwater may be withdrawn in a given year (ADWR, 2014). The Salt River 

Valley lies in the heart of the Phoenix AMA and it is one of several tributaries of the Gila 

River that traverse through the AMA’s boundaries. Almost all of the combined flow of 

the Gila and Salt Rivers is diverted at Granite Reef Dam into the Salt River Project’s 

canal system for agricultural, municipal, and industrial use (Corkhill et al., 1993). The 
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groundwater sub-basins underlying the Salt River Valley are hydrologically divided into 

the East Salt River Valley (ESRV) and West Salt River Valley (ESRV) sub-basins. Years 

of intensive groundwater pumping in the 20th century have substantially altered and 

complicated groundwater flow paths in the Salt River Valley relative to historical 

conditions before irrigation development. Notably, groundwater generally flows towards 

several regional pumping centers instead of from the ESRV to the WSRV along the Salt 

River channel and the East and West sub-basins became disconnected in the area of 

Tempe and east Phoenix (Corkhill et al., 1993). For these reasons, the two sub-basins 

respond independently and differently to similar hydrologic conditions. For example, 

during the 1990s water levels generally rose in the ESRV but fell, rose, or remained 

stable in various parts of the WSRV (Rascona, 2005).  

In this chapter I focus on the ESRV and WSRV sub-basins because the vast majority 

of groundwater pumping and urban development has occurred within them (Figure 4.1) 

and consequently contain many of the groundwater problems within the Phoenix AMA. 

Overlaid on top of this diverse hydrologic area are numerous entities and 

organizations involved in some way or another with water management, provisioning, or 

policy, e.g., state agencies, state-created management organizations, city water utilities, 

lobby groups, Native American tribes, and private water companies.  The 4.2 million 

residents of Maricopa County (US Census Bureau, 2015) are spread out among some 33 

incorporated cities and suburbs and 32 unincorporated communities in Maricopa and 

Pinal counties (Figure 4.1).   
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Figure 4.1. Municipal, agricultural, and hydrologic features of the Phoenix AMA. 

 

 

Needless to say, the AMA contains diverse hydrologic conditions, water demands, 

and combinations of water sources. The AMA-based system created by the AGMA rests 

on the premise that these variable conditions could be eventually reconciled by a single 

overarching management goal: safe-yield36 by 2025 in the case of Phoenix, Tucson, and 

Prescott AMAs. Below, I consider the merits of that premise. First, I discuss the relevant 

                                                
 
36 Per the Arizona Water Code: “"Safe-yield" means a groundwater management goal which attempts to 
achieve and thereafter maintain a long-term balance between the annual amount of groundwater withdrawn 
in an active management area and the annual amount of natural and artificial recharge in the active 
management area” (A.R.S. § 45-561(12)). 
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provisions of the aforementioned Assured Water Supply Rules and also the Central 

Arizona Groundwater Replenishment District. 

 

Assured Water Supply Rules and the Central Arizona Groundwater Replenishment 

District 

The Assured Water Supply (AWS) rules were a later addition to the AGMA, initially 

promulgated in 1988 by ADWR but not finalized until 1995 due to opposition from the 

development lobby. The intent behind the rules was to contribute to the eventual 

attainment of safe yield by encouraging new urban development to use renewable water 

supplies instead of mining groundwater. Most Arizona interviewees I spoke with for this 

study agreed that the AWS rules are one of, if not the, most important or innovative parts 

of the AGMA. 

The main provisions of the AWS rules apply to individual subdivisions (A.A.C. § 

R12-15-704 (F.)) and to municipalities (A.A.C. § R12-15-710(E.)) and require that new 

developments within AMAs must have sufficient supplies of water that are physically, 

continuously, and legally available to meet all or part of the estimated water demand for 

100 years. The water supplies must also be of adequate quality; the applicant must have 

the financial capability of constructing adequate delivery, storage, and treatment works 

for a subdivision; and the proposed use must be consistent with both the management 

plan in effect at the time of application and the management goal of the AMA, which in 

the case of Phoenix is safe-yield by 2025.  

New developments can still use some amount of groundwater, but the use must be 

allowable based on the criteria of physical availability and consistency with the 
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management goal. Groundwater is physically available if ADWR determines that the 

proposed pumping demand will not result in the lowering of the static water level below a 

specified maximum depth after 100 years. For developments in the Phoenix, Tucson, and 

Prescott AMAs, this depth 1,000 ft bls. For developments without a central water 

distribution system (known as “dry lots”), the maximum depth is stricter: 400 ft bls. 

Groundwater pumping that draws the water table down to these depths after 100 years 

may be considered an assured water supply, provided all of the other criteria above are 

met.  

ADWR also has to determine whether the proposed amount of groundwater pumping 

is consistent with the management goal of the AMA. ADWR does this using some 

complicated calculations specified in the statutes to determine whether the volume of 

groundwater that is allowed to be pumped according to the AWS rules is equal or greater 

than the portion of the applicant’s projected demand that is expected to be met with 

groundwater37. Once a municipality has obtained a designation of assured water supply, 

new developments within its boundaries meet the AWS requirements via the 

municipality. Developments outside of municipal service areas must meet the 

requirements separately.  

As originally proposed in 1988, the AWS rules would have effectively stopped land 

development in areas outside of municipal service areas where developers had no access 

to legally or physically available renewable water supplies such as the CAP. This was in 

line with one of the major goals of the AGMA, which was to hasten the replacement of 

                                                
 
37 This requirement becomes stricter for developers over time because one of the values ADWR calculates 
for certificates of assured water supply – the “groundwater allowance” – decreases with each management 
period, eventually to zero in the fifth management period.  
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irrigated agriculture with urban land uses. Precluding most development in areas without 

renewable supplies was thought to force development to occur on retired farmland. But 

this also meant that undeveloped, non-irrigated lands outside of municipal service areas 

without access to renewable water supplies would have been essentially “down-zoned” 

(Avery et al., 2007).  

After a major backlash from the development lobby, the eventual compromise 

reached between ADWR and the developers was the Central Arizona Groundwater 

Replenishment District (CAGRD). The CAGRD is a subsidiary entity of the Central 

Arizona Water Conservation District, the organization created by the state to manage the 

CAP. The CAGRD’s job is to replenish “excess groundwater”38 pumped by 

municipalities and subdivisions, thereby allowing new developments that would 

otherwise not be consistent with the management goal to meet the requirement indirectly. 

Essentially, CAGRD frees new development of the requirement to directly use renewable 

water supplies. CAGRD does this by obtaining renewable supplies itself and then 

recharging them underground using the state’s storage and recovery infrastructure. In 

theory at least, this replenishment offsets the “excess” groundwater pumped by the 

subdivisions and municipalities that are enrolled with the CAGRD. However, CAGRD is 

not required to replenish the aquifer in the immediate areas of its members’ pumping, or 

even in the same sub-basin.  

CAGRD’s water acquisitions are funded by annual fees charged to its members which 

                                                
 

38 Excess groundwater is determined by ADWR based on calculations specified in statutes. See chapter 
6 for a more detailed discussion. 
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include municipalities and developers and homeowners39. CAGRD’s municipal enrollees 

in the Phoenix AMA consist mainly of more recently-developed cities and towns in the 

farther reaches of the East and West Salt River Valley sub-basins where there are no 

physical connections to surface water via the CAP canal system or Salt River Project. 

According to Avery et al. (2007, p. 345) “[a]lmost without exception, municipalities that 

had political influence along with CAP water allocations and the means to deliver that 

water when the AGMA was enacted have not enrolled in CAGRD.” These include older 

cities like Phoenix, Mesa, and Tempe. 

 

AMA sub-area issues: outstanding and future groundwater problems in the Phoenix 

region 

It has been increasingly recognized that new innovations are needed in order to 

achieve something approaching “sustainable” groundwater management in the AMA. 

This is largely due to the persistence of groundwater problems, and the likelihood of new 

ones, throughout the Phoenix metro region. Water table declines from groundwater 

pumping in both sides of the Salt River Valley have generated areas of subsidence, earth 

fissures, and aquifer compaction with resulting irreversible losses in storage capacity 

(Corkhill et al., 1993). Here I briefly survey some key groundwater problems known to 

exist in the WSRV and ESRV.  

 

 

                                                
 
39 Although developers must pay the initial fees for enrolling lands outside of municipal service areas with 
the CAGRD, once the development is completed and the homes are sold, the financial burden of paying 
annual fees to the CAGRD is transferred to each individual homeowner. 
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West Salt River Valley sub-basin groundwater problems 

Illustrating the high degree of hydrologic heterogeneity within sub-areas of the AMA, 

one WSRV water manager identified three very different sets of conditions in and around 

his location in just a few sentences: 

There’s a waterlogged area called the Buckeye waterlogged area. The 
problem we have with the water here… The worst drawdown area is up 
at Luke Air Force Base. It’s called the Luke Depression, the Luke Cone, 
the Luke Sink. Those are all the terms it’s been called. And the reason 
why it’s a problem there is because there’s a big salt dome underneath 
Luke Air Force Base and when you de-water a salt dome it has more 
catastrophic land subsidence events and aquifer compaction than a 
traditional aquifer. We’re at a good place here. We’re actually recharging 
so much water we’re actually increasing the water elevations here 
(Interviewee 18, municipal water manager, personal communication, 
2015). 

 

In the WSRV, the severe cone of depression underneath Luke Air Force Base referred 

to by the above informant is located just east of the White Tank Mountains (Figure 4.2). 

This area of depletion has substantially altered the flow path of groundwater in the 

WSRV sub-basin (ADWR, 2014). Additional areas of depletion are located along the 

northwest edge of the model boundary and directly northeast of Glendale.  As shown in 

Figure 4.2, the areas with the deepest modeled depths to water by 2108 exist at the 

margins of the model area and around cones of depression in both the East and West Salt 

River Valleys.  Hipke (2010, p. 49) reported “a significant amount of AWS demand that 

did not meet the physical availability criteria for AWS pumping being above 1,000 feet 

bls,” which is evident from the figure. The waterlogged area is located in the green area 

south of Buckeye.  

 
 



	 137	

Figure 4.2. Projected depth to water in the Salt River Valley by 2108 under medium 
scenario based on ADWR groundwater modeling. Note that by 100 years a number of 
grid cells exceed the statutorily allowable depth to water of 1,000 bls and that a number 
of them went “dry” in the model. Figure adapted from Hipke (2010, p. 40). 

 

 

East Salt River Valley sub-basin groundwater problems 

 A modeling study focused on the East Valley was conducted by ADWR for the 

East Valley Water Forum (EVWF) planning group. This study projected 100-200 feet of 

water table decline throughout the East Salt River Valley from 2002-2100 under a 

“business as usual” scenario in which water managers continue to follow their individual 

plans without regional collaboration (EVWF, 2007; Hipke, 2007) (Figure 4.3). Long term 

water table declines were projected to occur in some parts of the sub-basin even in a 

scenario in which recharge and pumping were balanced (Hipke, 2007). The ESRV has a 

number of groundwater recharge facilities, but these may not be adequate to mitigate the 
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Figure 22.  Scenario 2 - Depth to Water (DTW) of Layer 3 for the year 2108. 
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negative effects of expected rates of groundwater pumping: 

The amount of groundwater in certain areas of the sub-basin is relatively 
limited. Recharge in the Granite Reef Underground Storage Project and 
the Superstition Mountain Recharge Project at the current permitted 
capacity alone cannot fully mitigate the detrimental effects of pumping. 
Without additional recharge within the area of hydrologic impact, direct 
delivery of surface water to replace pumping in such areas, or moving 
groundwater pumping to areas where recharge (expanded to meet such 
pumping) can offset such pumping effects, detrimental effects of 
pumping will increase and expand to other areas of the sub-basin 
(EVWF, 2007, p. 9).  

 

 

 

Figure 4.3. Projected changes in water level in the East Salt River Valley by year 2100. 
Adapted from Hipke, 2007.  

 

 

 
Figure 12. Base Case Scenario Water Level Change from 2002 to 2100 - represented by change in color.
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 In addition to long-term water table declines, studies note the development of 

cones of depression in the eastern side of the sub-basin and the continued expansion and 

decline of existing ones (EVWF, 2007; Hipke, 2007) (Figure 4.4.). The Granite Reef 

Underground Storage Project recharges surface water into the sub-basin, but the 

maximum recharge volume was not anticipated to be sufficient to eliminate one of these 

cones of depression under any scenario modeled for the study. Four areas of subsidence 

and earth fissuring have also been identified within the East Valley sub-basin (Rascona, 

2005). 

 

Figure 4.4. ADWR projection of depth to water by 2100 and locations of major cones of 
depression in the East Salt River Valley. Adapted from Hipke, 2007.  

 

 

 

 
Figure 10. Base Case Scenario Depth to Water map for the year 2100.
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4.3. The issue of uniform regional management goals 

Reports and interviews evaluated for this study were clear about two key things 

about these groundwater problems in relation to the management goals. The first is that 

because the safe-yield goal is calculated based on inputs and outputs AMA-wide, 

problem or “critical” areas may persist even if the goal is achieved. Calculating 

compliance at the scale of the entire AMA allows for a wide variety of hydrologic 

conditions to exist at any given time, even if safe-yield is achieved. Thus, a fundamental 

issue lies with the management goal itself (or at least its implementation) and how 

compliance with it is determined. 

 Second, an important factor allowing dewatering of aquifers is the mismatch that 

is allowed to occur between areas of withdrawal and the location where surface water is 

replenished. According to the study conducted for the EVWF on the East Valley 

referenced above: 

The amount of groundwater pumping projected to occur in the eastern 
portion of the sub-basin exceeds the amount of water projected to be 
recharged in the same area. Under the S1 “business as usual” scenario, 
some eastern portions of the aquifer could be significantly dewatered 
over the long run. Accelerated groundwater declines could occur even 
though that groundwater use is allowed under the Groundwater 
Management Code and permitted by ADWR. (emphasis mine). 

 

Further, the EVWF implicated the CAGRD as an enabling entity for this 

unsustainable groundwater pumping: 

Because pumping groundwater is normally cheaper than building surface 
water infrastructure, a potential unintended consequence of the CAGRD 
is the creation of a financial disincentive for new growth to occur on 
direct use of renewable surface water supplies. The norm for 
development east and southeast of Apache Junction, Mesa, and 
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Gilbert is near-total dependence on groundwater through 
membership in CAGRD. This has resulted in a disincentive for 
water providers to seek out their own surface water allocations to 
meet management goal requirements of the assured water supply 
program, and they have relied heavily upon the CAGRD to meet 
such requirements. While developments have demonstrated a 100-
year supply of groundwater available under the ADWR assured 
water supply program, the groundwater pumping creates 
groundwater declines in the aquifer (EVWF 2007, p. 9). 

 

A farmer in the West Valley had this to say about the issue: 

And what happened then under those assured water supply rules shortly 
thereafter, well, then they also adopted the…Central Arizona 
Groundwater Replenishment District. So what did that do? That said, 
well, somebody that wanted to put a subdivision on land that’s never had 
any kind of water use on it, they could go do it. They could go drill a 
well. If they could find any water there that could reasonably supply for 
some period of time, they were allowed to develop that. And even if it 
means piping it away from an area that might even have pretty slim 
groundwater supplies. As long as they would then purchase the credits, 
the replenishment credits, and that’s where the law was really flawed 
in that it’s AMA wide. And so you could have a development out here 
next to the White Tank Mountains [in the WSRV], which we actually 
have, that’s pulling water out of a very thin aquifer over there that ag has 
been loath to drill into for years because it’s so thin and yet they can buy 
their replenishment credits out in (…), the facility clear over in North 
Mesa [in the ESRV] which the areas are not hydrologically connected at 
all and so that’s why you see some of those pockets of overdraft AMA 
wide…  (Interviewee 19, farm owner, personal communication, 2015). 

 

This respondent also pointed out that these “pockets of overdraft” can occur even though 

the Phoenix AMA may currently be in safe yield: 

…we believe that we may actually be in safe yield. Here again, it could 
move in and out but the numbers show us that with the replenishments 
and the natural…what they think the natural recharge and the usage is 
that we may very well be in safe yield. 

 

Another interviewee spoke to the problem in reference to the creation of new 
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subdivisions in the West Valley without surface water connections: 

So you’ve got to show physical availability to be able to pump 
something and then the [CAGRD] will then replenish hopefully 
somewhere in the vicinity of where you’re pumping that makes sense but 
a lot of it’s not occurring in the vicinity. So you have those areas become 
potentially some future groundwater depleted area or may already exist 
as a depleted area  (Interviewee 18, municipal water manager, personal 
communication, 2015). 

 

One city water manager was also highly concerned about the hydrologic consequences of 

groundwater replenishment on an AMA-wide basis via the CAGRD: 

Interviewee 20: the legislation that created the Central Arizona 
Groundwater Replenishment District is a gaping hole you could drive a 
truck through and it allows what I believe are very unsustainable aquifer 
management practices. Basically in this basin you’re allowed to pump 
groundwater, physically pump groundwater and not replenish that 
groundwater within… 

ZS: What, three years? 

Interviewee 20: Well, that but also just physically… You can recharge it 
50 miles away. There’s no hydrologic connection between those two 
activities. So of course what we’ve seen are regional cones of depression 
in the aquifer because we pump too much from one area and don’t 
replenish in the right places. 

Interviewee 20: …if you’re a city that is close to the [CAP] canal, you 
can get easy access to surface water. Well, these cities, Glendale, 
Buckeye, whatever, they’re out in the fringe of the aquifer. They do not 
have easy access to the canal. Glendale managed to get access to the 
canal ‘cause they’re further north…. But these cities down here [in the 
southern part of the West Valley], they don’t have physical access to the 
canal. Getting physical access to the canal, as you can imagine, is 
extremely expensive. So what you see in these areas and also out in these 
areas and other areas is these people are just pumping and then 
“replenishing”. … So what you tend to get are cones of depression on 
the fringe of the aquifer and if you know anything about aquifers 
you know that that’s the last place you want cones of depression 
‘cause that’s where the aquifer is most vulnerable. It’s not as deep, it 
doesn’t recover as quickly. So yeah, you get important cones of 
depression all along the fringes of the aquifer. 
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Interviewee 20: “The problem with recharge is, well, there’s a lot of 
problems with recharge. One is we don’t know for sure how well it 
works. We think we do and we have various measurements that show us 
it has some efficacy but as you well know, a lot of what happens 
underneath the ground is still relatively unknown to science (Interviewee 
20, city water manager, personal communication, 2015).  

 

A different West Valley water manager discussed the implications of this situation, 

arguing that the dewatering of thinner parts of the aquifer on the “fringes” would 

eventually turn these communities into water importers.  

You have people moving to or cities that were created on aquifer fringes 
or in areas where there’s very thin aquifer material and what are they 
going to do, they’re going to dewater it and that’s going to become your 
future red zones where you don’t have the water supplies needed. And so 
they’re going to be in the water transportation business. Those spots will 
eventually hopefully work themselves out because when they dewater 
those areas, they’re going to have to then import water from 
somewhere else and hopefully that imported water will be 
renewable. So what are they going to do? They’re going to use the 
renewable water versus groundwater. So all the wells are turned off 
now ‘cause there’s no more water to pump in those fringe areas. 
They’re importing water and a perfect example, Scottsdale. So they have 
areas where they dewatered the aquifer. Well, Scottsdale’s using CAP 
water and then what they’re doing, they’re taking the reclaimed water 
that they’re producing from the 40 percent they get back from their 
sewer collection system and they’re trying to reinject that…inject that 
back into areas that have been diminished in groundwater supplies. So 
that’s the eventuality of what’s going to happen in those areas. Will they 
ever be able to get it back? Probably not. But it does provide…once they 
become dewatered, they’re going to have to import water. But 
you’re always going to have those, it’s just cities build before they 
understand or have built historically without having the knowledge 
that is this a good idea or not. (Interviewee 18, municipal water 
manager, personal communication, 2015). 

 

Despite his critiques, this manager still felt that having a single goal that applied AMA-

wide was a good thing and that it did not preclude strategies to deal with dewatered areas. 

His comments are representative of some water managers and experts I interviewed: 
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I think having one goal over one area regardless whether it’s a micro 
evaluation which I think in some degree goes on or it’s a bigger area, 
you’re still going to have areas where you have a lot of recharge 
occurring and areas that are being over withdrawn. It basically comes 
down to accounting I think. (…) I think you can come up with a program 
that could actually balance these areas that are being over drafted and try 
and mitigate those through an incentive program and I think that had 
great traction but the department didn’t have the staff to implement it as 
a new policy (Interviewee 18, municipal water manager, personal 
communication, 2015). 

 

The counterpoint view was also expressed by a number of informants, and is illustrated 

by this expert: 

The rule making process at one central location, sort of the same model 
you see at the federal level where you really have difficulty making one 
size fit all. Local circumstances are so different. And yet you have one 
state agency that has to operate on one set of rules based on their best 
approach to implementing the statutes (Interviewee 23, personal 
communication, 2015). 

 

Repeated recognition of the need for regional planning and critical area management 

 It is important to note that these issues are not particularly recent or new. As far 

back as the Third Management Plan, released in 1999, ADWR recognized the existence 

of serious groundwater issues within the AMA and the need for “critical area 

management”: 

There is growing consensus throughout the AMA that there is a need to 
separately address serious water management problems in specific 
geographic areas of the AMA. Hydrologic conditions vary widely within 
the Phoenix AMA, ranging from the waterlogged, southwest portion of 
the AMA to areas of severe overdraft, such as portions of the Carefree 
Subbasin. Land subsidence, earth fissures, and resulting aquifer 
compaction due to water level declines have been documented in 
numerous areas of the AMA. Water supply reliability is a concern for 
most municipal water providers in these areas, as well as for 
homeowners using their own domestic wells and industries using their 
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own wells. Groundwater model projections made by the Department 
have identified areas of the AMA that, although are not demonstrating 
current problems, are expected to experience severe problems in the 
future if they continue to rely on groundwater. Access to renewable 
water supplies is not uniform throughout the AMA.  To address the 
variety of water-related concerns during the third management period, 
water management tools and processes need to be developed in 
association with local communities to address long-term water issues on 
a subregional or “critical area” basis  (ADWR, 1999, p. “12-3”). 

 

ADWR was aware that problems such as localized long term water level declines, 

expanding cones of depression, subsidence, water quality decline, etc. could exist even as 

the larger AMA is technically in a state of safe yield and also pointed this out in the third 

management plan: 

“It is recognized that as safe-yield conditions are attained on an AMA-wide 
basis some areas could be depleted, some areas of active recharge could be in 
surplus, and other areas could achieve a localized balance between the amount 
of water recharged and pumped.” (ADWR 1999, p. “1-4”) 

 

The problem of unaddressed “critical areas” within the AMA was raised again three 

years later in the Arizona Governor’s Water Management Commission. In its 2001 final 

report, the Commission stated that developing some kind of sub-area management 

program was a “key concern of many” of the 49 members of the Commission and that 

“[t]here was general agreement that managing sub-areas or critical areas was a significant 

issue” at the Commission’s retreat in April 2001.” They stated the cause for concern:  

Because the management goal of each AMA (except for Santa Cruz)40 is 
                                                
 
40 As the Commission report stated (2001, p. 4): “The Santa Cruz AMA goal of preventing long-term 
declines in local water table levels provides the means to deal with “sub-area” issues and physical water 
supply conditions, which does not exist in the other AMAs . . . Management of the water levels is an 
important objective due to the desire to protect the surface water flows and riparian habitat along the river 
while maximizing available supplies . . .” 
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to be achieved on an AMA-wide basis, the concern was raised that the 
current programs developed to meet these goals do not provide adequate 
protection or sufficient management tools to prevent, mitigate, stabilize, 
and/or repair the localized sub-area problems that exist today or may 
arise in the future (GWMC, 2001, p. 73). 

 

Two approaches for addressing this issue were considered by the Commission. 

One was the designation of “critical areas” within the AMAs where some specific 

groundwater issue existed.  Under this approach, “‘critical areas’ would be specifically 

identified and then programs developed and implemented to provide heightened levels of 

water management. For example, a potential new program might limit issuance of new 

withdrawal authorities within the boundaries of certain critical areas.” (GWMC 2001, p. 

73) 

The Commission also considered what they referred to as a “safety net” approach, 

which would consist of adding “conditions to current AMA wide programs that seek to 

prevent or mitigate particular localized problems.” The Commission stated: 

…under a safety net approach, current or future AMA wide programs 
might, through inclusion of specific criteria, address more localized 
concerns. Two current examples of the safety net approach were: 1) 
restrictions on recovering water stored outside the area of hydrologic 
impact of a recharge project if the regional water levels declines already 
exceed four feet per year; and 2) assured water supply physical 
availability requirements that sufficient groundwater must be available 
above a depth of 1,000 feet for 100 years to qualify for an assured water 
supply by joining the CAGRD  (GWMC, 2001, p. 73). 

 

Despite the recognition of the need for some kind of program to deal with “local” 

issues not addressed adequately by the management plans, the Commission was unable to 
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reach any agreement on how to recommend going about it. The critical area approach 

was opposed by some members over concerns about “the adverse impacts on the value of 

land, potential legal implications, and the stigma that could become attached to areas 

identified as critical” (GWMC, 2001, p. 74). 

Three years later, the 2004 report of the Arizona Town Hall pointed out that the 

issue had yet to be resolved: 

Safe-yield is an AMA-wide goal based on total inflows and outflows to 
the basin, a water budget balance that does not prevent over-pumping 
within localized areas in the AMA if they are offset by groundwater 
storage elsewhere. These localized groundwater problems can have 
significant impacts, such as subsidence of the ground or dewatering of 
surface flows. The Governor’s Water Management Commission 
discussed this topic in detail, but no resolution was proposed (University 
of Arizona, 2004, p. 92). 

 

Four years after the Town Hall report, a study by Megdal et al. (2008) was 

released near the end of the third management plan period. It is important for indicating 2 

things: (1) stakeholders, not just ADWR, recognized the need for some kind of long-

range, sub-AMA water planning beyond what ADWR could facilitate through the 

management plans, and (2) despite ADWR’s recognition of the need for critical area 

planning, no significant progress had been made by that point in the third planning 

period. According to the authors, many of the participants felt that the management plans 

were not “roadmaps to achieving statutory management goals,” but rather “regulatory 

documents with embellishment around the edges.” (Medgal et al., 2008, p. 35). They 

concluded that respondents felt that “the Third Management Plans acknowledge the need 

for critical area management in all of the AMAs but lack the capacity to undertake it in a 

meaningful way” (Medgal et al., 2008, p. 36). 
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Their findings also suggested that ADWR is not necessarily the best avenue for 

conducting planning and critical area management: 

While ADWR may seem like the logical entity to facilitate long-range 
planning, there are several things to consider. First, planning of the type 
envisioned by many of those interviewed goes beyond what has been 
included to date in management plans. This type of planning would have 
to incorporate the individual plans of water providers and large users, 
much like a regional transportation plan must include planning elements 
at the discretion/choice of the local entities. It would require sufficient 
levels of trust so that individual users/ providers would willingly share 
information not normally reported to ADWR. It would necessarily 
require that data collected by ADWR be available in a useful format. It is 
likely some shared governance or oversight of the process would have to 
be agreed upon (Megdal et al., 2008, p. 38). 

 

One of the perspectives elicited by their study was that the development of a long-range 

water planning process would naturally lead to an increased focus on critical area 

management, as had been identified by ADWR in the Third MP; noting the differences in 

hydrologic conditions in the East and West Valleys of the AMA (Megdal et al., 2008).  

Several years later the issue was again raised, this time in a slightly different way 

by the Arizona Water Resources Development Commission41 (WRDC) (2011) study and 

especially its 2012 supplement report, which focused on a proposal for the creation of 

regional water augmentation authorities. Their report stated: 

The WRDC has concluded that there will be future water supply-demand 
imbalances in the state and that water supply and infrastructure projects 
will be needed. Members have reached consensus that formation of 
Regional Water Augmentation Authorities (RWAA) should be 
authorized and that RWAAs cannot be formed pursuant to any existing 

                                                
 
41 The Water Resource Development Commission was established by the Arizona Legislature in 2010 via 
House Bill 2661. 
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statutory framework (WRDC, 2012, p. 1). 

 

However, the RWAAs would be created primarily for the purposes of coordinating water 

supply projects and would not serve as regional planning entities more broadly. They 

were not proposed as a way to address local groundwater problems other than by 

increasing the utilization of surface water supplies. In other words, they were conceived 

mainly as supply management entities, not for demand management. Nonetheless, the 

WRDC had recognized yet again a major need for regional coordination of water supply 

planning, including within the AMAs.  

 In response to the WRDC’s conclusions, Arizona House Speaker Tobin introduced 

a bill in 2013 to allow the creation of RWAAs in order to pool communities’ financial 

resources together to address water supply imbalances. The bill was supported by urban 

interests such as AMWUA, but ran into opposition from farming and ranching groups. 

Opponents of RWAAs argued the bill had a “lack of accountability, oversight and what 

appears to be extensive power of the augmentation authorities, which would not be 

overseen by an elected board” (“Tobin,” 2013). More generally, these groups were 

concerned that the creation of RWAAs with the power to buy, sell, lease, and exchange 

water and develop water infrastructure would facilitate a potential “water grab” by 

Central Arizona cities (Metropolitan Domestic Water Improvement District, 2013).  

 By that time, Arizona was technically 3 years into the fourth management plan 

period (2010-2020), although the actual management plans were far behind schedule. 

Some of the official comments that were collected in 2012 in the early stages of the 
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development of the Fourth Management Plan42 were based upon an understanding that 

the documents would be more like actual plans instead of regulatory documents as they 

had been in the past, in response to the kinds of sentiments expressed in the Megdal et al 

(2008) study.  

Some of the published comments are illustrative. Although Western Resource 

Advocates (2012, p. 2), wrote specifically in reference to the Prescott AMA, the 

comments are broadly relevant to all three safe yield AMAs: 

WRA recommends that the 4MP, envisioned by ADWR to be more “a 
plan” to achieve safe-yield, thoroughly evaluate and recommend 
additional mechanisms to move the AMA to safe-yield. Ideally, this 
evaluation would be the starting point for a local/regional 
cooperative water resource planning process that could build from the 
work of the Safe-yield subcommittee and others and result in 
implementable and effective actions.  

 

In comments by Joanna Nadeau on behalf of the Water Resources Research Center at the 

University of Arizona stressed the “[i]mportance of planning and cooperative water 

management” and also suggested the development of a “sub-area management program” 

to deal with unresolved groundwater issues within the AMAs: 

If the 4MP is envisioned as “a plan” to achieve the safe-yield goal, it 
should contain a planning chapter that includes evaluation of AMA 
conditions and recommendations of what potential actions are needed. 
Ideally, this chapter would serve as a starting point for a local/regional 
cooperative water resource planning process to develop 
implementable safe-yield strategies. To ensure its inclusion, the 
Department should initiate a cooperative process and provide technical 
support to communities within the AMAs. The plan would also benefit 
from development of meaningful new regional approaches to 
address overdraft that could include strategic groundwater 

                                                
 
42 Published comments on the Fourth Management Plan from various user groups collected in 2012 are 
available at http://www.azwater.gov/AzDWR/WaterManagement/AMAs/FourthManagementPlan.htm    
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recharge, dedication of a portion of recharge to the aquifer, and a 
sub-area management program to address environmentally sensitive 
areas, areas of rapid groundwater decline, and other management 
objectives.  

 

Following this series of reports and comments, the ADWR stated in its 2013 annual 

report that it was changing its general approach to the management plan for the fourth 

period: 

ADWR will approach the Fourth Management Plans more as Plans for 
success, rather than a document that simply identifies the statutory 
requirements for the primary water using sectors. In this Plan, ADWR, in 
cooperation with regulated communities and the public, will build on 
past successes but recognize that additional observations should be 
considered, including:  

Continue discussions regarding the AMA goals and the implications to 
the State of not reaching them.  

Consider different approaches to water management among the AMAs, 
recognizing local conditions, economic, and community values. � 

Address the limitations of the Management Plans and underlying 
authorities as we determine what course of action to follow.  

Recognize sub-area issues and consider alternative management 
strategies to address areas where groundwater conditions are positive and 
where conditions are negative.  

Develop, in cooperation with local water users and other water resource 
entities (CAWCD, AWBA, CAGRD, etc.), a long-term water 
management strategy, tailored to each AMA, identifying specific actions 
and resources that will be required to accomplish this strategy (ADWR, 
2013, p. 18). 

 

Unfortunately, as of this writing (2016) the Management Plans for the fourth planning 

period 2010-2020 have not been completed, so the extent to which these concepts have 

been incorporated into them is undetermined. Over 15 years after ADWR pointed out the 

need for sub-area management in the Third Management Plan for Phoenix AMA, there 
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remains a need for a broad, coordinated regional planning system or sub-area programs.  

However, a couple of regional planning entities have emerged since the late 1990s and 

early 2000s.  In the West Valley, WESTCAPS consists of municipal CAP subcontractors 

who organize to realize economies of scale with regard to infrastructure, in collaboration 

of the U.S. Bureau of Reclamation. They know that they will eventually have to get 

“renewable” Colorado River water physically out to their various groundwater-dependent 

communities, even those with CAGRD membership.   

One city water manager in the WSRV spoke to WESTCAPS in relation to the 

expectation that WSRV cities will inevitably need to develop surface water infrastructure 

to import new water supplies for industrial growth: 

I can tell you that I think all the West Valley cities are trying to take a 
more aggressive approach. I’ve been in the know, very proactive in 
trying to get in a regional group called WESTCAPS, West Valley’s 
Central Arizona Project Subcontractors. It includes Phoenix and 
Glendale, that’s all the West Valley cities and it has three private water 
utilities as members so it’s about up to 12, 13 members. 

We gave a second annual leader’s summit and we told all the elected 
officials–mayors and council members of all the cities in the West 
Valley, ‘You’re 700,000 acre feet short in the West Valley. That is 
almost half of a CAP project. So CAP at today’s dollars would cost $60 
billion. We need to be all in this together because we can’t go out and 
find our own water by ourselves. If some city thinks they’re going to 
go out there and find…do a water grab and have it all for 
themselves, that’s a billion-dollar project.’ I can tell you there’s no 
city capable of doing that in the entire West Valley. (…) But if we’re 
not all in it together, this West Valley will be similar to the East 
Valley. They have winners and losers. If we’re all in it together and we 
all build the authorities and the financial mechanisms to partner with the 
federal government, we will succeed in creating the efficiencies we need 
and the water supplies that we need to import into this West Valley and 
we can all be successful. But both things have to happen. We can’t just 
go out and buy water and be status quo because we need too much water.  

We have to increase overall this entire region, create a policy-driven 
organization that can create policies that get adopted by all of those 
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jurisdictions and a governance authority that understands that along with 
a finance organization that can implement either taxes or fees or various 
things to finance these regional economy of scale projects that are going 
to be a billion dollars. But the population in the West Valley is 1.3 
million people today west of I-17. It will be…the population will be I 
think by 2050 or 2060 I think it was five and a half or six million people. 
It’s a major area. Where’s all the big tracts of open land right now in the 
entire Phoenix metropolitan for big industry to come? West Valley. 
We’ve got no water. Perfect. We get approached by all these companies 
that want… ‘I’m looking for 500 acres, looking for 300 acres,’ all these 
big industrial contractors. Plenty of land but no water to go with it. 
(Interviewee 18, municipal water manager, personal communication, 
2015) 

 

This informant also explained that WESTCAPS seeks to develop into a more 
formal organization instead of merely an agreement between the various 
municipalities: 

So the time to act is now and we’re trying to convince…we’re trying to 
change the organization from…it’s a multi-party agreement into a 
501C4, become bona fide and have the ability should a new law or 
statute be created which has been contemplated twice and failed like the 
Andy Tobin bill to create those regional authorities to seek the revolving 
fund money. They were going to put $30 million in to either buy water 
supplies or build water infrastructure projects.   

 

 There is something of a counterpart entity in the East Valley, the East Valley 

Water Forum (EVWF). The EVWF was established in 2001 and consists not only of 

municipal water utilities, but also the Salt River Project, several irrigation districts, and 

Native American tribes. It also does not include formal representation from 

environmental or conservation groups. On the other hand, it has facilitated groundwater 

modeling and more long-term water planning for the East Valley, including the scenario 

planning efforts cited previously.  
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4.4. Limitations of a centralized funding model 

 Another problem with the centralized model identified by interviewees is 

ADWR’s heavy reliance on the state legislature for funding. The governance regime is 

highly reliant on the ADWR, which performs all the major administrative functions 

required to administer the AGMA and its incredibly complex body of rules, regulations, 

and program. Consequently, the effectiveness of the AGMA is largely contingent on the 

political vagaries of the state budgeting process. Between 2008 to 2011 ADWR’s budget 

was slashed by 70%, full time staff were reduced from 235 to just 95, entire programs 

were eliminated, and the local AMA offices were closed indefinitely  (Morrison Institute, 

2011, p. 22). One veteran water policy expert felt strongly that this was the most 

important limitation of the Arizona model: 

In terms of Arizona the biggest challenge I see with the centralized 
model, number one is legislature directly appoints the director and funds 
the department. Now there are fees for different things but basically it is 
a legislative appropriation that funds the department. So when the 
government revenues begin to decline and they start cleaning out staff 
and they start looking for revenue, the Department of Resources has a 
pretty poor history of surviving the process. Their staff now, I can’t tell 
you exact numbers, 90 something maybe … a little more now. ...And it 
was 360 something at one point and they just got hacked. And when you 
look at what their responsibilities are, there’s just not enough manpower 
to get it done. So that’s the one drawback right there is that you 
just…you can’t escape the legislative process which is highly political. 
And that influences efficiency of the organization by determining what 
your manpower is going to be and what your funding is going to be. And 
even when you have funds … the legislature can come through, do 
what’s called a sweep and take those funds away from the department, 
which has happened also. So for example there was a certain amount of 
money appropriated for the Arizona Water Banking program and that 
money was swept, taken by the legislature to use for other things so they 
weren’t able to store additional water. … But the bottom line is it affects 
the mission of the department. It affects the morale of the employees. It 
affects their ability to retain and their ability to hire new talent. So it’s a 
challenge (Interviewee 23, personal communication, 2015). 
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Another negative effect of the funding problem is that ADWR is unlikely to support 

any legislation that would increase its administrative workload. An example is the 

proposal that would have created an incentive program to encourage replenishment of 

groundwater close to areas of withdrawals. The proposal was referenced by one water 

manager:  

ZS: I understand [the incentive program] never made it to an actual bill. 

Interviewee 22: Correct. The department dropped it. They didn’t lobby 
it. It needed to be a department driven bill. 

ZS: They have to spearhead it. 

Interviewee 22: They were going to be the ones that regulate it, yeah. 
They just did not have the manpower to regulate that and they don’t have 
the finances or the ability to hire new FTEs right now for the budget so 
they said this is a no win for us right now so they just put it on the shelf. 
Hopefully they’ll get the funding someday and we can pull it back off 
the shelf and look at it (Interviewee 22, personal communication, 2015). 

 

 Another negative consequence touched on earlier is the significant delay in the 

release of management plans by ADWR. The gap between management plans is 

supposed to be 10 years. Plan 3 was released in 1999 and covered the period 2000-2010.  

Plan 4 was supposed to cover 2010-2020 but as of summer 2016, none have been 

released. The fact that ADWR is 6 years late on the 4th management plan means that 

several years have passed without any major developments in regional planning.  

  Another funding issue relates to the AMA offices. A.R.S. 45-418 requires the 

ADWR director to appoint an area director “for each active management area” (emphasis 

mine). It also states that “[f]or reasons of economy and efficiency in administration, one 

person may be the area director for more than one active management area.” Following 
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the budget cuts described above, AMA offices were closed indefinitely and there has 

been only 1 director for all 5 AMAs. This is less of a problem for Phoenix AMA residents 

since they happen to be the sole AMA with the ADWR headquarters located within their 

region. But for those in Pinal AMA, it is more prohibitive. Interviewees explained why 

this is an important problem. One informant felt that the closure of the AMA offices had 

a negative effect on stakeholders’ connection to the ADWR: 

Interviewee 23: … they used to have offices in each [AMA]. They 
consolidated all those in Phoenix and I think that was the problem ‘cause 
it distances you from the stakeholders in the most intensely managed 
areas of the state.ZS: Can you say more about why you think that’s 
problematic? 

Interviewee 23: … Let’s just go to the average farmer for example down 
in Pinal County who’s got a challenge to his annual report, he’s got 
questions. He has to call, email, drive into Phoenix where he used to be 
able to just drive a couple miles, go sit down with staff who knew 
intimately what was going on in the environment that it’s working in and 
could relate to the issues and sort of be an advocate for him in terms of 
helping him get accomplished what they have to get accomplished  
(Interviewee 23, personal communication, 2015). 

 

Another longtime Arizona water policy expert expressed a similar sentiment: 

The only drawback [of the Arizona centralized model] is that you don’t 
have… Let me back up. We tried to address the sort of local issue 
through the creation of staff for each active management area. So we had 
an office originally in each active management area with its own staff 
and with a groundwater users advisory council for each active 
management area and that was the best of both words because what 
you had were people on the ground in the local community that the 
farmers or the cities or whatever could come and talk to and work 
on issues and work them up the chain. With the budget cuts that 
happened after 2008, all of those offices have been eliminated. So I 
would say that’s a drawback. I think that was a strength. I think it was 
helpful in getting buy in from local areas (Interviewee 22, personal 
communication, 2015). 
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Another interviewee pointed to another implication of the reliance on the state legislature 

for effective water management, arguing that the lack of funding was actually running 

counter to the urban growth-oriented economy of Central Arizona: 

And why not fund the department. They sweep the funds. … If you look 
at any city or town in incorporation of the state of Arizona…a 
corporation of the state of Arizona, what is the number one priority of 
[city name omitted] as a corporation subdivision based in the state of 
Arizona? We have priority one and then we have priority two. There’s 
only two main priorities in this entire city. Number one priority is 
entitled land. So that’s our number one priority and the reason why you 
incorporate in Arizona is to further enhance the entitlement of lands43.  

(…) The second priority is, now that you have entitled land, it’s 
providing the services to the land. So they go out and go vertical and 
now you’re providing the fire, the police, the recreation, all those 
services, the utilities, water and sewer. That’s your priority two. But 
here’s the problem I see. In priority one what’s required in the state 
of Arizona if you’re in an active management area? Water. You 
can’t entitle unless you have an assured water supply. That’s 
priority one. Well, look at the Department of Water Resources. It’s 
been totally dismantled, it’s financially been stripped and 
that’s…the priority of this state, number one priority is entitlement 
of land and yet they stripped the Department of Water Resources to 
govern the good use of water to ensure that the state can meet its 
entitlement needs. It makes no sense to me. It’s cutting off their nose to 
spite their face. Black and white and it’s unbelievable. So when they do 
that, I just go, that’s a sign of lack of leadership in the state. They 
don’t understand the importance of water (Interviewee 18, municipal 
water manager, personal communication, 2015). 

 

 

4.5. Participation in groundwater planning 

 Participation is another key aspect of groundwater governance. The main forum 

for participation in groundwater issues in each AMAs is the Groundwater Users Advisory 

                                                
 
43 Entitlement here refers to the legal right to develop land for a particular use. 
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Council (GUAC). The GUACs are five-member groups appointed to six-year terms by 

the governor “to represent the users of groundwater in the active management area and on 

the basis of their knowledge of, interest in and experience with problems relating to the 

development, use and conservation of water.” (A.R.S. § 45-420).  Their primary function 

is to “[a]dvise the area director for the active management area, make recommendations 

on groundwater management programs and policies for the active management area and 

comment to the area director and to the director on draft management plans for the active 

management area before they are promulgated by the director.” (A.R.S. § 45-421). In 

other words, they serve in a strictly advisory capacity to ADWR and have no formal 

authority. One interviewee described the GUACs this way: 

…the function of the Groundwater Users Advisory Council is to get input and 
send their concerns and recommendations to the department but the director still 
has the authority to decide ultimately what’s going to happen. So there’s very 
little authority in the User Advisory Council. It is an advisory council. But, at 
least it’s boots on the ground in the local area  (Interviewee 23, personal 
communication, 2015). 

 

The GUACs hold regular meetings in which they take public comments, hear 

presentations from members of different water-related organizations and interests, discuss 

groundwater issues, and provide information to attendees. GUACs are the main venue for 

the public to provide input on the development of groundwater management plans, 

though ADWR has also held public meetings in the AMAs to solicit public input at 

different points during the development of the 4th Management Plan (ADWR, 2013). I 

attended meetings of the Pinal and Phoenix GUACs during 2015. These meetings were 

held during the workday when most members of the interested public would likely be 

unable to attend.  
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GUACs are not policy makers or regulators, though they can and have developed 

policy proposals for consideration by the ADWR. They are not a forum for coordinated 

regional water planning. They do not conduct hydrologic studies. Their role is limited to 

providing conveying concerns of AMA stakeholders to ADWR, but ADWR does not have 

to act on their suggestions.  

Formal representation as indicated by GUAC representation is weighted towards the 

major user groups. As of January 2016, the Phoenix AMA GUAC consisted of a CAP 

Board member and representatives for: the City of Buckeye; the Salt River Project; 

Arizona Public Service electric company; and the agricultural sector (ADWR, 2016a). 

The Pinal AMA GUAC is comprised of 2 members involved in “agriculture/real estate”; 

a civil engineer; a land planning consultant; and another private consultant with extensive 

political experience in Pinal AMA water issues (ADWR, 2016b).  

Informants who were highly familiar with the GUACs provided some insight into 

different aspects of how they function in practice. One informant emphasized the lack of 

involvement in the GUACs’ main activity, which is to solicit input on the development of 

the management plans:  

They are sort of the stakeholder group when it comes to dealing with 
rules and recommendations, in some case statutory issues. Most 
significantly they’re involved in the drafting of the management plans. 
But again, that’s such a long drawn out process that at most of these 
meetings it tends to be apathetic. There’s always a few key people 
there and everybody else is just not involved. So there’s a lack of 
local involvement and then … everybody gets up in arms and you get 
lawsuits and hearings and big local meetings where people are 
yelling at the department and screaming that their water’s been 
taken away (Interviewee 23, personal communication, 2015). 

 

A different informant spoke to some of the more informal dimensions of the 
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GUACs, pointing out that their role used to be more substantive in previous years, and 

that they had a positive effect in building trust of ADWR in the regulated communities: 

I think their role used to be a little more robust. I think part of it was a 
trust building exercise between the community and the regulators that 
was not easy to come by, particularly in my case, a lot of my background 
and dealings were with the farmers. But typically in the past they used to 
discuss and vote on how the AMA ... conservation and augmentation 
assistance funds would be dispersed to different applicants. That process 
changed a couple years ago because there was a state law that had 
changed. (…) They still provide input and advice to DWR. They still see 
the management plans as they’re drafted. They still hear… Every fall 
when the State Water Bank is putting together their annual plan of 
operations for the following year it’s something that they see and provide 
comment on. So they’re still a sounding board (Interviewee 17, personal 
communication, 2015). 

 

Although the GUACs lack any formal authority according to the statutes, this interviewee 

explained that they do have some informal agency and power to influence the decisions 

of ADWR. This is illustrated in the following anecdote from the Pinal AMA: 

              ZS: But they don’t have some kind of rulemaking authority? 

Interviewee 17: Not in and among themselves. They do kind of on an 
informal level because you can’t really ignore the state culled [comments 
from the] AMA and expect things to work out very well. For example, 
we changed the assured water supply rules in the Pinal AMA in 2007 
and that was a process that was driven by the advisory council down here 
and a subcommittee that they put together to go look at the way that the 
initial assured water supplies rules worked down here relative to the kind 
of growth that they were seeing at the time… which is when everything 
was still…ZS: …before the [housing market crash] happened. 

Interviewee 17: Yeah and the initial rules actually didn’t really require a 
whole lot of replenishment to the Pinal AMA. So the fear was that all of 
these new subdivisions would come in, use up groundwater, not really 
have to do any replenishment the way that it was being called for in the 
Phoenix and Tucson AMAs and then one day you’re going to be short on 
groundwater. They looked at that process as a way of forcing new 
growth to kind of bring some water in with them, even if it was through 
the replenishment district. So the rules got changed and basically 
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immediately challenged by the homebuilders.  

ZS: But it was the advisory council who [brought the issue] to the DWR 
and said we want this rule changed? 

Interviewee 17: They drove that process. The whole thing went on for a 
really long time. The last part of it that I think really resulted in some 
things moving was still a two and a half or so year process. But they did. 
They were working with AMA staff. (…) It was really at their 
impetus. It was their meetings. They appointed a subcommittee to go 
look at this stuff. They put together a white paper to the department 
and basically said, we’d like you to change the assured water supply 
rules. Here’s what we see and here’s why we’d like you to do it. The 
department at that point chose to kind of take up the mantle and do 
what they were asking them to do. 

ZS: So it sounds like there is some opportunity for kind of pushing 
DWR. It’s not just one direction. 

Interviewee 17: I don’t think so. I have a prejudiced point of view having 
used to work there but I think DWR was fairly responsive to what they 
were hearing from the public (Interviewee 17, personal communication, 
2015).  

 

However, this same informant also cautioned that not everyone has had as positive 

experiences with ADWR as he has: 

Anecdotally and not me pointing finger because I don’t know but a lot of 
the same people I’m talking to about whatever issue … would say that 
they didn’t necessarily feel as great about their dialogues with those guys 
[DWR]. The feedback I got is they felt that everything was a little more 
stratified, cut and dried, that they didn’t necessarily care as much about 
what you had to say.  

 

It is important to note that these comments about participation are limited to 

groundwater specifically and not water management in Arizona more broadly, which 

interviewees were not asked about.  Other studies have addressed the broader issue of 

participation and found that water policy remains dominated by a handful of 

longstanding, entrenched interest groups (Larson et al., 2013; Megdal et al. 2008).  A 
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recent appraisal of equity dimensions of participation in water planning and governance 

in the Phoenix area by Larson et al. (2013) was largely negative. They found that power 

remains concentrated with a few state agencies and various water providers and 

concluded that “participatory decision making is weak overall” although collaboration 

had begun to increase. In relation to groundwater specifically, their findings were similar 

to one informant’s comments above, in that they found that participation by the general 

public in the management plan development comment periods (presumably via the 

GUACs) was limited.  

The comments of key informants here do not contradict such findings, but rather 

expand or elaborate on them. The GUACs are just one avenue for public participation in 

water governance in general. But again, they are limited primarily to offering advice to 

ADWR on the contents of the management plans as they are developed. GUAC board 

members represent groundwater user groups, i.e., the regulated sectors.  There are no 

representatives from conservation or environmental groups on either the Phoenix or Pinal 

AMA GUACs.  There is no evidence gleaned from my interviews that the GUACs break 

down what Megdal et al. (2008) refer to as the dominant longstanding “policy triangle” 

of Arizona water management (agriculture, industry, cities).  

Interviewees’ opinions of the participation element, which happens primarily 

through GUACs, range from measured favorability to cynicism. The overall impression I 

gleaned is that GUAC attendance and participation is minimal much of the time but 

spikes when some hot button issue arises such as the one described in one informant’s 

anecdote about the Pinal AMA.  In that particular case, the ADWR responded to the 

request of the constituents via the GUAC, indicating that while the GUACs lack formal 
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political power, they can at times exercise some agency and influence with the ADWR.  

 

4.6. Occurrence and nature of groundwater conflicts 

 As explained in chapters 2 and 3, from the 1930s until the early 1980s, formal 

legal conflicts over groundwater rights and usage were fairly frequent and increasingly 

controversial.  Disputes typically centered around property rights issues, e.g., the negative 

externalities of individual groundwater pumping on other users; whether the state could 

limit pumping by closing critical areas off to new irrigation wells; what kinds of 

groundwater transportation were permissible, and finally whether the AGMA regulations 

were constitutional or not.   

Good governance can be said to be marked by either a relative infrequency of 

conflicts, effective conflict resolution, or both. To evaluate this for the Arizona case 

studies, I investigated the occurrence of formal disputes since the last challenge to the 

AGMA’s constitutionality was resolved in 1983.   I looked at (1) civil cases and (2) 

administrative cases.  

 

Civil court cases 

 I conducted a systematic search of the LexisNexis® legal database for Arizona 

court cases with the keyword “groundwater.” I found only a handful of cases dealing 

directly with groundwater that have risen to the level of the Arizona Supreme Court or to 

a Federal court since the two constitutional challenges to the AGMA (Chino Valley v. 

Prescott (1981) and Cherry v. Steiner (1983)).  I highlight three of the more notable 

cases, only two of which involved disputes in the Phoenix AMA. One informant 
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highlighted Cortaro Water Users Ass’n. v. Steiner (1985) as the only “major” 

groundwater lawsuit since Cherry v. Steiner in 1983 (Interviewee 22, personal 

communication, 2015).  The case involved users in the Tucson AMA but had broader 

implications. The dispute involved a challenge to ADWR’s decision to grant permits to 

the city of Tucson for three wells to serve a new development located partially within the 

Cortaro Irrigation District. The Arizona Supreme Court found that ADWR had 

erroneously granted permits to the city of Tucson because the wells were technically 

outside of the city’s existing service area according to the water code. The case clarified 

that cities are not allowed to expand their water service areas by acquiring wells without 

first having an operating distribution system in existence connected to the new area to be 

served.  

  Another notable groundwater dispute is Arizona Water Co. v. Ariz. Dep't of Water 

Res (2004). This dispute involved a private water company operating in the Phoenix 

AMA. As in Cortaro v. Steiner, the Arizona Supreme Court had to clarify the meaning of 

statutory language in the AGMA. The first point of clarification was whether the water 

code gives ADWR the authority to impose groundwater conservation requirements in the 

form of GPCD rules on municipal providers. The court found that it does, because the 

transfer of water from a municipal provider to an end user qualifies as a “use” of water 

per the AGMA. The second point of clarification was whether ADWR must also first 

impose conservation requirements on end users. The court found the relevant statute 

ambiguous and so deferred to the ADWR’s expertise on the matter, meaning ADWR did 

not have to impose conservation requirements directly on end users.  

 A third noteworthy dispute is Brady v. Abbott Labs (2006).  The case, decided by a 
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federal court, involved claims of negligence and nuisance by pecan growers in the 

Phoenix AMA whose trees were killed after a nearby company dewatered the aquifer to 

construct a basement underneath its nearby facility. This issue was outside of AGMA 

rules because Abbott Labs had obtained a permit from ADWR for the pumping.  The 9th 

Circuit Court of Appeals applied the reasonable use doctrine and found that Abbott Labs 

was not liable for the damages caused to the Bradys’ trees.  

 Overall, lawsuits over groundwater use have been infrequent in the 35+ years since 

the passage of the AGMA in 1980. Only three major cases dealing directly with 

groundwater-specific disputes were returned by the search of court cases. Two dealt 

primarily with interpretations of statutory language and only one dealt with water rights 

conflicts between individual groundwater users.  

 

Administrative disputes 

 Since 1980, disputes over groundwater involving ADWR are more often resolved 

through administrative channels. Arizona Revised Statutes § 45-871.01(G) requires 

notice by ADWR for a hearing about a contested case. I conducted a search of the 

Arizona Office of Administrative Hearings website44 for contested cases with the word 

"groundwater" in them and involving ADWR.   

 The search returned 23 decisions that dealt materially with a groundwater related 

issue. These cases occurred between 1999-2016 (1999 was the oldest year that could be 

searched). These decisions were contested administration rulings that escalated to state 

administrative hearings court where they were decided by a judge. 13 out of 23 cases 

                                                
 
44 http://www.azoah.com/search.html 
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(57%) occurred in the Phoenix AMA; none happened in the Pinal AMA. Most of the 

cases (8 of the 13) were instances of a groundwater user failing to file a water use report 

on time. Three cases involved issues related to permitting for creation of underground 

water storage facilities. Another concerned a failure to pay groundwater withdrawal fees. 

In another case, a judge required ADWR to recalculate a municipality’s GPCD 

requirements using different population data.  

 In sum, in the Phoenix AMA there were 13 administrative disputes over the span of 

roughly 16 years. They consisted mostly of minor issues related to failures by users to 

fulfill reporting and fee obligations. Combined with the lack of major groundwater 

disputes in the civil courts, these results suggest that formal conflict over groundwater 

has been largely minimized since the passage and subsequent implementation of the 

AGMA. Since the passage of the AGMA, most of the formal disputes/issues over 

groundwater have been limited to administrative channels.  

 This conclusion is further supported by interviews.  They speak to the uniformity of 

rules as a key factor in minimizing formal disputes. However, informal disputes and 

regional politics remain, but are limited to legislative arena and to interactions with 

ADWR. Interviewees clarified these points: 

Interviewee 22: “With the Groundwater Management Act the rules were 
set in place to kind of say, ‘No more farming other than what’s in place. 
If you go out of business, no new land comes in. And cities, you have 
access to groundwater this way and mines you have access this way.’ 
And so everybody…the ground rules were put in place and I think…if 
anything I think that the effort…the relationships among cities and 
farmers have improved. 

ZS: There’s a lot more clarity. 

Interviewee 22: … And certainty. And that allows people to function 
with more intelligence and more certainty about what will happen in the 
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future, which is what a lot of people want. Cities want it, farmers want it, 
industries want it. They want to know what the rules are so they can 
figure out what they need to do. 

ZS: Without having to figure it out by suing each other. 

Interviewee 22: Exactly….People know what the rules are, the 
department enforces them, the department makes…pretty much is 
making the right calls and its decisions are being upheld. But they’re 
mostly over administrative decisions not over one person just suing 
another person. 

ZS: … it seems like the admin judges tend to side with the agency. 

Interviewee 22: They do. That’s part of administrative law, the agency’s 
finding of fact and position is given deference. Which is also the reason 
why it’s good to have a neutral professional person in charge of the 
agency in charge of water (Interviewee 22, personal communication, 
2015). 

 A city water manager had this to say: 

So there certainly are some conflicts but just so you understand I think 
conflict is a good thing. I think that in the sense that when you bring 
varied perspectives together and then hash it out we tend to get better 
solutions for the long term. There have been conflicts. Most of them 
have revolved around how to sustain and manage the aquifer for the very 
long term and there is kind of a schism between those of us who believe 
that…who are very conservative towards protecting the aquifer, are very 
protective of it and then there are those who are like, ‘You know what, 
water is to Phoenix as oil is to Saudi Arabia, there’s a ton of water down 
there. Whatever impact we’re having is really tiny. [Interviewee], get off 
your soapbox and calm down. It’s fine.’ So there’s a bit of a schism 
between those two camps that tends to play out not so much…it does 
not play out in the legal arena. There’s not lawsuits, there’s not 
crazy stuff like that. It plays out in the policy arena, in the 
conversations with the Department of Water Resources, the 
Governor’s Water Management Commission, those types of venues 
is where that tends to play out (Interviewee 20, city water manager, 
personal communication, 2015). 

 

Another informant with longtime experience at ADWR and in Pinal AMA water issues 

agreed with the above sentiments, but also hinted at the potential for new conflicts to 

proliferate in the future as existing water supplies dwindle: 
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But that’s one thing Big Brother has going for him is he’s Big Brother. 
One of the comments I’ve heard in the last few years is, the big 
overarching reason the Groundwater Management Act went in place was 
so you could get the federal money to build the CAP canal. Well, that 
debt’s nearly paid off now so do we need all this overarching regulation 
anymore? Every time I hear it…I’m like, yeah, I think we probably do, 
particularly when you start to get into situations where we’re going to 
start running short on some supplies is where I think it’s going to be 
really helpful because just… The saying out in the West is whiskey’s for 
drinking and the water’s for fighting. The shorter the supplies get is 
when you’re going to start seeing some more of the fighting. 

Yeah, I think that’s true. I think that’s one of the strengths I’ve seen so 
far is that there’s just been relatively an absence of conflict over 
groundwater since the management act was created, I think because 
everybody…within a certain amount of time everybody sort of accepted 
that, okay, these are the rules, this is how it’s going to be so you don’t 
have people suing each other… 

I think you’re right and I think it’s going to stay that way until you start 
running short on supplies. Unfortunately, I think we’re seeing the leading 
edge of starting to get into some restricting situations regarding the 
supplies. You’re looking at a possible CAP shortage coming up a whole 
lot sooner rather than later. That hasn’t always been true. The last time 
the Phoenix AMA cities had to go through re-designation… The first 
time DWR looked at it, it didn’t work. They had to go change the way 
that they looked at some of the water supplies and were adding them up 
to go make it work. Okay, well, it worked that time. What happens next 
time? I told you just anecdotally for example about some of that land out 
west. I don’t know if you’re going to make assured water supplies on 
that when you go start pumping (Interviewee 17, personal 
communication, 2015). 

 

In sum, this review of groundwater disputes found that only a few have occurred 

since the constitutionality of the AGMA was settled.  Most of them have been resolved 

through the administrative process and they are largely minor compliance issues. The 

survival of the attacks on the AGMA's constitutionality effectively marked a shift in the 

nature of disputes over groundwater in Arizona, at least within the AMAs.  Centralizing 

authority has allowed a relatively uniform set of rules, although they are complex. This 



	 169	

has effectively resolved formal groundwater conflicts among users. Whether certain 

groups liked the Act or not, by moving to a permit system the AGMA did resolve the 

ambiguity about groundwater rights that had previously existed when reasonable use was 

de facto management tool. Which is to say, there really was no coherent management 

strategy. Once the AGMA was in effect after initial constitutional challenges, formal 

legal disputes over the nature of pumping rights were minimized and were replaced by 

grievances with aspects of the policy and actions of the agency. Based on interviewees’ 

comments, informal and possibly formal conflicts over groundwater seem likely to 

increase as water supplies in general become increasingly limited, bringing competing 

ethics of groundwater use into greater tension (i.e., between the more cautious vs. more 

pro-growth camps described by Interviewee 20 above).   

 

4.7. Conclusion 

My review of court cases and administrative contested hearings, plus informant 

comments indicates the centralized model with uniform AMA-wide rules has been 

generally effective at resolving and preventing groundwater conflicts among users, 

especially over groundwater rights. Notably, this has occurred at the same time that 

groundwater overdraft has been dramatically reduced. Additionally, the few 

administrative issues between 1999-2016 have been minor in nature. However, there is 

another part of the explanation besides the institutional arrangements contained in the 

AGMA: there is actually plenty of water due to the addition of the CAP and thus few 

hard tradeoffs have had to be made so far. As one informant suggested, disputes may 
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become more likely as competition intensifies for increasingly scarce renewable water 

supplies in the region. 

I also find that funding remains a problem associated with the centralized 

groundwater management model. One informant even felt it was the most important 

problem associated with Arizona’s model. The ripple effects of a resource-starved water 

agency are numerous; here, informants identified the loss of local AMA offices and the 

reluctance by the ADWR to champion new legislation to address groundwater problems 

if it would increase the agency’s administrative burden, even when it supports a given 

proposal.  

Public participation in groundwater planning and governance occurs primarily 

through the GUACs. Although this study did not include an in-depth analysis of the 

GUACs, anecdotal evidence indicates a lack of participation most of the time, punctuated 

by occasional periods of intense participation when the regulated users are motivated to 

push for policy change by ADWR. This was indicated by one interviewee’s explanation 

of the GUACs successful attainment of changes to assured water supply rules in the Pinal 

AMA.  

Finally, there is little doubt that the AMA-wide goal of safe-yield in the Phoenix 

AMA can be achieved even with numerous long-term groundwater problems and the 

creation of new ones in certain areas where replenishment is either nonexistent or 

ineffective to offset dewatering.   Based on this, the most important and long-standing 

issues in the Phoenix metro region are the twin problems of lack of regional water 

planning and critical/sub-area management. Document analysis and interviews show that 

these have been recognized as problems for at least 15 years and have been repeatedly 
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and consistently pointed out during that time by ADWR, various state water 

commissions, researchers, and other stakeholders and observers. ADWR has proposed to 

address the issue by shifting the nature of the 4th management plan to more of a planning 

document than a regulatory one. It remains to be seen what exactly that will look like.  

 Regardless, a different kind of management plan does not equal actual planning 

or management.  As the primary avenue for public participation, the GUACs seem 

capable of providing advice and oversight of planning efforts but do not seem to be 

appropriate or capable venues for regional water planning themselves. Their duties and 

activities are limited by statute and the members serve on a voluntary basis without pay.  

Consequently, there remains a gap that needs to be filled by regional coordinated 

planning. There have been some attempts to fill it, primarily by WESTCAPS in the 

WSRV and the East Valley Water Forum in the ESRV. Legislation to create Regional 

Water Augmentation Authorities based on the WRDC’s recommendations was 

successfully blocked by farming and ranching interests. Of the two regional water 

planning groups, the EVWF seems to be the most inclusive and has actually developed a 

management plan for the East Valley in 2007 based on hydrologic modeling studies. That 

plan is now nearly 10 years old but it does identify the major groundwater problems that 

still exist within the region and the likelihood of different management practices to 

ameliorate them. The EVWF may serve as a template for regional groundwater planning 

and policy reform. 

 I conclude this chapter with the following quote from a Phoenix AMA municipal 

water manager, which points to my final analysis in chapter 8:   

I don’t see a big push for the next water resource leadership. I don’t see 
the state of Arizona stepping up and saying, ‘We need to fund this 
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Department of Water Resources and it should be the premiere agency 
that is the avant-garde of instituting state of the art best management 
practices and embracing our cities and towns, our incorporated entities in 
the state, and come up with better policies and programs and continue 
the evolution forward in time if we’re going to have a population of 15 
million here by the year 2060. So how do we get there? Where’s that 
leadership? There’s none. Where’s the governor? Yeah, I see this 
Governor’s Job Task Force, see the Governor’s Blue Ribbon Panel. 
Those are great but they become static [and] outdated in a matter of three 
or four years. We need an agency that is the premiere leader with the 
leaders of the water resource folks that are actually taking the state to the 
next millennium and it needs to be how do we get there, how do we more 
efficiently use water, how do we work towards the goals and what 
should those goals even be?  (Interviewee 18, municipal water manager, 
personal communication, 2015). 
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Chapter 5: Patchwork groundwater governance in the San Antonio, Texas region 
 

 
5.1. Introduction 

 
 The previous chapter discussed some of the important limitations of the Arizona 

approach; most importantly the lack of a robust, inclusive, and durable regional 

groundwater planning process and a regulatory apparatus that allows for local/regional 

groundwater problems to exist even if the region is technically in compliance with the 

statutory management goal of safe-yield. In this chapter I turn to Texas as a contrasting 

example. Rather than starting with a top-down system, Texas started from the bottom up, 

but has encountered the same issue that Arizona has, just from a different direction. That 

is, how to achieve a management and planning regime that accounts for the hydrologic, 

ecologic, and socio-economic heterogeneity that exists from the local to the regional 

scale of an aquifer.  

 With that in mind, the goal of my analysis of groundwater governance in the San 

Antonio region is to understand how it is being implemented in practice and to identify 

drawbacks, limitations, and problems with the decentralized governance model. I focus 

primarily on the two neighboring case study districts, but also include relevant discussion 

of aspects of the regional planning process that they both are participants in.  

 
 
5.2. Background: patchwork governance in the San Antonio metro region 
 

In 1990 the Texas Commission on Environmental Quality designated the Hill 

Country region a critical groundwater area. It was re-dubbed the Hill Country Priority 

Groundwater Management Area (HCPGMA) to reflect the new terminology in SB1 after 

1997.  This designation meant that the region was expected to experience serious pressure 
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on its groundwater resources in the coming decades as a result of increasing demands 

associated with urbanization and population growth in the region.  Since then, a complex 

organizational patchwork has developed in the Hill Country region.  

In 1990 there were only 2 GCDs within the HCPGMA boundary (Figure 5.1), neither 

of which lay in the direct path of metro San Antonio’s northwestern 

urban/suburban/exurban expansion through northern Bexar County and into southern 

Kendall County around the town of Boerne45.  

 
It is not shown in Figure 5.1., but at that time the old Edwards Underground Water 

District (EUWD) had administrative jurisdiction over the Edwards Aquifer in Hays, 

Comal, and Bexar counties (and Uvalde and Medina counties until they seceded from the 

EUWD in 1989). The EUWD was dissolved and replaced with the EAA in 1996.  By 

then, the organizational landscape had become more complex. In Figure 5.2, we can see 

the addition of the EAA’s special jurisdiction and several more GCDs in the region. But 

between 1990-1996 only one GCD, the Headwaters UWCD, was added within the 

HCPGMA; the area directly north of San Antonio was still without one.  

 
 
 
 
 
 
 
 
 
 
 
 

                                                
 
45 pronounced “Bernie” 
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Figure 5.1.  Major aquifers and groundwater management entities in the Texas Hill 
Country, 1990. Cow Creek and Trinity Glen Rose GCDs and the Edwards Aquifer 
Authority had not been formed yet. The three aquifers shown (Edwards, Trinity, and 
Edwards-Trinity) comprise the larger, expansive Edwards-Trinity aquifer system which 
extends across much of western Texas as well as north, reaching into southern Oklahoma.  
 

 
 
 

The HCPGMA was “filled in” with new GCDs during the flurry of legislative district 

creation in 1999-2002, increasing the organizational complexity in the region (Figure 

5.3). The HCPGMA is now covered by the Blanco-Pedernales GCD (1/23/2001), Trinity 

Glen Rose GCD (11/5/2002), Cow Creek GCD (11/5/2002), Hays Trinity GCD 

(5/3/2003), and Comal Trinity GCD (6/17/2015) (Figure 5.3). 

The TWDB delineated 16 regional Groundwater Management Areas (GMAs) 

covering the whole state after SB2 was passed in 2001. The two that are relevant to this 
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case study are GMAs 9 and 10. For GMA 9, the major aquifer of concern is the Trinity 

Aquifer. In GMA 10, it is the Edwards Aquifer. As Figure 5.3 shows, most of the San 

Antonio metro area exists within these two GMAs.  Most of the HCPGMA area is 

covered by GMA 9. GMA 10 is largely coterminous with the EAA because of the EAA’s 

large jurisdiction. The EAA does overlap GMA 9, mainly in the area of northern Bexar 

County. This is because the aquifers themselves overlap and are administered by different 

entities. The EAA has jurisdiction over the portion of the Edwards Aquifer within the 

Trinity Glen Rose GCD’s boundary, while the Trinity Glen Rose GCD has jurisdiction 

over the Trinity Aquifer within the EAA’s boundary. After HB 1763 in 2005 (see chapter 

3), all GCDs were required to engage in joint planning at the GMA level in order to 

develop more coherent regional scale groundwater management. More will be said about 

the groundwater planning process below. Here I point out that the creation of GMA-wide 

groundwater planning created yet another layer of organizational complexity. 
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Figure 5.2. Hill Country groundwater management entities as of 1996. Edwards Aquifer 
Authority has been formed, but much of the PGMA still lacks management entities. 
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Figure 5.3. Current “patchwork” of individual groundwater districts and regional 
Groundwater Management Areas (GMAs).  

 
 

 
 Adding yet another layer of administrative complexity, GCDs also are part of 

larger Regional Water Planning Areas (RWPA) created after statewide water planning 

was overhauled by SB1 in 1997. Cow Creek and Trinity Glen Rose GCDs and EAA are 

all part of RWPA L (Figure 5.4.). Region L also includes Bexar County – and thus most 

of metro San Antonio – as well as the smaller cities of San Marcos and New Braunfels. 

Because Region L includes the San Antonio and Guadalupe River basins, its planning 

area extends all the way to the Gulf of Mexico. In this way, the groundwater management 

practices in the Hill Country are linked for planning purposes to downstream surface 

water users.  
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Figure 5.4. Regional Water Planning Area “L.” Source: TWDB (2016) 
 

 
 
 

The relation between GMA planning and RWPA planning is not straightforward, but the 

key things to note for the purposes of this analysis are simply that RWPAs are based 

largely on surface water boundaries and include a broader set of representation than do 

the GMAs, which are focused first and foremost on groundwater planning. RWPAs 
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incorporate the groundwater availability data that GCDs/GMAs use and GMAs also have 

representation on the RWPA groups. One informant helped to clarify the connection 

between them:  

ZS: So is the sort of regional…the regional water planning level is sort 
of higher up in the hierarchy compared to the groundwater management 
areas? 

Interviewee 2: Yeah. The regional planning group is going to be a board 
of 20 or 30 members that are represented from mining, agriculture, 
municipal, they’ll be GMA representatives there. Whichever GMAs fall 
within that region, they’ll each have a representative that has a voting 
place at the table. And there are other categories of user groups and their 
job is to determine WUGs, Water User Groups, populations in the future 
and water use per capita in the future and take what the available water is 
and then throw that into the planning process. Some say that the GMAs 
and the regionals don’t have anything to do with each other. That’s 
not true because the GMAs are represented in the… So it’s a 
representative… They’re represented in the regional water. So there 
is representation–GMA. There is groundwater representation in 
their regional process, regional planning process. (Interviewee 2, 
personal communication, 2014). 

 
 
 
5.3. Groundwater planning in Texas: a “mysterious and unknown quantity” 
 
 As a result of the series of legislative acts during the late 1990s and early 2000s, 
Texas now has a system of regional groundwater planning that takes place within the 
various Groundwater Management Areas.  Because some of the various problems and 
limitations associated with the individual GCDs have implications for the effectiveness of 
the regional planning process it is necessary to first explain the basic elements of the 
planning process. Additionally, it is a poorly understood process by the general public. 
As one informant said 

In the state of Texas, how many people do we have? 20 million. There’s 
like eight people who care or know about the [regional planning and goal 
setting] process out of all of those people. It is an absolutely 
mysterious and unknown quantity. So you and I have a pretty good 
handle on it, the guys who are in the GMA have a better handle on it, the 
attorneys have a pretty good… But really in terms of like legislators have 
no clue. Maybe a couple of them do but by and large they’re absolutely 
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unaware. Probably the river authority people are mostly unaware of how 
that process works. There are a few people at the water board who know 
how it works (Interviewee 2, personal communication, 2014). 

 
 I will attempt to explain it briefly here. I have illustrated the various relationships 

among data flows and decision points in Figure. 5.5. First, the planning process is circular 

and is driven by the statutory requirement to periodically answer and re-answer two main 

questions: (1) what is/are the management goal(s)? and (2) how much groundwater is 

available?  

 

Figure 5.5. Conceptual schematic of the Texas water planning and management 
administrative system using Groundwater Management Area 9 as an example for a 
complete planning period. Arrows represent the flow of both information and 
representation except in the case of the GMA and Regional Water Planning areas, where 
the interaction is primarily data exchange; regional water planning group members do not 
have representation in the GMAs.  
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Desired future conditions 
 

 In Texas groundwater planning, goals are called desired future conditions (DFC). 

They are quantitative characterizations of desired aquifer conditions at some future date. 

They are established and revised by the GCDs jointly as a GMA through a cyclical 5-year 

planning process. The Texas water code stipulates that “The desired future conditions … 

must provide a balance between the highest practicable level of groundwater production 

and the conservation, preservation, protection, recharging, and prevention of waste of 

groundwater and control of subsidence in the management area.”  

 DFCs answer questions such as “Do we want to use up all of the aquifer? Some of 

the aquifer? None of the aquifer? Do we need to maintain a certain amount of spring 

flow, as the Edwards Aquifer Authority is required by law to do?” (Petrossian et al., 2007 

p. 2).  Examples of DFCs include statements such as “using current water levels as a 

baseline, we do not want the average water level to decline more than 50 feet over the 

next 50 years in aquifer X; we do not want the amount of groundwater from aquifer X 

discharging to rivers and streams to decline more than 25 percent over the next 50 years; 

or we want the amount of groundwater in storage in aquifer X to decline no more than 

1.25 percent per year for the next 50 years starting with 1998” (Petrossian et al., 2007 p. 

4). 

 In GMA 9 the DFC for the major aquifer, the Trinity Aquifer, is an increase in 

average drawdown of approximately 30 feet through 206046. “Average” in this case 

means a spatial average across the entire GMA; in other words, some areas could decline 

                                                
 
46 The DFC submission package for GMA 9 is available at 
http://www.twdb.texas.gov/groundwater/docs/DFC/GMA9_DFC_Adopted_2010-0726.pdf  
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more than 30 by 2060 while others decline less or not at all. Whether a DFC has been 

achieved would be based upon the average of the various water levels across the GMA. 

 GMA 10 is somewhat unique in that the major aquifer, the Edwards BFZ San 

Antonio Segment, lies within the EAA jurisdiction. The DFC is contained in the EAA 

Act (Sections 1.14(a), (f), (h), and 1.26); since it is a statute, it is thus not subject to 

periodic revision.  However, DFCs are set for other aquifers within the GMA 10 

boundary.  

 
Groundwater availability: Modeled Available Groundwater (MAG)  
 

In 1997, SB 1 gave the RWPGs the responsibility of determining groundwater 

availability for regional water plans. The RWPGs were also not required to actually use 

information about groundwater availability received from GCDs. This generated 

disagreements between GCDs and the RWPGs over which estimates to use in regional 

planning, those developed by the individual GCDs or by the RWPGs (Petrossian et al. 

2007; Wythe, 2014). After 2005, HB 1763 gave groundwater availability determination 

back to the GCDs via the GMA planning process and also required the RWPAs to use the 

MAGs for regional water planning.  

The amount of groundwater available for water managers to allocate in order to 

achieve a DFC is determined by conducting groundwater availability model (GAM) runs 

under different sets of conditions using the proposed DFCs to parameterize the models. 

Volumetric model outputs are known as modeled (formerly “managed”) available 

groundwater (MAG). Informants helped explain the relationship between the MAG and 

DFC: 
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Well, on paper it was…the whole process was intended to reconcile the 
multiple small districts over shared aquifer(s). That’s what this was 
supposed to do. It’s supposed to be, ‘All you districts are within the same 
framework of an aquifer system… Initially it was, ‘You should 
voluntarily get together and coordinate.’ Then after 1763 it said, ‘No, 
you will and you will collectively define what your collective 
management goals are,’ which are the DFC and then the MAG were 
to be these tools that help you dictate how you manage that condition 
(Interviewee 4, personal communication, 2014). 

The DFC directly relates to MAG. MAG is the science, DFC is the 
political manifestation of that science and political will based on the 
science. (…) And they’re circular. (…) It’s a five year planning cycle 
that predicts a 50-year outcome. So the statewide plan is rewritten every 
five years to predict the future in 50 or to plan for the future in 50 
(Interviewee 2, personal communication, 2014). 

 
 Put simply, “The MAG is the amount of groundwater production, on an average 

annual basis, that will achieve the DFC” (Wythe, 2014). 

 
 
Joint regional groundwater planning process 
 
 The planning process is circular and contains the following primary “stops” that 

are spelled out in the water code.  Sec. 36.108.c. stipulates that GCD representatives must 

meet at least once a year to plan, including to review proposals to adopt new or amend 

existing DFCs. Every 5 years they shall consider groundwater availability model and 

other data and propose DFCs for the relevant aquifers within the GMA. The GCD 

representatives are required to consider a number of different factors before voting on 

proposed DFCs (T.W.C. § 36.108.): 

 
(1) aquifer uses or conditions within the management area, including conditions that 
differ substantially from one geographic area to another;  
(2) the water supply needs and water management strategies included in the state water 
plan;  
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(3) hydrological conditions, including for each aquifer in the management area the total 
estimated recoverable storage as provided by the executive administrator, and the average 
annual recharge, inflows, and discharge;  
(4) other environmental impacts, including impacts on spring flow and other interactions 
between groundwater and surface water;  
(5) the impact on subsidence;  
(6) socioeconomic impacts reasonably expected to occur;  
(7) the impact on the interests and rights in private property, including ownership and the 
rights of management area landowners and their lessees and assigns in groundwater as 
recognized under Section 36.002;  
(8) the feasibility of achieving the desired future condition; and  
(9) any other information relevant to the specific desired future conditions. 
 
 Then, based on all of these considerations, they adopt DFCs for all of the 

“relevant” groundwater bodies within the GMA boundary (T.W.C. § 36.108 (d-2)). 

GMAs have fairly wide latitude to set a number of different DFCs within their 

jurisdiction for various reasons. Per § 36.108.c  “…the districts may establish different 

desired future conditions for: (1) each aquifer, subdivision of an aquifer, or geologic 

strata located in whole or in part within the boundaries of the management area; or (2) 

each geographic area overlying an aquifer in whole or in part or subdivision of an aquifer 

within the boundaries of the management area.”  

Then they have to take an initial 2/3 vote to approve them.  This is followed by a 

public comment period of at least 90 days, during which time each GCD has to hold at 

least one public hearing about the proposed DFCs. During the initial DFC adoption 

period, GMA 9 held multiple public hearings at various locations in the GMA. This is the 

primary period during which the general public may participate and attempt to influence 

the choice of management goals. The GCDs compile the comments and suggestions 

before reconvening as a group to discuss the public input and whether to alter the DFCs 

based on it. The GCD representatives then vote again; a 2/3 majority required to adopt 

the final DFCs.  
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As one informant highly familiar with the process pointed out, this local/regional 

voting exercise is one of the hallmarks of Texas’ bottom-up “grassroots” groundwater 

management and planning system: 

…Each GCD’s representative and the GMA gather together and they’ve been 
told by their boards what an acceptable range is and then they just decide by 
vote. And that’s your grassroots... When politicians talk about, ‘We want to 
keep all of this business at the local level,’ this is what they’re talking about. 
They’re talking about elected boards that report to a sort of regional aquifer 
wide “authority”. GMAs don’t have any acting authority. They’re more of a 
long term planning and organizational group than authority. They don’t have the 
authority to tell some other GCD what to do. (Interviewee 2, personal 
communication, 2014) 

 

Once the final DFC vote has been taken, the GMA is then required to compile a 

report explaining the choice of DFCs in order to make the decision-making process 

transparent. According to § 36.108 (d-3) this report must: 

(1) identify each desired future condition;  

(2) provide the policy and technical justifications for each desired future condition;  

(3) include documentation that the factors under Subsection (d) were considered by the 

districts and a discussion of how the adopted desired future conditions impact each 

factor;  

(4) list other desired future condition options considered, if any, and the reasons why 

those options were not adopted; and  

(5) discuss reasons why recommendations made by advisory committees and relevant 

public comments received by the districts were or were not incorporated into the desired 

future conditions.  

 As long as the DFCs are found to be feasible based on GAM runs, the process 
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concludes and the individual GCDs consider whether and how to adjust management 

plans and permitting based on the DFC and the MAG volume.  

 In sum, the process moves in a circular fashion as follows: each GCD determines 

its preferred DFCs > initial GMA vote on proposed DFCs > DFCs are transmitted to 

TWDB or consultant > TWDB or consultant plugs them into the model and determines 

the MAG for that DFC > TWDB transmits MAG volumes for different scenarios to 

GMA and RWPG > stakeholder/public participation period > revision of DFCs (if 

necessary) and final vote to adopt DFCs > explanatory report > GCDs incorporate the 

MAG into management activities for 4-5 more years until the process begins again. 

 Before continuing I wish to point out a few additional considerations that are 

noteworthy regarding the groundwater planning process.  

 

The role of the TWDB 

 TWDB is intended to play a very important role in the planning process by 

housing the technical expertise needed to model groundwater availability and evaluate 

whether a given DFC is even a realistic, achievable goal from a hydrologic standpoint. If 

a particular DFC is determined to be impossible to achieve, then some back and forth is 

triggered until a feasible DFC is determined. While TWDB is not a regulatory agency 

like the TCEQ, it still has an influential and critical role because it creates the MAGs on 

which both GCDs and the RWPAs rely to make their plans. TWDB also plays an 

important role as an expert witness and scientific and technical evaluator of petitions 

challenging DFCs by water users.   
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DFC appeals process 

Sec. 36.1083 defines the appeal process for challenging DFCs. TWDB’s role is 

described in Texas Administrative Code Title 31, part 10, chapter 356, subchapter D. 

Prior to the passage of HB 200, “affected persons” could challenge the “reasonableness” 

of a DFC by filing a petition with the TWDB. Following HB 200 in 2015, petitions are to 

be filed with an individual GCD. Then there is a hearing before an administrative law 

judge at the State Office of Administrative Hearings47 where the petitioner may argue 

that a DFC is “unreasonable”. The petition also goes to the TWDB, which then must in 

120 days conduct an administrative review to see if the DFC is statutorily valid per § 

36.108(d) and complete a scientific and technical analysis of the DFC.  The TWDB’s 

findings are then used in the hearing.  

A GCD can change the DFC or not based on the judge’s ruling. But, 

Per § 36.10835, the DFC can then be appealed to district court, where the judge’s ruling 

on the reasonableness of the DFC is binding on the GCD48.  

 The validity of a DFC hinges on whether a petitioner can demonstrate that a DFC 

is “unreasonable.” But as TWDB has pointed out, “reasonableness” is not defined in the 

statutes and there is little guidance for TWDB on how to determine it (TWDB 2012) 

 

 

 

                                                
 
47 Before HB 200 in 2015, petition hearings were held through TWDB and not the state office of 
administrative hearings. 
48 This provision was also added by HB 200; previously, it was ultimately up to the GCD to alter 
DFC or not.   



	 189	

Relationship between the MAG and permitting by GCDs 

 Some confusion has existed about what exactly a MAG is and how it is supposed 

to be used for permitting purposes. The main source of confusion seems to have been 

about whether it is a cap or not. Before 2011 the relevant statute said that GCDs “shall 

issue permits up to the MAG.” (§ 36.1132) (emphasis mine). This could reasonably be 

construed by a GCD board as an upper limit or cap. Evidently this was not the intent of 

original language, as Sec. 36.1132(a) was changed in 2011 to say “a district, to the extent 

possible, shall issue permits up to the point that the total volume of exempt and 

permitted groundwater production will achieve an applicable desired future 

condition”.  One informant explained why this change was very important: 

Now when the MAG, managed available groundwater, was a permit 
limit, you had to challenge the DFC because then…you might not be 
able to get your permit. If they’re already over the MAG number, they 
can’t issue more permits. It isn’t that…the MAG changed from the 
managed available groundwater to modeled available groundwater. 
Instead of a permit limit it became a consideration in issuing each 
individual permit.  

The old law said, ‘Shall issue permits up to the MAG.’ It now says, 
‘Shall issue permits to achieve the DFC.’ Huge difference.It’s a 
consideration. …And MAG also changed from a permit limit to actual 
production numbers. You have to look at what’s actually being 
produced, how this permit may impact the aquifer based on that actual 
production along with how you’re impacting neighboring wells, all the 
other considerations you should have to. It’s part of the considerations 
(Interviewee 11, attorney, personal communication, 2014). 

 

This is clear from the water code as currently written, which lists the MAG as just one of 

several considerations (T.W.C. § 36.1132(b)): 

In issuing permits, the district shall manage total groundwater production 
on a long-term basis to achieve an applicable desired future condition 
and consider:  
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(1) the modeled available groundwater determined by the executive 
administrator;  

(2) the executive administrator ’s estimate of the current and projected 
amount of groundwater produced under exemptions granted by district 
rules and Section 36.117;  

(3) the amount of groundwater authorized under permits previously 
issued by the district; 

(4) a reasonable estimate of the amount of groundwater that is actually 
produced under permits issued by the district; and  

(5) yearly precipitation and production patterns 

 
The issue was summed up by one interviewee, who maintained that the MAG remains an 

important component of water planning and management: 

Now it’s a factor. Now it’s just a tool in the decision making on a permit 
…That said though, the MAG is still the number that goes into the water 
plans and that number becomes the amount of water available under the 
water plans which is also the amount of water available for funding for 
projects that are seeking…are being sourced from that supply. So it still 
has weight and it still has merit… (Interviewee 4, personal 
communication, 2014). 

 
 
5.4. “A tale of two groundwater districts” 
  
 One analysis of GCDs found that they do make a difference to groundwater 

management (Foster, 2009), but there is so much disparity among the 100 GCDs that 

general statements are not very illuminating. Since aquifers are regional features, the next 

logical analytical step is to look at what happens at the regional and individual GCD 

level. This is particularly important because of the extremely high degree of variation 

among the 100 GCDs.  

 Chapter 36 of the Texas Water Code contains the provisions for creating a GCD.  

Chapter 36 defines the basic administrative structure and the various powers, obligations, 
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and optional duties. This would seem fairly straightforward; why is there so much 

variation from district to district? And in what ways do they vary? A comparison of the 

CC and TGR districts provide a helpful illustration.  

 There are several ways to create a GCD, but the most common way is through an 

act of the legislature. This is how the EAA and the TGR and CC GCDs were created. 

Although they were created in the same legislative session in 2002, they were not created 

by the same bill.  TGR was created by HB 2005; Cow Creek by SB 1911.  No other 

GCDs were created by HB 2005.  SB 1911 created 12 other GCDs besides CC (SB 

1911).  

  One GCD manager I spoke with from another district within GMA 10 

complained that this method of GCD formation allows politicians to “monkey around” 

with district powers and hardwire them into the statutes, so that it takes another act of the 

legislature to alter them (RF, personal communication, 2014). What he was referring to is 

that with each district created by the legislature, politicians can add to the basic 

provisions of Chapter 36, such that each GCD is a unique product of the basic Chapter 36 

district “blueprint” plus whatever modifications or additions were inserted into the 

authorizing legislation. In practice, this means that some districts are closer to the basic 

Chapter 36 blueprint than others.  

 Besides the differences in their respective authorizing bills, GCDs also vary in the 

content of the rules and regulations they adopt as they implement and address local 

issues.  One example is permitting style. The statutes grant GCDs fairly wide latitude to 

choose what principles they will use to base their permitting decisions on (as long as they 

do not cause a taking of private property).  For example,  a survey of the rules and 
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regulations of the GCDs that existed statewide as of 2004 by Houston (2004)49 found a 

variety of different approaches. Despite the rule of capture being the law on the books 

throughout Texas, GCDs based their regulations on principles of other doctrines 

(reasonable use, prior appropriation, or correlative rights) and created limits to 

withdrawals based on a wide variety of principles, including: acreage or tract size; 

proportionate reductions; first in time first in right; historical use; rate of withdrawal; 

prevention of well interference or unreasonable drawdown (Houston, 2004). Even within 

each of these categories there is room for district-specific tailoring, or blending of more 

than one.  

 The advantage of this freedom is that districts are able to adopt permitting rules 

and to make decisions based on specific local conditions and to achieve specific goals 

that may be relevant and important within one GCD but which would not be appropriate 

in another. One GCD staff member explained it this way: 

              Every district is so unique–unique makeup, whatever their area is. 

(…) I went to a [Texas Alliance of Groundwater Districts] meeting… it’s 
all the districts from Texas and each one is facing a different issue. A 
third of the districts have problems because of fracking so they’re all 
focused on fracking. The other third it’s all agricultural related in the 
Panhandle so they have issues with that. And then you have little 
districts like us who are just kind of unique and just out here, just dealing 
with anything and everything that comes its way.  

If you go up to North Plains and some of those they have 20, 30 people 
on staff. It’s really, really tailored to what your district’s needs are. You 
go out West Texas, the manager has a dirt bike that he uses to go like on 
these big ranches and check water levels on these wells. He has a dirt 
bike with e-line strapped onto it. I’m like, ‘Your board lets you do that?’ 

                                                
 
49 Survey results are found partially online http://www.tgwa.org/survey.html, and in two reports obtained 
from the author via personal communication (email to San Jacinto River Authority, response 5/30/14). 
They also were incorporated into a report by the Texas Senate Select Committee on Water Policy’s Interim 
Report, December 2004 http://www.senate.state.tx.us/75r/senate/commit/c750/downloads/WP_Final.pdf. 
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And they’re like, ‘Oh, yeah. It’s all farmers and they want to know water 
levels on all these wells.’ Our district, we’re a real bedroom community 
for San Antonio. We’ve had realtors on our board, we’ve had a district 
utilities general manager was on our board. It’s really…your board 
usually represents your community pretty closely (Interviewee 1, 
personal communication, 2014). 

 
 However, the potential disadvantage of this flexibility is that requiring no limits at 

all is also an option allowed by statute; thus, management may be only nominal. For 

example, some districts have only adopted well spacing requirements but no production 

limits, and others have neither well spacing requirements nor withdrawal limits of any 

kind (Houston, 2004). Whether or not to mine an aquifer remains a political decision, and 

a district’s particular choice of institutional arrangements will reflect the goals of that 

GMA and GCD. If the DFC for a particular aquifer in a particular GMA is to simply slow 

down the rate at which it is mined – as is typical in the High Plains/Ogallala region (or 

the Pinal AMA in Arizona, incidentally) – then strict curtailment of withdrawals may not 

be necessary.  

 The kinds of differences in management challenges identified by the respondent 

above are largely regional. In the next section I show how the two case study districts 

differ at a much smaller scale, despite the fact that they overlie the same aquifer in the 

same area (see Figures 1.5 and 5.3).  

  
5.4.1. Uneven regulatory authority  
 
 As mentioned above, a commonly cited problem is the uneven regulatory 

authority that GCDs possess. Several informants identified this as a problem: 

I think all but four have been set up by statute and the enabling 
legislation of each one is different. And some of them are emasculated. 
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They can’t do a thing. They don’t have funding authority, taxing 
authority of any sort so they can’t get any money. So just depending 
how they’re set up determines how much they can do (Interviewee 8, 
personal communication, 2014). 

…I think a lot of times the rules that they’ve adopted aren’t restrictive 
enough in some places and say they go to some district and they get a 
permit real easy and then they go to the next district and it’s a board like 
ours who says, ‘No, you’re only getting this much water,’ well, that’s 
where they see the difference. It’s kind of like a city can adopt whatever 
ordinances they want. You can look at city like Bernie who has real 
strong building codes and stuff like that like on their main street. Then 
you can go someplace like Pleasanton or somewhere south of town, 
down on the border where they don’t have any type of…and that’s the 
same thing as that city council felt that way about their community 
(Interviewee 1, personal communication, 2014). 

I sometimes think that groundwater districts were set up to fail 
(Interviewee 1, personal communication, 2014). 

I’m all for uniformity [of GCD rules and regulations]. They’ve got to all 
be uniform. I’m all for uniformity, I really am (Interviewee 9, attorney, 
personal communication, 2014). 

 

A comparison of TGRGCD and CCGCD illustrates this issue well.  
 
CCGCD regulatory authority 
 

CCGCD was created in 1999 by SB 1911 which authorized the formation of 13 

different GCDs. It did not make any substantial modifications beyond the rules provided 

in Chapter 36, except to remove several powers temporarily until the first board of 

directors could be elected in each district.   

Rules for CCGCD were later established by House Bill 3544 and Senate Bill 2. 

Based on District Rules as of December 12, 2012, CCGCD has authority over all non-

exempt wells in Kendall County, regardless of the type of use. All non-exempt wells 

(those capable of producing more than 25,000 gallons per day) must be registered, have a 
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permit, and pay an annual production fee.50 

Limits on groundwater pumping are enforced through two main ways: well 

spacing requirements and production limits. Minimum well spacing requirements are a 

function of the pumping capacity of the well, and its proximity to both property lines and 

other wells (Rule 6: 6.4.B.) The larger the capacity of a new well, the further away it 

must be from other wells and property boundaries. Rule 10 describes groundwater 

production limits. The criterion that must be satisfied is “beneficial use without waste”. 

This is defined for community water systems and retail water utilities as no more than 

one single family residential unit connection per 4 acres of service area (Rule 10.3.). For 

non-exempt domestic or livestock wells, it is 1 well per 6 acres (Rule 10.4.B.).  As it 

pertains to residential areas, this rule is, in effect, a water-based housing density 

requirement for subdivisions using groundwater. There are also drought restrictions based 

on a 4-stage system. Besides conservation practices, extra production limits are assessed 

on a pro rata basis for all users where: 

Stage 1:  mandatory 10% pumping reduction 
Stage 2:  20% reduction 
Stage 3: 30% reduction 
Emergency (Stage 4): 40% reduction 
 
 
 
TGRGCD regulatory authority 
 

In contrast to SB 1911, which took all of ten pages to authorize 13 districts, HB 

                                                
 
50 CCGCD rules: Rule 3.5.A. “All wells located within the District, having the capacity to produce more 
than 25,000 gallons per day … shall be required to obtain an operating permit… and pay a production 
fee…” 
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2005 took 15 pages to authorize TGR only. Per Section 14 of HB 2005, TGRGCD can 

regulate well spacing of non-exempt wells (those capable of pumping more than 10,000 

gallons per day). Exempt domestic wells may not serve more than five households and  

any well serving a tract of land less than 5 acres in size is not exempt. However, section 

(d) states that these rules do not apply to municipal public wells according to Section 16. 

Section 16 stipulates that any public supply well is exempt from regulation if it already 

existed, was approved for installation, and completed before the first anniversary of the 

effective date of HB 2005.  Per Section 16.2.c., these wells must be registered with the 

district and submit pumping reports, but the TGR cannot require operating permits, limit 

their withdrawals, or levy taxes or pumping fees as long as they were completed by 

September 2002 (Needham, 2001). 

Because these wells are considered exempt, they are not subject to critical period 

reductions during drought stages declared by the district. However, they are subject to the 

drought management plans of their corresponding municipal water providers, e.g. SAWS, 

City of Fair Oaks Ranch, or Southwest Water Company (TGRGCD, 2013, p. 31) 

What Section 16 of the authorizing legislation did in practice was make about 600 

out of 800 public supply wells exempt from regulation; in other words, the majority of 

the pumping in the district, which is mostly urban. An article in the San Antonio Express-

News reported that as of October 2001 a rush of more than 125 wells had been proposed 

by “water speculators and landowners” seeking to get out of being regulated by the TGR 

the next year (Needham, 2001).   

Two main concerns were reported in the article. (1) That unregulated pumping 

from these new wells would exacerbate declining local water tables (many wells in the 
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region had reached record lows during 2000).  According to the article, “Officials of 

neighboring districts are concerned about the highly productive wells that could be built 

and exempted.” An adjacent GCD manager expressed concern that pumping in TGR 

would draw down water tables within neighboring Comal County as well. “The essence 

of a groundwater district is to try to distribute the resource equitably. If a class of wells is 

exempt from a district's regulatory jurisdiction, then they can't properly manage the 

resource. But since those wells are exempt, the only relief would be through a legislative 

initiative.” Concern was also expressed that the unregulated pumping could reduce the 

volume of water contributed to the Edwards Aquifer by the Trinity, which on average 

accounts for roughly 10% of the Edwards’ total annual recharge (Needham, 2001).  

The TGRGCD staff members clearly identified this exemption as a major problem: 

Here’s the problem. Each district gets created, it has its own enabling 
legislation. We’re crippled because it exempted all the public supply 
wells drilled before the creation of the district from our regulations and 
that was probably a selling point to the municipalities to pass it, to agree 
to kind of go forward with a district in northern Bexar County. So we’re 
severely crippled…  (Interviewee 3a, personal communication, 2014). 

 

As hinted at in the exchange above, the exemption of the majority of the wells in the 

district was a result of the politics surrounding the decision of whether or not to form a 

district. The Express-News report found that the exemption was championed by officials 

from a wealthy incorporated golf course community called Fair Oaks Ranch. One former 

Fair Oaks Ranch city official stated they (quoting Needham, 2001) “feared that because 

the city's wells were among the few municipal wells in north Bexar County, they would 

shoulder most of the district's funding” and that they “didn't anticipate someone filing to 

drill 120 wells. We were primarily looking out for our interests at the time" (Needham, 



	 198	

2001). 

Without this concession, it is unclear that any district at all would have been created 

for the Trinity Aquifer in northern Bexar County. However, critics suggest that it may 

have been better to not create a district at all at that time than to create one with such 

limited authority. One informant had this to say about the issue: 

I think some people were like, ‘Well, it’d be better to have a limited 
district than no district at all,’ but other people will say, ‘You would 
have been better to just not create that district in such a limited nominal 
way and just wait and try to get a real district with authority passed later 
on.’ 

I think that’s a point because you might think at the time, ‘Let’s just get 
our foot in the door, let’s get a district established and then we can 
slowly grow into a more conventional functional district.’ But in fact it’s 
really worked out the other way. Now that they’re firmly established as 
having this limited authority, it’s hard to undo that status quo. That’s the 
new status quo. 

Yeah, the statutes can be configured however the legislator that files the 
bill wants to do it. They can set it up to where they’ve got their own 
unique exemptions, they can set it up to where they’ve got their own 
unique funding mechanism, board makeup. If it doesn’t follow the 
petition process, which nobody uses anymore, it’s just a function of 
whatever the legislator at the time decides they want to do with it. Most 
of them follow the Chapter 36 model and just…it’s bare bones specific 
description in their enabling legislation and then defer to 36 as their 
umbrella authority and they’re generally more a conventional district that 
way. They could come out in any shape (Interviewee 4, personal 
communication, 2014). 

 
One TGRGCD staff member hinted at the larger implication of the problem, which is a 
lack of consistency at the local-regional level.  

Look at our legislation. Look how hampered we are just by a sentence 
or two. 

And Cow Creek [GCD] was created at the same time, the same 
legislative session and they don’t have these same issues that we’re 
dealing with. These are specific to us. I’m just amazed that the 
legislature would push something like this through. 
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(…) you cross an imaginary line and it’s totally different rules because 
some senator wanted to change it and it doesn’t make sense. 
(Interviewee 3, personal communication, 2014). 

 
What is being conveyed here by the staff member’s comparison to CCGCD is that not 

having a relatively consistent set of rules between two neighboring districts with 

jurisdiction over the same aquifer inhibits effective management. The comments by the 

Comal GCD representative make largely the same argument. This is a case where having 

relatively uniform regulation actually makes sense. TGR and CC are not dealing with 

categorically different types of management challenges as described by the CCGCD staff 

member. Both GCDs are experiencing the same types of increasing demands on the same 

aquifer due to urban growth and development, and neither has any significant amount of 

agriculture or fracking activity. The TGR staff see no reason why they should have so 

many exempt wells. The root cause is the particular way that GCDs are created; 

specifically, creating them through legislation provides opportunities to seriously modify 

the basic provisions in Chapter 36 for political reasons. Not every district is as hampered 

as TGR, but the fact that it can occur suggests it may not be the most effective process. 

 
 
5.4.2. District funding mechanisms 
 
 Another important set of challenges can result from the limitations inherent in the 

revenue generating mechanisms available to a given district.  There are two main types of 

funding mechanisms according to statute: (1) ad valorem (property-based) taxes and (2) 

pumping fees, e.g., based on annual pumpage, and one-time fees for installation of new 

wells. Districts derive most of their funding from either property taxes or pumping fees; 

for this reason, GCDs are sometimes referred to as “tax-based” or “fee-based.” One 
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respondent explained how legislators typically decide whether to make a new GCD fee or 

tax based: 

…one of the key differences between the two is that there’s…if you’re 
creating a district, there’s a separate election that kicks in for approval of 
a property tax. So if you go…if you succeeded in convincing the good 
folks of Comal County to create a groundwater district over there and 
you wanted to fund it through property tax, there would be two elections 
or two issues to vote on when it came up for election. One would be the 
confirmation that would create the district and the other one would be 
approval of the property tax. And yes, there’s been situations where the 
district passes but the property tax doesn’t. So the district’s created but it 
has no funding mechanism. On the fee side of things it’s…you don’t 
require the election on the funding and so you create a district, it’s fee 
based, you’re just voting on the creation of the district. Over there at the 
capitol, the way those discussions will go is the local politics come into 
play over who needs to pay for it. Is it the people that use the aquifer that 
are non-exempt or is everybody pretty much using the aquifer and so it 
makes sense to do an ad valorem type tax. For example, up in the 
Dallas/Ft. Worth when those districts got created, they’re like 99 percent 
surface water, 1 percent groundwater and so to have an ad valorem tax 
arguably doesn’t make policy sense but fees on the folks who are 
actually using the groundwater water, perhaps that makes more sense up 
there. Ogallala, there’s no problem as they’re already paying an ad 
valorem tax ‘cause everybody’s pretty much using the aquifer or even 
benefiting from it some way if you’re a homeowner in Amarillo or 
something (Interviewee 5, personal communication, 2014). 

 
A recent survey of 35 GCDs found that despite the limited number of options for 

generating revenue, revenues vary immensely, ranging from just $20,000 to over $2.5 

million per year (Porter, 2013). This range is in part a function of the number of 

permitted wells. Some GCDs have hundreds of irrigation wells, while others have very 

few (one of those surveyed only had 3 non-exempt wells) (Porter 2013).  As Porter 

(2013) points out, a small budget does not necessarily constitute an unmet need. For 

example, in rural GCDs were wells are few in number and/or widely spread out, and 

there is little overall demand on the local aquifer, there may be relatively little for a GCD 
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to do. On the other hand, GCDs that are densely populated or that have numerous high-

volume irrigation wells may need greater funding than the statutory options provide. CC 

and TGR provide an interesting comparison.  

CCGCD has over 70 permitted wells, but more than 10,000 exempt domestic non-

livestock wells (interview, CCGCD staff). These exempt wells accounted for an 

estimated 67% of the total withdrawals in the district from 2011-2013 (Table 5.1.). 

CCGCD was originally fee-based but the district was successful in getting an ad valorem 

tax approved by the voters in 2006 at the rate of $0.005 per $100 valuation. This tax 

revenue now comprises roughly 60% of the district’s annual revenue, which was 

$394,414 in 2015 (see Table 5.1.) and provides it with a more stable funding source than 

fees alone. CC also collects various fees including monthly production fees and new 

drilling fees, which together account for roughly 25% of annual revenue (Cow Creek 

GCD Operating Budgets 2013-14 and 2015-16). Production fees are rather low at $1 per 

AF per year for agricultural wells and $10 per AF per year for all other types of non-

exempt wells.51  (CCGCD, 2012, p. 46-47).  

In contrast, TGRGCD relies on fees. The total revenue in FY 2015 was $259,025, 

95% of which came from well production fees. Before January 2015, production fees for 

non-exempt wells were set at just $22/AF/yr. In 2011, TGRGCD’s revenue was only 

$205,000. This was less than 2/3 of CCGCD’s 2011 revenue, despite having a far greater 

number of non-exempt wells and more than twice the total withdrawal volume that year. 

                                                
 
51 Groundwater used for agricultural purposes, as defined in District Rule 2: $1 per acre-foot per year 
($0.0030689 per thousand gallons). Groundwater used for all other purposes: $10 per acre-foot per year 
($0.030689 per thousand gallons). 
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TGRGCD managed to increase production fees in 2015 from $22 to $30/AF/yr 

(TGRGCD, n.d.) which, along with increasing groundwater withdrawals, has contributed 

to higher revenues. The total revenue in FY 2016 was $460,050, 97% of which came 

from well production fees. Despite this increased revenue, TGRGCD currently consists 

of just 2 part-time staff members and the district office is only open 4 days a week. One 

TGR staff member attributed this to the fact of being a fee-based district.  

Despite being one of the smallest GCDs in the state in terms of spatial extent, TGR 

has more registered wells than almost all of the 35 GCDs surveyed by Porter (2013). In 

comparison, the Upper Trinity GCD in North Texas had revenue of over $1 million and a 

staff of 6 people in 2011, despite only having 363 registered wells to TGRGCD’s 800+.  

Both mechanisms have limitations. Ad valorem (property-based) revenue can be 

limited by: local political opposition to taxation (however small the rate); a small tax 

base, as in sparsely populated rural areas ; and low rates which range from $0.005 - 

$0.035/$100 valuation (Porter, 2013). Water attorney Ed McCarthy stated: “The fact that 

many groundwater districts are located in agriculturally dependant rural areas with small 

populations creates a lack of reliable financing mechanism. This is due to an inadequate 

tax base and/or the reduced production fees assessable for irrigation wells which often 

represent the majority of the production within the groundwater district.”52 This indicates 

that raising revenue in rural areas is also is a problem for fee-based districts such as 

TGRGCD. These two districts demonstrate some of the limitations of the funding 

structure. 

                                                
 
52 Oral and Written Testimony of Edmond R. McCarthy, Jr., Jackson, Sjoberg, McCarthy & Wilson, L.L.P., 
Public Hearing, Texas House of Representatives Committee on Natural Resources, Austin, Texas, Apr. 15, 
2010. 
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Table 5.1. Comparative summary of Cow Creek and Trinity Glen Rose GCDs.  

 
 Cow Creek GCD Trinity Glen Rose GCD 

Annual revenue  2011: $347,635; 2015: 
$394,414  

2011: $205,000; 2015: 
$361,228 

Primary funding source Ad valorem tax ($0.005 per 
$100 property valuation) 

Production fees ($22/AF/yr 
in 2011; $30 as of January 
1, 2015) 

Percent of revenue 
comprised of primary 

funding source  
 2015: 58%  2015: 95% 

Expenses 2011: $339,230; 2015: 
$384,348 

2011: $208,300; 2015: 
$259,025 

Number of non-exempt 
wells 72+ permitted wells 

~800 registered wells (600 
of which are exempt due to 
authorizing legislation) 

Number of exempt wells 10,000* Unknown 

Total Withdrawals 

Average 2011-2013: 5,301 
AF; 23% from permitted 
municipal wells, 67% from 
exempt domestic wells 

Average 2010-2012: 
12,125 AF; 60% 
municipal, 10% exempt 
wells 

Staff 
(3) General manager; 
technician; office manager; 
all full time 

(2) General manager; 
office manager; both part 
time (20 hrs/week) 

Schedule 8-5 M-F M-Th and outside office 
 

Sources: Porter (2013); Cow Creek GCD 2015 Management Plan; Cow Creek GCD 
2015-2016 Operating Budget; Trinity Glen Rose GCD 2012 Annual Report; Trinity Glen 
Rose GCD budget 2015; *Interview with Cow Creek GCD manager. 
 
 
Tax-based issues 

At one half of one cent per $100 property valuation, CCGCD’s tax rate is at the low 

end of the spectrum. As one CCGCD staff member explained, even this minimal tax was 

politically difficult to achieve: 

We tried three times to get a tax passed and it was three cents per 
hundred, one and a half cent per hundred and finally we got one half of 
one cent so it’s .005 per hundred valuation. So if you have $100,000 
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worth of property value, you pay $5.00 a year in taxes, which is… If 
you’re driving to town to complain about it, you probably already spent 
that much coming into town, especially if you stop and buy something at 
the store (Interviewee 1, personal communication, 2014).  

 
Although CCGCD’s revenue is supplemented with production fees which are also at 

the lower end of the spectrum, there is still only enough to support a basic staff of one 

general manager, a technician, and an office manager.  

 
Fee-based issues 

 Issues associated with fee-based revenue include: low ceilings on rates compared to 

surface water;53 many exempt wells, which may not generate fees; fees based on pumping 

can create disincentive to limit use (the more pumping a district allows, the more revenue 

they receive).  

According to CCGCD staff, who recognizes the extra difficulties associated with fee-

based districts:  

Hays Trinity, Trinity Glen Rose, they’re fee based districts which means 
if you stop having new people come or if people stop using as much 
water, your funding gets cut. 

To me when they create new groundwater districts, like they’re talking 
about trying to create one in [neighboring] western Comal County and 
they’re saying, ‘Yeah, it’s going to be a fee based district.’ And I said, 
‘You’re already setting them up for failure.’ It’s just like half of our 
budget is made up from new well drilling permits. So if we said, ‘All 
right, we want less wells to be drilled in our county,’ we’re affecting our 
budget. That’s my argument for raising our tax but try raising a half a 
cent tax. If you go to a penny, everybody’s like, ‘They’re doubling their 
taxes.’ I’m like, ‘Come on, man.’ It’s not really doubling it but it is 
(Interviewee 1, personal communication, 2014). 

                                                
 
53 Non-agricultural groundwater production fees are capped at $40/AF; in comparison the per-AF rate for 
raw surface water from a regional river authority was $151/AF in 2011-2012 (Dupnik 2012, p. 45) 
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There is also the problem of generating funds in a timely way once a fee-based 

district is created. In the 2010 House Interim Report, one GCD manager stated that “The 

most significant obstacle that a district faces at its inception is are start-up funding which 

is very difficult for a fee-based district to achieve quickly.”54 

TGRGCD has even fewer resources than CCGCD as a strictly fee-based district, 

despite having over 800 registered production wells and more than twice the total 

groundwater pumping as in CCGCD. The district manages to perform its duties with a 

bare-bones half-time staff.  

 
General issues 

As a result of these funding limitations, some districts have little capacity for non-

administrative duties and activities, there is wide variation in budgets among districts, 

and governance and regulation are only nominal in some cases (Dupnik, 2012; Porter, 

2013).  Lack of funding also inhibits studies of the aquifer. As a CCGCD staff member 

said: 

…funding is a big issue because people don’t just have money to go out 
and say, ‘Let’s build a [groundwater] model for our county and see what 
is actually going on.’ To really model the aquifer here it’s going to take 
millions of dollars to create that model that nobody has just laying 
around (Interviewee 1, personal communication, 2014). 

 
Speaking of GCDs more generally, water attorney Ed McCarthy commented in 

                                                
 
54  Oral and Written Testimony of Kathy Jones, Lone Star Groundwater Conservation District, Public 
Hearing, Texas House of Representatives Committee on Natural Resources, Austin, Texas, Apr. 15, 2010. 
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Congressional testimony that “The lack of adequate funding to study and/or regulate 

affected aquifers coupled with the existence of multiple groundwater districts with 

jurisdiction over the same aquifer(s) results in inconsistent as well as unsupported 

regulation of the same aquifer” (House Committee, 2010). 

 
5.4.3. Unfunded planning mandates 
 

The next governance issue I wish to highlight concerns the capacity of GCDs to 

conduct the mandatory regional groundwater planning exercised that are required every 5 

years as described earlier in this chapter. As discussed in chapter 3, HB 1763 placed new 

regional groundwater planning requirements on GCDs within their respective GMAs. 

The planning process revolves around the adoption of Desired Future Conditions (DFC), 

the quantitative characterization of future aquifer conditions that are the management 

goals for each GCD.  In 2011, SB 660 further expanded the list of considerations that 

GCDs are required to make when determining DFCs. A 2012 Senate committee report on 

a different bill (SB 1282) summarized many of the new requirements, which included 

“total estimated recoverable storage; environmental impacts; impacts on subsidence; 

socioeconomic impacts reasonably expected to occur; and the impact on the interests and 

rights in private property, including ownership and the rights of landowners and their 

lessees and assigns in groundwater.  All GCDs within a GMA must work together to 

establish an approach to evaluating and developing DFCs that incorporate the new 

requirements.”  

At about the same time that these new requirements were added (Senate Select 

Committee, 2012) 
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…budget cuts enacted by the legislature to the TWDB groundwater 
availability modeling program in 2011, resulted in a significant reduction 
in the level of technical support that the agency will be able to provide to 
the GMAs during the current round of DFC evaluations and 
adoption.  As such, all GMAs must now develop alternative approaches 
to the evaluation of DFCs under consideration. 

 
What are the consequences of these cuts? As the following quote from the minutes of 

a 2011 North Texas GCD Board of Directors meeting indicates, the consequences of 

TWDB budget cuts mean that they may not be able to update their groundwater 

availability models, thus preventing the updating of DFCs, which in turn negatively 

affects their ability to effectively assess permit applications: 

The Texas Water Development Board (TWDB) … will not be able to 
update the Groundwater Availability Model (GAM) …. The GAM will 
need to be updated in order to update the DFCs. … Without adequate 
data, issuing pumping limits will be almost impossible.  

President Daniel explained that … all 12 districts recognize that an 
additional five years was gained to readopt DFCs, but the GAM needs to 
have much better data. If the District does not take action, [it] could be 
faced with significant legal expenses in the future (North Texas GCD, 
2011).  

 
 
While this quote is not from districts in GMA 9, the general effect of TWDB cuts was 

largely the same in GMA 9. As I observed at a GMA 9 meeting, and through 

conversations with district staff in spring and summer 2014, the GMAs were forced to 

hire expensive outside consultants to do much of the work that TWDB was intended to 

do. In particular, the determination of groundwater availability based on the DFCs.  

The following statements from my conversation with TGRGCD staff in 2014 express 

their concern about the limited capacity for GMA 9 planning requirements, characterizing 

it as essentially an unfunded mandate: 
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Another problem with the GMAs and that whole regional thing is 
basically it’s a group of GCDs and it’s all the general managers and you 
have one general manager running the entire GMA, he’s not getting paid 
extra to do that. He’s doing all these requirements for the state and doing 
all these things for all these different GCDs but he’s just doing it ‘cause 
he’s a nice guy and he wants to do it. Somebody needs to head up that 
process more formally and take charge of it I feel like. 

Or the state needs to create some funds for GMAs because it’s all on the 
shoulders now of the groundwater districts. 

‘Cause right now GCDs, they just put in their annual budget whatever 
they can afford to do these joint planning requirements. That’s kind of 
difficult, the financial and just somebody in charge of it. (Interviewee 3a, 
personal communication, 2014). 

 
TGRGCD staff also explained the implications of a lack of funding capacity for goal-

setting. Specifically, setting more finely-tailored management goals within different parts 

of the GMA requires increased costs: 

ZS: people complain about the fact that district rules are parochial and 
they’re kind of like balkanized but some people will say, ‘Well, they 
should be because there’s difference between the districts.’ The GMA 
process seems like it’s designed to resolve some of those issues through 
the DFC and I’m wondering how effective you think or any pros and 
cons of that whole process. 

Interviewee 3a: I see what you mean by resolved to the DFC kind of 
like if one county chose a different DFC over another. That comes 
down to funding ‘cause you have to run a different model for that 
DFC condition. So if you want all these different conditions, you’ve 
got to support that. You’ve got to support that for your 
constituents and there is no more funding of water development 
board to do that for you and now with the extra burden of 
explanatory reports and different information needed with your 
DFCs and the cost factor there, your DFCs are going to get more 
generalized. And ours is very generalized for GMA 9 with regard 
to the aquifer or the Trinity.  

ZS: It’s just that 30 feet figure, right? 

Interviewee 3a: Yeah, based on that 30 foot drawdown and I don’t 
think we’re going to change that next round. I think it’s going to stay 
the same. 
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It’s just so difficult with all the new requirements and if we wanted to 
break it down, each minor aquifer is supposed to have one and 
each major aquifer. There’s a lot going into it now. A lot more 
requirements. 

ZS: Yeah so kind of like an unfunded mandate sort of situation. 

Interviewee 3a: That’s exactly what it is. (Interviewee 3, personal 
communication, 2014).  

 

Besides at least one other interviewee, in oral and written testimony for the 

Texas House of Representative Committee on Natural Resources in 2010, these 

sentiments were echoed by other GCD managers, who pointed out the need for 

updating and improvement of the groundwater modeling capacity (House 

Committee, 2010).   

 In sum, although the responsibilities of GCDs have continually increased since 

2001, there has been neither a concomitant increase in resources from the state (in fact 

the opposite, in the form of cuts to the TWDB’s technical staff) nor a new way to 

generate their own revenue. Requiring GCDs to consider a broader range of factors in 

their goal setting and management is a well-intentioned mandate, but there must be 

adequate resources to conduct this important work. 

 
 
5.4.4. DFC issues 
  

 Unlike with most other issues such as district funding mechanisms where there 

was an overall consensus among the various key informants, the DFC process itself 

seemed subject to a variety of different critiques that did not amount to a consensus, 
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except that the DFC process is fairly politicized and controversial, but which are still 

worth noting. Virtually all informants who were familiar with the process had something 

critical to say about it. I attempt to identify these various critiques here.  Some are related 

to the DFCs themselves and whether they were unnecessarily strict, overly lenient, or 

impossible to measure. The following quotations illustrate each of these arguments: 

 
1. The DFCs are too strict: 

…groundwater districts were given this planning obligation and they 
were directed to establish desired future conditions for their aquifers but 
they were given no guidance on how to set those desired future 
conditions. And this is part of the problem that your Cow Creek District 
is struggling with. They set in all of these areas very conservative desired 
future conditions and largely in an effort to limit increasing production. 
So in almost every area, Boerne was a classic example, it’s a growing 
Hill Country previously sparsely populated area that’s now becoming 
urbanized, they’re concerned that the demand’s going to swallow the 
supply. So they set a desired future condition that basically…I like to use 
this crude example but… I live out in the Hill Country. When I moved 
up here to Austin I moved out to Dripping Springs and the minute I got 
out there I was like, ‘Okay, close the door behind me. I don’t want 
anybody else moving out here.’ The same kind of philosophy tends to 
dominate the minds of these groundwater managers because they’re 
thinking, ‘Damn, I’m in charge of this resource. I want it to look just as 
good as it looks today 50 years from now. That’s my goal.’ It’s inherent. 
It’s all of our goals. …we don’t want change, we don’t want adverse 
consequences. So once you set the desired future condition based on 
current conditions, preserving current conditions, what you’ve done is 
you’ve set your pumping limit at current production. In order to achieve 
the same result 50 years from now that you have right now, probably 
you’re going to have to either cap production at where it is or close to it 
or reduce production over time if you’re in the Ogallala and you’ve got a 
declining resource. So there’s the question of availability. How do these 
districts determine…and they don’t get a lot of guidance on that. 
(Interviewee 13, attorney, personal communication, 2014). 

 

2. The DFCs are too lenient: 

I complain about the DFCs because almost…I think every DFC that’s 
been adopted allows long term decline of the aquifer. Why in the world 
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would we not strive for sustainable use? Why in the world would we not 
strive to have static impact on the aquifer? Allow declines during 
drought, allow recoveries during wet periods but strive to have long term 
sustainability instead of long term decline. And they’re coming in and 
complaining we’re not allowing a big enough decline. Well, again, if 
every aquifer was a homogenous, flat bathtub, maybe long term decline 
like they’re allowing in the Ogallala would be the way to go. They’re 
not. The same level of decline impacts different parts of the aquifer very 
differently. (…) They all have declines. So whatever reverse engineering 
they may or may not have done, it didn’t make a bit of difference. They 
all have declines. And then they come in and say, ‘You’re not allowing 
enough decline,’ to me is ludicrous. (Interviewee 11, attorney, personal 
communication, 2014) 

The main problem with GMA 9 is over exuberant drawdown that is 
interpreted as a desired future condition. So their 30-foot drawdown in 
GMA 9 which is super controversial because even at less than a 30 foot 
drawdown springs are starting to go dry–Jacob’s Well for example. 
Jacob’s Well supplies a huge quantity of Blanco River water and it 
stopped flowing this year in the summer. So all of a sudden you have 
much less river water available. The Guadalupe River is a huge tourist 
attraction for tubing or for fishing and that’s a mostly spring fed river so 
if GMA 9’s DFC approaches the point where those springs start drying 
up, then I guarantee you Comal County will start paying attention to the 
process and start protecting themselves ‘cause all of a sudden they’ll 
have no money ‘cause their entire industry is dried up. They don’t grow 
corn in Comal County. Their economies are just primarily relying on 
tourism which is based on the rivers. (Interviewee 2, personal 
communication, 2014) 

 
3. DFCs are difficult to measure: 

 

Interviewee 11: Yeah and that’s…what does 30 feet mean? 30 feet 
through the entire county, 30 feet… 

ZS: The whole GMA. 

Interviewe 11: Right, exactly. So try to calculate 30 feet from what, 
where…does that mean one side of the county’s pumping, the other 
side’s not? What’s the average? How do you get an average? How many 
wells do you have to have to have a legitimate average? Just measuring 
to achieve these goals is a huge pain in the ass that no doubt will lead 
to arguments and potentially litigation at some point (Interviewee 11, 
attorney, personal communication, 2014). 

Yeah. And in that case they chose…I believe they chose a single DFC 
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for the whole area but it expresses itself, it’s like a single drawdown, 
average drawdown…it expresses itself differently across the area and so 
in Hayes Trinity it’s five, seven foot of decline and then over in Cow 
Creek it’s… I forget what it is–50, 60, 70 feet of decline (Interviewee 5, 
personal communication, 2014). 

 

4. DFCs are politically compromised: 

…a district has to consider who it is they’re going to be telling no and so 
if you choose a DFC that causes you to suddenly cut everybody back 
that’s already pumping, it’s probably not politically viable. And if you’re 
growing very rapidly like a lot of the hill country is, they probably 
also…it’s probably also not very politically viable. Ultimately in the end 
[choosing the DFC for the Trinity Aquifer] was choosing something that 
was politically viable, trumping any environmental concerns they might 
have had.  

But if Cow Creek, say you flipped those boards between Hays Trinity 
and Cow Creek, that board…that Hays Trinity board probably wouldn’t 
last long in Cow Creek District because the implications are, ‘Okay, 
we’re going to protect spring flows, we’re going to reduce pumping 50 
percent,’ and now suddenly water providers are looking for alternative 
supplies which are far more expensive ‘cause they’re going to have to 
pipe it in and then people start asking, ‘Why is this?’ and then you look 
at the reason and boom, those folks are voted out and you get folks in 
that at the very least preserve the status quo. There has to be some 
external driver to reduce pumping which is really…that’s what the 
case is with the Edwards Aquifer Authority (Interviewee 5, personal 
communication, 2014) 

…even with this desired future condition business you could still come 
up with a desired future condition to achieve your goal of not managing 
at all. You just choose an extremely permissive desired future condition 
(Interviewee 5, personal communication, 2014). 

Interviewee 2: They manage to the DFC which is also tenuous because 
you don’t know how much rain you’re going to get and you don’t 
know…nobody wants a 30-foot drawdown in the Trinity, none of 
those GCD guys. … They’re elected by the people in the county and if 
those people’s wells go dry because the board decided to have too 
massive a drawdown, they’re going to get kicked out of office or if 
springs start drying up and the river goes dry and that affects surface 
water the cities use, then there’s going to be political trouble there. It’s 
moderately self-directing. 

ZS: But not totally? 
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Interviewee 2: I don’t think it’s totally self-directing. There’s no 
established authority to force DFCs. If the DFC is breached for example 
there’s no, to my knowledge nobody’s really responsible, legally. 
(Interviewee 2, personal communication, 2014) 

Well, you know the guy from northern Bexar County, they’re totally 
developer oriented. All of the…and then Hayes County, same deal. And 
then we have that part of Travis County that has the groundwater district 
that can’t do anything because they’re developer interests and they don’t 
have anything else so it is a very heavily weighted developer interest 
GMA (Interviewee 10, personal communication, 2014). 

 

Last, it’s worth pointing out that at least one expert was generally happy with the process: 
 

I like it. I think it’s pretty good. You want the community to make those 
decisions. You don’t want to force decisions on people. This gives them 
the…a way to effectively manage their resource. It gives them cover 
because this it says, ‘Well, we didn’t set the MAG. The MAG is all we 
can do if this is…if we want to keep our springs going, this is all we can 
do. It’s the model. The Texas Water Development Board, they told us, 
they’re the bad guys.’ Now they can’t quite do that but it still gives them 
cover. ‘So that’s all we can give if we want to keep these DFCs. For 
these DFCs, this is all the water we have’ (Interviewee 8, personal 
communication, 2014). 

 
 
Conflict over DFCs 
 

I also found that there have been three challenges to GMA 9 DFCs55. In 2009, a 

Regional Water Planning Group, a county commissioners court, and a river authority 

argued that the DFC for the Edwards-Trinity Aquifer was unreasonable and won the 

petition. Two more were filed in 2011, one by a private guest ranch and the other by a 

local watershed association. Both challenged the DFC for the Trinity Aquifer, but in 

different counties. In both cases, the TWDB found the DFC to be reasonable. Norman 

                                                
 
55 Petitions against GMA 9 DFCs and related TWDB staff reports are available at 
http://www.twdb.texas.gov/groundwater/petitions/gma9-petitions.asp  
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(2012) predicts that DFCs will be a point of increasing conflict as competition for 

groundwater supplies continues to increase and different kinds of uses come into conflict.  

 
 
5.4.5. Vulnerability to lawsuits 
  
 Finally, I discuss the issue of vulnerability to lawsuits. As I have shown in 

chapters 2 and 3, Texas Supreme Court has continually reaffirmed the absolute 

ownership/rule of capture property regime for groundwater. Two high profile and 

extremely controversial groundwater court cases were frequently cited by informants as 

the most important conflict in the region because of their implications for groundwater 

regulation. In the case of Edwards Aquifer Authority v. Day and McDaniel (2012) the 

Texas Supreme Court finally clarified the nature of the ownership right landowners have 

in groundwater, finding that it is not limited to usufruct, but that land ownership entails a 

vested real property right to groundwater in place, regardless of “capture”. This means 

groundwater pumping limits are potentially compensable regulatory takings under the 

Penn Central56 balancing criteria. Another case that was undecided at the time of 

interviews was Edwards Aquifer Authority v. Bragg. The Bragg family owned a pecan 

orchard within the EAA boundary but did not (and could not) prove any historical 

groundwater pumpage, and so they did not receive a groundwater permit. The Braggs 

                                                
 
56 In Penn Central Transportation Co. v. New York City (1978) the U.S. Supreme Court identified key 
considerations in determining whether a regulation constitutes a violation of the Fifth Amendment to the 
Constitution protecting the taking of private property for public use without just compensation. These 
include the economic impact of a regulation on a claimant, the extent to which it interferes with 
investment-backed expectations, and the “character” of the regulation, e.g., interference with property by 
physical invasion or by a public program that alters the “benefits and burdens of economic life to promote 
the common good.” In its opinion, the court also emphasized that takings determinations are ad hoc and 
heavily dependent on the particular factual circumstances of a given case.  
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filed suit in 2001 seeking compensation for their perceived unreasonable takings of their 

groundwater property and were finally successful in 2015. The case showed that takings 

claims could be successful, winning $4.4. million from the EAA for denying the Bragg 

family groundwater rights to water their pecan orchards. 

 Concurrently with the Day decision, the Legislature passed SB 332 in 2012, 

which inserted language into Texas Water Code, Sec. 36.002:   

(c) Nothing in this code shall be construed as granting the authority to 
deprive or divest a landowner…of the groundwater ownership and rights 
described by this section. 

 

Yet the statute also somewhat confusingly states that: 

(d)  This section does not: 

 (1)  prohibit a district from limiting or prohibiting the drilling of a 
well by a landowner for failure or inability to comply with minimum 
well spacing or tract size requirements adopted by the district; 

 (2)  affect the ability of a district to regulate groundwater 
production as authorized under Section 36.113, 36.116, or 36.122 or 
otherwise under this chapter or a special law governing a district 

 

This statutory language, combined with the two court cases has raised questions about 

the implications for GCDs. At what point do groundwater limits constituted a 

compensable taking? Should they be worried? How serious are the implications for 

GCDs? Does this have an effect on the case study districts? Several people I interviewed 

were extremely concerned about the implications of the Day decision for GCDs in 

general, while some water attorneys and property rights advocates feel that threat is likely 

overblown or exaggerated.  The concern is that the threat of being sued by cities and 
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firms with large budgets for legal teams over what they perceive to be unreasonable 

denial or limitation of permit applications will cause GCD boards of directors to avoid 

making controversial permitting decisions even if they would be detrimental to long term 

health of the aquifer and/or attainment of DFCs. I argue that although case study districts 

have not been sued (except for the EAA), they are still vulnerable under current law.  

This is partly an issue of legality and partly a funding issue. My assessment is based 

on the comments of GCD managers and the attorneys that represent them.  The key facts 

are: 

1. The case law is such that GCDs can be sued over permitting decisions.  

2. They may not have the resources to fight it out in court. This can be because they 

just don’t have the extra slack in their budget. There is also the fact that the state attorney 

general does not stand in for them against private entities.  

3. The possible effect is that permitting decisions will be compromised. This does not 

yet seem to be the case in CC or EAA, but it may be in TGRGCD based on interviews.  

The following excerpts from interviews illustrate the ways it is seen as a 

problem.  

It seems like…of course you can read whatever you want out of that 
Day decision but I read in there where they clearly…the Texas 
Supreme Court clearly said that it needs to be managed but then they 
left it very vague in terms of what’s an appropriate level without 
invoking a regulatory takings and that’s...my opinion, that’s what’s 
going to require lawsuits to figure out. So in this particular case it’s 
like this is somebody coming in for a permit, they wanted X, they 
got X minus Y. Does that serve as a takings or not? (Interviewee 5, 
personal communication, 2014). 

 

One attorney for a number of different GCDs explained it this way: 
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Interviewee 11: The Day decision made it clear that districts had to pay 
attention to and be wary of taking [property]. The Day decision 
created work for people like me for like the next 10 to 15 years 
because there’s going to be a number of lawsuits that we have to go 
address and figure out exactly where the lines are drawn. 

ZS: Do you have a sense of how many are kind of like already filed or 
in the works? Just a ballpark. 

Interviewee 11: Every district, every permit that walks in the door 
tells us, ‘Give me my permit or I’ll file suit for takings.’ 

ZS: Here at this one or… 

Interviewee 11: Everywhere. When we’ve been telling people down 
here they’ve got to reduce their pumping value 90 percent, ‘You can’t do 
that. The Supreme Court said I own that water.’ Yes, they did. File your 
lawsuit. I’ll defend it. The problem with the Day decision is that it 
didn’t say what was and was not a takings. It simply said it is a 
vested property right subject to having to go through the analysis. 
You still have the problem…because it’s an unquantifiable 
ownership interest, you still have the problem of trying to quantify 
it. Okay, I’ve got a vested right in how much. We have no idea. Do I 
have a vested right in some groundwater or do I have a vested right 
in each and every formation beneath my property? (…) Am I 
entitled to Edwards Aquifer water? These are all questions that…15 
years from now we’ll have the answers to all those questions I think 
but it’s going to take that long. 

Interviewee 11: (…) I say [to GCDs clients], ‘Keep issuing the permits 
but if you have to then when you issue this permit, everybody has to 
take a haircut to make room for the new guy. Limiting groundwater 
production to a sustainable amount or to the amount that you can use to 
achieve your desired future condition I think is reasonable regulation. 
Allowing continued declines below the desired future condition can 
result in takings liability just as to not allowing your permit. We’ll 
see this thing go through the courts but again, my advice is the only 
thing you’re allowed to do in Chapter 36 is protect historic users 
(Interviewee 11, attorney, personal communication, 2014). 

 

Another attorney argued the Bragg case was wrongly decided and that it had 
important negative implications: 

I think the key to the 4th Court’s incorrect opinion is they basically 
concluded that the facts show that there was maybe a 10 percent impact 
on the Braggs, that it would cost them maybe 10 percent, maybe as little 
as three percent but maybe as much as 10 percent more to water their 
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crop if they went out and leased rights instead of having their own. And 
the court found that was enough to be a compensable taking. Well, that’s 
unprecedented. Every other…in the world of takings litigation, the 
economic impact has got to be 60 percent, 70 percent, 100 percent. The 
notion that from three to 10 percent economic impact is a compensable 
taking is new ground. That’s the…I think the key to the breakdown in 
that opinion. In these districts, if the Supreme Court ultimately 
concludes that’s right, that something less than 10 percent requires 
compensation, it’s hard to imagine what regulation can follow that 
won’t require compensation (Interviewee 7, attorney, personal 
communication, 2014). 

 

Why is all this a potential problem for GCDs? First, unlike the EAA, individual GCDs 

lack the resources to fight cases for the reasons explained above.  One informant said: 

“They’re terrified. I don’t think they should be but most of them are super poorly funded 

and they don’t have the resources to fight [attorney name redacted]. They’re working on 

$100,000 annual budget and they’ve got to pay their guys who work here. They don’t 

have some huge slush fund.” (Interviewee 2, personal communication, 2014) 

 

Another informant spoke to how the legal issue is compounded by the funding issues 
already discussed) 

Well, some districts have a lot of money. (…) It’s uneven. Some don’t. 
That’s correct. … But the Day & McDaniel [decision] says whoever 
loses pays lawyer fees. But you have to go out on a limb and take on 
several hundred thousand dollars of legal fees potentially when your 
whole annual budget may be $150,000 - $200,000. Yeah, they have that 
problem. (Interviewee 8, personal communication, 2014). 

 
As far back as 2004 a Senate Select committee reviewed groundwater issues. One of the 

concerns identified by the committee as possibly benefiting from legislative attention was 

“the potential for excessive litigation relating to GWCDs’ rulemaking and permitting 

decisions.” (Senate Select Committee 2004, p. 3). One legislative option that was 

presented to the Committee (but not endorsed by the Committee) was to provide state 
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litigation assistance to the GCDs. This suggestion recognizes another important 

dimension of the legal vulnerability issue, which is that the state Attorney General does 

not represent GCDs the way it does other political entities of the state.  One informant 

identified this as a significant problem in his interview. 

 A key question is what effect, if any the issue will has on permitting decisions. 

One GCD manager in GMA 9 discussed it this way:  

I think the best example…this is an extreme, I’ll admit that. It’s the Fox 
Crossing District … After [SB] 332 was passed and the Day decision 
was issued, they issued a formal order to dissolve themselves ‘cause they 
felt like that they were not in a position to be able to manage 
groundwater in lieu of the effect of those management decisions on 
property rights. I think the reality of it is that more reflected the ideology 
of the board at the time. They didn’t believe in government interference 
and they were the government so they made themselves go away, they 
dissolved themselves. But they used the decision of Day and then also 
the 332 property rights affirmation as their basis for doing that. So that’s 
a real cause and effect. 

The Bragg case… that’s a product of this question of how groundwater 
district decisions affect property rights and what compensation should 
look like. And all the districts are watching and whether it’s tangible 
or not, it has affected decision making, I think, particularly if you’re 
one of those districts that aren’t very resilient and don’t have the 
resources to survive the challenge. (…) But to your question, I think it 
may not be quantifiable or tangible but it has absolutely affected 
decision making (Interviewee 4, personal communication, 2014). 

 

One staff member of a case study district indicated that they had been advised not to 

deny anyone a permit based on the takings issue: 

ZS: Have you guys thought about the implications of [EAA v. Day and 
McDaniel] going forward? 

Interviewee 3a: Oh, yeah. 

Interviewee 3b: We follow it pretty closely. 

Interviewee 3a: …the biggest area [in the Trinity Glen Rose GCD] is 
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served by [San Antonio Water System] (...) So that’s covered for us. But 
in other areas where there are no utilities, I’m not about to deny anybody 
a permit to drill a well if they come to us. And my lawyer will…give me 
the same advice basically because of EAA vs. Day (Interviewees 3a and 
3b, personal communication, 2014). 

 
Another manager from one of the two GMA 9 case study districts spoke at length 

about it: 
 

I don’t think it’s affected my board’s permitting decisions at all just 
‘cause they’re pretty…I wouldn’t say progressive but they’re…they stick 
to what they…they stick to that six acre density and I’ve told them 
before what’s going to happen is somebody’s going to do a subdivision 
where they don’t have plat approval, it’s all done on paper with deeds 
but it didn’t go through the county and they’re going to have a half a 
million homes built on this piece of property and they’re going to come 
in to get a well permit and you’re going to say no and they’re going to 
say, ‘Well, that’s an investment backed expectation of living in that 
house or selling that house.’ My board’s really not that worried about it 
but I… 

I went to a law conference …That’s one thing that [attorneys] all hit on 
was takings issues …. Really for me they’re talking about Gonzalez 
County and they’re talking about all the stuff that’s going on down there 
where you have five or six giant entities came into this groundwater 
district and some of them asked for 50,000 acre feet, some of them asked 
for 20,000 acre feet, some of them got contested, some of them didn’t. 
That’s where my big concern is. I think we’ll see something like that 
on our small tracts where somebody wants to subdivide 10 acres and 
we’re going to say no or the county’s going to say no. We’re going to 
end up testing that one out. 

So you kind of see there’s still a risk there but you guys are making 
decisions. 

Our board still is pressing on with their regulatory authority to limit tract 
size (Interviewee 1, personal communication, 2014). 

 
To date, neither TGRGCD or CCGCD has been challenged in court over a 

permitting decision the way the EAA (e.g., EAA v. Bragg) and some other GCDs have. 

The two districts are responding to the issue somewhat differently, but both are 

concerned about the implications of case law and recognize it as a major issue and 
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potential source of conflict.  

Finally, it should be noted that (presumably in response to existing/recent 

litigation over groundwater permitting decisions) the Legislature has addressed the issue 

at least partly by passing HB 3163 in 2015, which amended the water code to add legal 

immunity to GCD board members. This means that they are not individually legally 

liable for votes on permitting decisions and other actions. However, the water code still 

says that the GCDs can be sued. The law may be an implicit admission that the threat of 

being personally sued over groundwater permitting decisions was recognized as a 

negative effect.  

 
 
5.5. Conclusion 
 
 In conclusion, I find that the effectiveness of the regional bottom-up groundwater 

planning is hampered in several ways, as the two case study districts of TGRGCD and 

CCGCD clearly illustrate. Problems I have identified and discussed include: 

 

1. Lack of funds, both at the individual district level and at the GMA level.  

2. Uneven regulatory authority, which is undesirable when two districts are adjacent 

to each other and managing the same aquifer.  

3. Because Texas ruled in the opposite way from Arizona on the groundwater 

ownership question, groundwater regulation is now subject to the murky legal 

realm of regulatory takings law. It may take many years of litigation for reliable 

rules to be developed.  
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 There were a variety of criticisms of the regional planning process related to the 

goals themselves and their measurability.  Some feel they are too lax, while others think 

they are overly strict. The single management goal for the entire aquifer may or may not 

be appropriate. It is certainly politically determined.  Multiple goals for more specific 

parts of the aquifer are possible according to statute, but one manager pointed out that 

creating more goals creates more work. More modeling must be done, more reporting, 

more complicated management at the GCD level, etc. and so it is prohibitive.  

 Despite the issues identified in this chapter, there are potentially positive aspects 

that should be also noted.  

 
1. Although it seems obvious, the fact that there is regional groundwater planning at 

all, however flawed, is actually notable. The groundwork is laid for addressing 

one of the fundamental and difficult problems associated with common pool 

resource management, which is the problem of scale.  

2. It rests on a bottom-up approach with nested decision-making arenas to address 

larger-scale resource issues. This reflects Ostrom’s design principle and is 

something that Texas has but which Arizona has largely lacked.  

3. 5-year planning horizon allows for relatively frequent adjustment of management 

practices. Allows for frequent incorporation of improvements to modeling 

capability and data.  

4. The public has had a number of opportunities to participate, at least formally, in 

the DFC adoption process. They may also attend regular meetings of their 

respective GCD.  

5. Groundwater availability is used by both GMAs and the broader Regional Water 
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Planning Areas. It is not conjunctive management, but at least it recognizes the 

broader hydrologic connections between aquifers and watersheds in a region, all 

the way to the Gulf of Mexico.   
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Chapter 6: The Role of Market-Based Groundwater Transfers in Governing 

Groundwater in Central Arizona 

 

6.1. Introduction 

 Although Arizona’s Groundwater Management Act is known for several 

important policy innovations, creating a market for groundwater rights is not one of them.  

Culp et al. (2014) approvingly cite Arizona’s system of conjunctive management which 

is centered around the ability to bank groundwater credits as good example of a market-

based policy. But, to be clear, these paper credits are not actually groundwater, but rather 

surface water that is temporarily being stored underground. One might reasonably ask: 

does Arizona have a groundwater market? If so, how does it function? Who participates? 

If not, why? 

 At this point in time, groundwater overdraft is projected to increase in all AMAs 

(Smith, 2011). It is an open question whether implementing a more market-based 

groundwater allocation system would contribute to the already existing goals of the 

Groundwater Management Act. In 2011 an opinion-editorial in the Arizona Daily Star 

argued for reforming Arizona’s groundwater management system such that groundwater 

allocation would be determined by market pricing instead of a “regulatory approach” as 

follows: 

There is not really a market for water in Arizona in which price reflects 
future scarcity and uncertainty. In a market, price reflects not just 
current scarcity, but anticipated future scarcity as well. And there is a 
price premium for uncertainty. The greater the uncertainty, the greater 
the risk premium. The ability to buy and sell water in Arizona is 
sharply limited. Water is not owned. Instead, to oversimplify, there is a 
right to use water generally tied to land. Water is a public good, either 
delivered directly by government or by private water utilities subject to 
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rate regulation by the Arizona Corporation Commission. The price of 
water is based upon its cost of delivery. That underprices it, probably 
significantly, since there is no reflection of future scarcity or 
uncertainty. The Groundwater Management Act of 1980, which 
took primarily a regulatory approach, has gotten the state to a 
good place, in which the overdraft of groundwater in Maricopa 
and Pima counties has been largely eliminated. From this point 
forward, however, market pricing for water would do a better job 
of managing the allocation issues than a regulatory approach. 
There should be a wider ability to buy, sell and transport water. 
Prices should reflect more than just the cost of delivery” (Robb, 2011). 

 

I provide this quote to represent the viewpoint that Arizona ought to create a water 

market in order to achieve its stated management goals. With this argument in mind, this 

chapter explores the use of transfers and market mechanisms for reallocating 

groundwater rights in the Phoenix AMA and considers their function in relation to the 

management goals of the AMA.  

 I first discuss data sources used in the analysis before before analyzing the 

institutional arrangements affecting groundwater transfers in the Phoenix and Pinal 

AMAs. I then develop a quantitative analysis of Type 2 groundwater rights and 

extinguishment credit transfers. I draw on interviews to help explain the transfer 

frequencies and characteristics.  

 

6.2. Data sources 

Water Strategist records and archives 

The information reported in the archives of the trade journal Water Strategist 

remains generally regarded as the best source available for conducting quantitative 

analyses of water markets in the Western U.S. It is a frequently used data source for 

regional analysis of water transfers in the West. A team of researchers at UCSB Bren 
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School has compiled the transfers from the Water Strategist archives from 1987-2009 and 

made them publicly available in a tabulated form. I extracted the records for Arizona and 

Texas. However, some gaps had to be filled in the data for the purposes of this analysis. 

First, I added transfer records for year 2010. I then reviewed the Water Strategist archives 

for all years, adding necessary qualitative details about individual transfers that were not 

included in the Bren School dataset. In many cases it was possible to determine in which 

AMA a particular transfer occurred, or who the specific participants in a transaction 

were. Without adding this information, it was impossible in some cases to distinguish 

groundwater transfers from non-groundwater transfers or to know where a trade 

happened. In a market system as opaque as Arizona’s, qualitative information is vital to 

understanding its workings.   

 

Groundwater transfer records in the Phoenix and Pinal Active Management Areas 

Because there are several different categories of groundwater rights within the 

Arizona Active Management Areas, several data sets were obtained via public 

information request from the Arizona Department of Water Resources:  

• Type 2 groundwater rights transfers in Phoenix and Pinal AMAs 

• All Type I grandfathered groundwater rights in Phoenix and Pinal AMAs 

• All Irrigation Grandfathered Rights (IGRs) in Phoenix and Pinal AMAs 

• Extinguishment credits conveyed (i.e., transferred) from agricultural to municipal 

uses for fulfillment of AWS requirements in Phoenix and Pinal AMAs 
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6.3. Institutional Arrangements Affecting Groundwater Transfers in Phoenix and 

Pinal AMAs.  

 
This section identifies the different ways in which groundwater transfers may occur 

within the Phoenix and Pinal AMAs. Focus is placed on the AMAs because even though 

they cover only 13% of the land in Arizona, about 85% of Arizona’s total water use 

occurs within their boundaries (Casey and Nelson 2012). Additionally, these are the areas 

in which groundwater trade mainly occurs; outside of the AMAs, groundwater rights are 

only transferred in conjunction with land sales (Casey and Nelson 2012).. 

The the rules and regulations of the AGMA place a relatively high number of 

restrictions on the ability to transfer groundwater rights. The specific reasons for this will 

be discussed later; here the key point is that the ability to transfer a groundwater right 

from one type of use to a different one is constrained in varying ways depending on the 

type of right, which in turn affects the degree to which transfers occur in general. A key 

difference among them are appurtenancy restrictions.  

The AGMA and AWS Rules provide for five main ways for groundwater to change 

hands: agricultural flex credits, irrigation grandfathered rights, Type 1 and 2 non-

irrigation grandfathered rights, and extinguishment credits. However, each is restricted in 

different ways.  

 

Agriculture flexibility credits 

Since a main concern here is with agriculture – to – urban transfers, I will first 

consider the rules affecting the ability of farmers to transfer groundwater rights. Under 

the 1980 Groundwater Management Act, farmers were granted irrigation grandfathered 
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rights (IGRs) if they had irrigated with groundwater during the period 1975-1980. 

Farmers who wish to continue farming are prohibited from temporarily transferring any 

portion of these rights to non-agricultural users. The only way that IGRs can be 

transferred away from the land to which they are attached is by the trading of flexibility 

credits, which are accrued when farmers use less groundwater in a given year than they 

are allowed to per their IGR.  However, flexibility credits can only be transferred to other 

farmers and are thus not a means for moving groundwater into non-agricultural uses, at 

least not on a temporary basis, as through a lease. ADWR staff explained the reason why 

flex credits cannot be transferred to another type of use: 

Interviewee 21: There have been people who have…come to us and 
said, ‘We should be able to sell those [agricultural flex credits] to a 
city so that they can pump more. This should have value.’ The 
problem is there are so many acre feet of that, if we were to open 
that door, the fear is, there goes the groundwater code, there goes 
getting to safe yield, there goes preserving the groundwater for 
future uses when we don’t have renewable supplies. So that kind of 
barter system would … undermine the whole groundwater code. 

ZS: But the farmers have advocated for being able to do that? 

Interviewee 21: I don’t remember who it was that made the comment 
but it’s come up as we’ve worked on different management plans. 
People see those and they think they’re worth something. The problem 
is that there’s more credits than there is water to give away so it really 
doesn’t serve the people of the state to entertain that idea (Interviewee 
21, personal communication, 2013). 

 

In other words, the volume of agricultural flex credits is so great that if they were to be 

sold and fully used for urban development, then the resulting amount of groundwater 

depletion would be so great as to make the safe-yield impossible to achieve.  

Because these pumping credits must stay in the agricultural sector, there is relatively 

little demand for them. One expert described the prices that flex credits are leased for as 
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being “very low,” on the order of $5 to $15 per credit; leases of Type 2 rights are in the 

range of $100 to $230/ AF by comparison (Interviewee 24, personal communication, 

2015).  

Overall, irrigation groundwater is highly restricted by appurtenancy rules as long as 

the land is in production. Only if a farmer or landowner wishes to cease farming and sell 

their land to a municipality or land developer does it become possible to transfer 

agricultural groundwater rights to non-agricultural users 

 

 

Type 1 non-irrigation groundwater rights 

To summarize, there are two basic ways that an IGR can be transferred to a non-

agricultural user: (1) conversion of the IGFR to a Type 1 non-irrigation groundwater right 

or (2) extinguishment and conversion of the IGFR to extinguishment credits.   

Type 1 non-irrigation rights are created from the extinguishment of an IGR and 

cannot be used for irrigation once created.  A Type I groundwater right is calculated by 

ADWR as the lesser of 3 AF or the standard “water duty” (ARS 45-469) that was 

associated with the acreage. The groundwater must be pumped from the land with the 

water right, but can be used off the land.  As one expert involved with groundwater rights 

transfers explains, the appurtenancy restriction precludes a market for Type 1 rights: 

Interviewee 25: They don’t sell. 

ZS: They don’t sell? 

Interviewee 25: No, they’re with the property. They sell with the 
property. I have never seen them sell separate because that’s not 
allowed. I’m sure I can design a transaction with a sale. Stay within the 
rules but it would be ugly. So they just go with the land, whatever. So 
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there’s really not a market for Type 1s. You could say that some buyers 
of land might view farms more favorably because they come with 
water…grandfathered water than a desert parcel but for the purposes of 
subdivision development it doesn’t matter. It doesn’t give you anything 
because your subdivision is going to get water from the water provider. 
It might give you construction water in the meantime which is what we 
use it for and that’s nice but nobody’s going to make a purchasing 
decision based on that. So there’s really…I would say there’s very little 
value to the Type 1s. (Interviewee 25, attorney, personal 
communication, 2015).  

 

Type 2 groundwater rights 

Type 2 Groundwater rights are another type of grandfathered right that was granted to 

users of groundwater for purposes that fell into non-irrigation categories. There are three 

sub-types:  

(1) Mining, sand, and gravel: These can be transferred and used anywhere in the 

same AMA but must remain in mining and/or sand and gravel uses only. These 

Type 2 rights cannot go towards “urban” development, in the sense that mining, 

sand, and gravel, are not urban water uses. 

(2) Power: these Type 2 rights can only be used for power generation 

(3) Unrestricted Type 2 rights include purposes such as dairies, trailer parks, 

industries, guest ranches, and other commercial uses.  Unlike IGRs and Type 1 

rights, these Type 2 rights can be transferred anywhere inside an AMA and 

consequently there is a market for them. 

 

Because Type 2 rights for power and for mining cannot change purpose, they are not an 

important source of supply for meeting new demands. Besides extinguishment credits, 

unrestricted Type 2 rights are the only groundwater rights that are freely transferable 
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within an AMA. Because Type 2 rights are by definition non-agricultural, they are more 

limited than agricultural groundwater rights in quantity, both in total combined volume 

and individually, on average. As grandfathered rights, there is a finite amount Type 2 

rights that can be transferred. They cannot be used for irrigation. They also cannot be 

used to meet the requirements for an AWS certificate or designation, which makes them 

undesirable to cities for most new urban development (Water Strategist, March 2010, p. 

2; Interviewee 25, attorney, personal communication, 2015).  

 

Extinguishment credits 

As explained in chapter 4, the Assured Water Supply (AWS) rules require new 

developments within the AMAs to show that the proposed use of water is consistent with 

the management goal of the AMA. This requirement is easier to meet when all or most of 

the water to be used is from a renewable source such as the CAP. If the new development 

is intended to rely heavily on groundwater, it becomes more difficult to satisfy ADWR’s 

criteria for consistency with safe-yield in the Phoenix, Tucson, and Prescott AMAs 

(A.A.C. § R12-15-705). This is because the AWS rules require ADWR to place specific 

limits on the amount of groundwater that may be used for new growth. However, some 

amount of groundwater mining is allowed to occur in order to allow time for the phasing 

in of renewable supplies.  

If a new development proposes to use groundwater, ADWR must calculate the 

quantity of groundwater that is allowed to be mined based on formulas specific to each 

AMA and depending on whether the application is for a subdivision or a water provider.  

There are three possible sources that ADWR considers. 
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1. Basic mined groundwater allowance. This is the amount of groundwater that 

may be pumped without having to be replenished. For water providers that 

existed before February 7, 1995, the amount is 7.5 x the groundwater usage in 

1994 in the Phoenix AMA. For example, a groundwater usage of 2,500 AF x 

7.5 = 18,750 AF. This amount is a lump sum that can be used right away or 

spread across 100 years (in which case the annual amount would be 375 

AF/yr). The allowance is 0 for water providers that were created after 

February 7, 1995. For individual subdivisions, the allowance is the expected 

demand after full build-out multiplied by an AMA-specific “allocation factor” 

that decreases with each successive management period. For a development in 

the Phoenix AMA during the third management period (2000-2010), the 

allocation factor is 4. So, if the expected demand is 1,000 AF at build-out, 

then the groundwater allowance would be 1,000 x 4 = 4,000 AF.  During the 

fifth management period (2020-2025), the allocation factor is only 1, so that 

the allowable mined groundwater amount is 1,000 AF. After 2025 the 

allocation factor is 0 in the Phoenix AMA.  

2. Incidental recharge. Water providers also receive an amount based on 

assumed incidental recharge that is 4% of the previous year’s demand. 

Incidental recharge is not awarded to individual subdivisions.  

3. Extinguishment credits. Applicants can also contribute extinguishment credits 

(quantified in acre-feet), which are generated by extinguishing grandfathered 

groundwater rights (i.e., Type 2 rights, Type 1 rights, and IGRs) that 
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otherwise cannot be used to meet AWS requirements. ADWR staff explained 

the objective of extinguishment credits this way: 

[Extinguishment credits] can basically give you a pass, if you will, to 
pump groundwater in the amount of those credits and that groundwater 
doesn’t have to be replenished. So the idea behind the extinguishment 
credits was to – short term – give developers and water companies a 
means of easing into finding renewable supplies ‘cause they might need 
time to locate those renewable supplies. So here was kind of a bridge 
where they could use groundwater in the short term. (Interviewee 21, 
personal communication, December 2013). 

 

The amount of credits generated from an extinguished grandfathered 

right is always lower than the original right. Similar to the groundwater 

allowance allocation factor for subdivisions, the amount of credits that may be 

generated also decreases over time in increments specific to each AMA and for 

each type of right according to formulas spelled out in the Assured and 

Adequate Water Supply Rules (A.A.C. § R12-15-724). To illustrate, Table 6.1 

shows an example calculation for the extinguishment of a Type 2 groundwater 

right of 50 AF/yr in the Phoenix AMA.  

Once a groundwater right, or some portion of one, is extinguished 

permanently, the credits generated are then treated as transferable and 

marketable commodities that can be used to meet some portion of the new water 

demand associated with urban development anywhere in an AMA. In theory, 

allowing extinguishment credits to have a market value provides some incentive 
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for retiring grandfathered rights sooner rather than later57. This is consistent with 

the larger goal of the AGMA of hastening the replacement of agriculture with 

less consumptive urban uses.  

These three quantities – the basic allowance, incidental recharge, and 

extinguishment credit volume – together equal the groundwater pumping allowed by the 

AWS rules58. Groundwater pumped over the allowable amount is considered “excess” 

and must be met with renewable supplies. As discussed in chapter 4 and further below, 

the Central Arizona Replenishment District’s (CAGRD) provides a way for those new 

developments that lack any renewable supplies to offset their excess groundwater 

pumping and thereby meet the AWS requirements. Technically, if an applicant 

accumulated a volume of extinguishment credits greater than the 100-year water demand, 

they would not need to obtain renewable water supplies or enroll in the CAGRD.  

 

Table 6.1. Example calculation of groundwater credits for the extinguishment of a Type 
2 groundwater right.  

Acre feet 
on the Type 
2 certificate 

Year of 
extinguishment 

Extinguishment 
credits (AF) 

50 2000 1250 
50 2005 1000 
50 2015 500 
50 2020 250 
50 2025 0 

 

                                                
 
57 It is worth noting that “[u]nder the original Assured Water Supply Rules for the Pinal Active 
Management Area, the groundwater credits were not reduced over time, meaning that there was no 
incentive to develop new renewable water supplies, and the physically available groundwater could 
potentially be exhausted at some point in the future” (ADWR, n.d.). 
58 Provided the amount of groundwater is physically available and the other criteria are also met (see 
chapter 4).  
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	 Casey and Nelson (2012, p. 24) state that extinguishment credits are “the 

primary type of groundwater traded in Arizona.” They are marketable because 

they can be sold to any other user within an AMA and can be used to meet the 

100-year Assured Water Supply requirements for new development by 

increasing the amount of allowable groundwater that can be pumped (provided 

the other AWS criteria are met). According to ADWR (n.d.) “extinguishment 

credits are not the only way to prove consistency with management goal, but 

they are helpful in doing so (see also CAGRD membership).  Essentially, the 

credits offset groundwater use by the proposed subdivision.” 

Rules on the transfer of extinguishment credits are contained in the Assured and 

Adequate Water Supply Rules (A.A.C. § R12-15-723).  In order to be transferred, (1) the 

credits must not have already been pledged to an Assured Watery Supply certificate (as 

for a subdivision) or designation (as for a water provider), and (2) there must be enough 

water physically available at the location of the new use (ADWR, 2015).  

To briefly summarize, within the Arizona AMAs there are at least five different 

kinds of groundwater rights that can be transferred, but only two of them – Type 2 rights 

and extinguishment credits – can be bought and sold separately from the land they 

correspond to and transferred to another kind of use. To the extent that there is a market 

for groundwater rights in Arizona, this is what is referred to. Therefore, my analysis of 

groundwater transfers will focus on Type 2 rights and extinguishment credits.  

 

6.4. Groundwater Transfers in Arizona Phoenix Active Management Area 
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Quantifying groundwater transfers within the Phoenix AMA is not 

straightforward largely because of the different rules and restrictions placed on the 

various types of groundwater rights. The fact that Type 2 rights are not subject to 

appurtenancy restrictions, whereas Type I are, means that different types of groundwater 

rights are transferred in different ways even though they are within the same AMA.  For 

that reason, I analyze Type 2 grandfathered rights and extinguishment credits separately.  

 

Frequencies and volumes: Transfers of Type 2 rights 

Given that Type 2 grandfathered groundwater rights are one of two most 

marketable types of groundwater rights (on paper, at least), this analysis of Type 2 

records was done to answer the question of how often they are transferred, and for what 

economic purposes. The aim is to better characterize the importance of their role in 

meeting new urban demands. To do this, I drew from two separate data sets: the UCSB 

Bren School Water Transfer data set based on back issues of Water Strategist, and a list 

of all “conveyances” of Type 2 transfers in the Phoenix and Pinal AMAs.  Both data sets 

proved to have limitations, which are described here before proceeding to the results.  

Type 2 rights are non-agricultural but are less restricted than Type I rights in 

terms of their transferability via sales and leases. As mentioned above, power and mining 

Type 2 rights cannot leave those sectors (A.R.S. § 45-471(A)). This narrows the analysis 

to one of the three sub-categories.  

Type 2 Non-irrigation GFRs.  ADWR maintains records of these Type 2 transfers 

and they were acquired for this analysis. However, analysis of them is limited for at least 

three important reasons: (1) they do not include prices paid; (2) they cannot be filtered to 
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separate real changes in ownership between two parties from other kinds of conveyances 

with total certainty; and (3) the purpose of use is not provided, but can only be inferred 

from the names of buyers and sellers in some cases where party is clearly a dairy or a golf 

course, for example. Because ADWR records include all kinds of “conveyances,” which 

are any change to an existing Type 2 certificate, actual transfers from one user to another 

resulting in a change of purpose of use must be culled from other kinds of conveyances 

that are either changes in ownership (which could be moving the right from one person’s 

name to a trust), addition of a new well, or if the right is no longer in use (personal 

correspondence, ADWR staff, October 6 2015). These conveyances could be mostly 

removed by filtering the records to remove those where the buyer and seller were the 

same party, and where the change was simply a movement of the right from an individual 

to a trust of the same family name, for example. However, in some cases the buyers and 

sellers were too ambiguous to infer the purpose of use with any confidence.  

Because of the limitations associated with ADWR records described above, this 

analysis relied primarily on Type 2 transfer records in the Bren School Transfer Data 

Set59 and hard copies of Water Strategist from which those data were extracted, whenever 

possible, since they included prices and “from-to” information on the type of use. Despite 

the fact that it does not include all water transactions, the Water Strategist is still widely 

regarded as the best single source for water transfers in the Western U.S. (Brewer et al., 

2008). These data were limited to some extent because the time period covered, 1987-

2010, omits some transfers in years 1985 and 1986, and all years after 2010.  Cross-

checking these records with the ADWR data set also indicated that even in years that are 

                                                
 
59 Available from http://www.bren.ucsb.edu/news/water_transfers.htm See also Libecap (2009). 
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covered, not all transfers were reported, i.e., transfers that clearly constituted a change in 

ownership and purpose of use were found in ADWR records but missing from Water 

Strategist. Exactly how many legitimate changes in ownership are missing is 

unfortunately extremely difficult to determine due to the limitations of ADWR’s records 

described above. While the limitations of both data sets precluded their merger into one 

data set, considered together but separately they can still generate helpful information 

about transfers of Type 2 groundwater rights.  

 

Frequencies and Prices 

Records from the Bren School data set (supplemented with qualitative 

descriptions of transfers from the Water Strategist archives) contain at least 103 

confirmed transfers (“conveyances” in ADWR terminology) in the Phoenix AMA 

(Figures 6.1. and 6.2.), and only 5 in the Pinal AMA during the period 1987-2009 (data 

not shown)60. In the Phoenix AMA, 98 transfers were sales and only 5 were leases. These 

totals are an undercount given that some transfers were included in the ADWR records 

but not in the Bren School data set; however, the Water Strategist data are the only viable 

data set with prices reported. The average price paid (adjusted for inflation to 2010 

dollars) for sales was $689/AF. The average of the five reported leases was $237/AF. 

However, this value is not very meaningful because the number of leases in the data set is 

so small, and because it is inflated by one unusually high-priced lease from 2009. After 

removing it, the average of the other four transactions is far lower ($65/AF). Changes in 

                                                
 
60 “Confirmed” because it was not possible to verify the AMA in which every transfer was 
located.  
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prices for Type 2 rights were discernible in some years but not others, depending on the 

number of transfers. For example, Water Strategist (Jan. 1995, p. 3) stated that from 

1993-1994 “prices for Type 2 rights in Phoenix AMA increased from around $700/AF to 

$800/AF”  ($1,121.02 to $1,281.17 adjusted for inflation to 2015 currency), while the 

next year “In Arizona, very few groundwater rights changed hands so no price trends 

were discernible” (Water Strategist, 1996, Vol. 9, p. 15). However, it appears that the 

prices for Type 2 rights have not experienced any marked increase over time. In January 

2005, Water Strategist reported that the going rate for Type 2 rights was between $1,100-

1,200/AF (Water Strategist, Jan. 2005, p. 2-3) ($1,382.06-1,507.69 adjusted for 

inflation). One interviewee explained that the price paid for transfers of Type 2 rights 

generally has much to do with the size of the right: 

…there’s a lot of Type 2s out there, there are some small ones, there 
are some medium size ones and some really big ones and when you’re 
looking to secure a permanent supply using Type 2, you have to right 
size it or else your total…if you’re buying a big water right and your 
demand’s only 50 acre feet, you’re overpaying ‘cause you have this big 
water right and you only have use for 50 acre feet. So size is really 
important and then actually size of Type 2 rights in sale transactions are 
starting to see…be a determinant of price. So there’s a lot of demand in 
sort of the 200 to 400 acre-foot range and so Type 2 rights within that 
range sell for a premium on a per acre foot basis. But the bigger Type 2 
rights, the 1,000 and 1,200 acre-foot Type 2 rights sell for a deep 
discount because there just aren’t that many large demands that can use 
groundwater, Type 2 groundwater. …the buyers for these rights are 
golf courses… (Interviewee 24, personal communication, 2015). 

 
Only one of the 103 transfers was categorized as “Ag to urban”; this was an 

atypical perpetual lease of a Type 2 right to a country club in Mesa by a “Salt River 

Valley water user.” Several were uncategorized.  Type 2 transfers typically fall under the 
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category of “urban to urban,” but can include water for livestock and dairy operations, 

which are officially classified as industrial users by ADWR.  

Type 2 rights are usually associated with relatively small amounts of 

groundwater, on the order of tens or a few hundred AF; the average allotment quantity of 

all the ADWR conveyances (632 Type 2 rights) was approximately 332 acre-feet, with a 

minimum size of 0.2 AF and a maximum of 4,687 AF. 

Groundwater rights trading in 1994 was characterized as “expanding” by Water 

Strategist (Water Strategist, Jan. 1995, p. 3) and “firm” in 1995, although they also noted 

that in 1995 “In Arizona, very few groundwater rights changed hands so no price trends 

were discernible.” (Water Strategist, Winter 1996, p. 15). Both Figures 6.1. and 6.2. show 

a clear uptick in Type 2 transfer frequencies starting in the early 2000s, which coincided 

with the surge in housing development that occurred during these years.  
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Figure 6.1. Number of transfers (sales and leases) of Type 2 non-irrigation grandfathered 
groundwater rights in the Phoenix AMA reported in the Bren School Water Transfer data 
set, 1987-2009. 

 

 
Figure 6.2. Yearly sums of minimum annual acre-feet for Type 2 non-irrigation 
grandfathered groundwater rights in the Phoenix AMA reported in the Bren School Water 
Transfer data set, 1987-2009. 
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An interviewee noted that the frequency of transfers in the Type 2 market is likely 

limited by a couple of factors. One is that there is relatively little demand for both very 

small and very large quantities of groundwater, and the second relates to the ability of 

new industrial users to obtain a permit to pump groundwater at less cost than purchasing 

or leasing a Type 2 right: 

Interviewee 24: “Yeah. And so pretty much all of those buyer types that 
I mentioned can benefit from a 200 to 400 acre-foot supply. Very few 
of them need 1,000 acre-feet though so that’s why you see that price 
differential. The other interesting thing that limits the Type 2 market is 
there are these things called general industrial use permits which is 
access to groundwater, a lot of the same benefits as a Type 2 water 
right but you don’t have to buy it. You just apply to the department and 
get it. There are some restrictions clearly on who’s able to get one, 
who’s eligible for them but in my experience on the ground it’s not 
very restrictive. 

ZS: And if there’s less cost in obtaining the permit compared to buying 
a Type 2 right then… 

Interviewee 24: Yeah, the permits are basically free. If those 
weren’t available, I think we’d see more Type 2 trading 
(Interviewee 24, personal communication, 2015). 

 

In other words, there may be little incentive for industrial users to purchase a Type 2 right 

when they can simply apply for a groundwater use permit from the ADWR for less cost. 

 

Who buys Type 2 groundwater rights? 

The ADWR records indicate that although Type 2 rights have been acquired often 

by realty firms and housing developers, only a few municipalities have purchased type 2 

rights, and those that have are those in the west basin of the Phoenix AMA: Avondale (68 

AF in 2004), Goodyear (516 AF in 2007), and Gilbert (8 AF in 2008). There are couple 

cases of golf courses purchasing them, as well as a couple of cemeteries and a couple of 
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private water companies in both Phoenix and Pinal AMAs.  There was one instance of 

Maricopa County buying a type 2 right and one of a hospital purchasing one in 1987 (524 

AF).  Most of the Type 2 acquisitions are by various LLCs and LLPs. One firm, Aqua 

Capital Management was the buyer in 11 different transfers totaling 3,813.5 AF during 

just three years, 2007-2009. Another private firm, Mojave Ventures, LLC acquired 6,196 

AF of Type 2 rights in 2011 in two transactions not reported in Water Strategist. The 

acquisition by Mojave Ventures was described by one interviewee in the following 

exchange about the holders of larger Type 2 rights: 

ZS: So who are the main holders of these bigger [1,000+ acre-feet] 
Type 2 rights? 

Interviewee 24: So I don’t know all of them but there are a few that 
come to mind. Central Arizona Project actually holds some very large 
Type 2 water rights that they’re not using. Those water rights were 
established because there was groundwater use going on in association 
with construction of the canal. And that was during the 1980 to ’85 
time period that was the historic use sort of basis for allocating those 
groundwater rights. So they have like 5,000, 7,000 acre-foot Type 2 
rights that they’re not using. A couple other big ones. So there’s a 
group called Mojave Ventures that…and they’re an investment firm 
focused on water rights and they bought…they bought one Type 2 that 
was like 4,100 acre feet, quite large, and then they have a couple others 
that are sort of 800 to 1,200 acre feet. 

ZS: Do you know who the original holders were? 

Interviewee 24: One of them was a land developer. I’m not sure who 
the others were. I think most of those came out of distressed land 
developers in sort of 2008, 2009. One of them came from a golf course 
(Interviewee 24, personal communication, 2015). 

 

The interviewee reiterated that most of the transfer activity takes place for rights 

in the range of 200-400 AF. However, some smaller rights are used for 

construction purposes, as explained in the following exchange: 
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ZS: Some of these [Type 2 rights] are quite small, aren’t they, just… 

Interviewee 24: Yeah, there are Type 2 rights for one acre-foot out 
there, yeah. 

ZS: And do those…is there much demand for those really small ones? 

Interviewee 24: Not really. I’ve seen sales of between 15 and 25 acre-
foot Type 2 rights. That’s another group that actually can benefit from 
them and you might include that is Type 2 rights make great 
construction water for… Arizona Department of Transportation has 
used them for road construction, land developers use it as construction 
water. So what they’ll do, like Pulte for example will buy a 25 acre-foot 
for example Type 2 right and then they can just move it around to each 
of their different developments in that AMA as they need it 
(Interviewee 24, personal communication, 2015). 

 
  

This informant also explained the regulatory reason why municipal providers do not 

participate in the market for Type 2 rights: 

So in the Edwards, San Antonio water system is buying a ton of 
Edwards Aquifer permits ‘cause they can actually use the water. In 
Central Arizona in AMAs municipalities can’t benefit from 
acquiring Type 2 water. Any groundwater that’s pumped pursuant 
to a Type 2 water right still is either counted against their 
groundwater allowance and their assured water supply portfolio or 
has to be replenished. So there’s no advantage to a municipality 
generally to acquiring a Type 2 right. There’s one exception and that’s 
the city of Buckeye and that’s pretty detailed to get into that. 

So anyways, you cut out the whole municipal market and that’s a huge 
demand sector that can’t really benefit from Type 2 so you’re limited to 
power generation, dairies, golf courses, cemeteries have been leasing 
Type 2 rights. Who else? It’s mostly dairies and then turf irrigation and 
then power generation in some cases. And most of those demands, 
when you think about them, aren’t particularly large. Like a golf course 
will use sort of 500 to 800 acre feet a year. A lot of golf courses also 
rely on reclaimed water. …So they have Type 2 sort of as reliability 
water, just a sort of cheaper…supply (Interviewee 24, personal 
communication, 2015). 
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Coordination and transaction costs of Type 2 rights transfers 

This informant also spoke to other key aspects of the Type 2 groundwater rights 

market, specifically: (a) how exactly transfers can come about, and (b) how much 

coordination of transfers there is. The expert described how the Type 2 market functions 

as follows: 

Interviewee 24:  It’s all a very informal word of mouth. (...) Usually the 
way these transactions are done is someone identifies a need to acquire 
water. What they’ll do is they’ll probably request the list of all the Type 
2 rights that exist from DWR. What’s interesting is that list shows annual 
use and so what they’ll do is they’ll start calling around or they will hire 
someone to start calling around on their behalf the users that aren’t using 
the full amount of their Type 2 right and then they can either… There’s a 
lot of different things they can do. They can either lease the unused 
amount, they can buy the whole thing and then lease back what the seller 
needs since you have to buy it in full. 

…that’s really the way these things happen. I get calls all the time from 
people either looking to sell extinguishment credits for Type 2 rights or 
looking to buy and just saying, ‘We have this need,’ usually in a size or 
‘We have this asset for sale. Do you know anyone who is buying or 
selling?’ So it’s very informal word of mouth and these transactions 
happen slowly also is the other thing and I think that’s partially as 
a result of the way that market operates. 

ZS: … It’s not...a thing that you can just go look [groundwater 
transfers] up on the Internet... 

Interviewee 24: Yeah, you definitely can’t. No (Interviewee 24, 
personal communication, 2015). 

 

However, once the parties find each other, transactions are fairly simple: 

Interviewee 24: Yeah. And for Arizona it depends on what type of 
water you’re trading but for the water use, the Type 2, the 
extinguishment credits it’s just a very simple one- to two-page form 
you fill out and submit to DWR basically for them to track ownership 
and use of the water and that’s pretty much all it is. So pretty 
streamlined like the Edwards. 

ZS: So it seems like most of the leg work is actually… 
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Interviewee 24: Identifying buyers and sellers, negotiating the 
agreement, yeah. That’s where most of the leg work is. (Interviewee 24, 
personal communication, 2015) 

 

In other words, the bulk of transaction costs associated with Type 2 rights 

transfers are in the initial coordination phase where buyers must spend effort to 

find willing sellers or hire a third party to do so and act as broker. 

 

Transfers of extinguishment credits 

In addition to Type 2 groundwater rights, extinguishment credits are the other 

type of groundwater supply that can be freely transferred among different categories of 

users via market transactions. It is important to remember that extinguishment credits are 

just that – credits – and not rights themselves per se. For practical purposes, however, 

they are important because they are in effect (paper) water supplies that can be used to 

satisfy AWS requirements. They may be transferred from one party to another unless and 

until they are “pledged” to a designation or certificate of assured water supply as 

explained earlier in this chapter. Credits that are pledged have been used to satisfy the 

groundwater allowance for a specific new development. Once that happens they are 

permanently “off the market.” Credits may be pledged at the time of extinguishment or 

the party who purchased and extinguished the grandfathered right may retain them 

indefinitely until a willing buyer can be found in the AMA. What is not clear is how 

many extinguishment credits have been generated, who owns them, and the extent to 

which there is an active market for them.  



	 247	

 The records requested from ADWR were for (1) the total volume of 

extinguishment credits to date and (2) the volume of extinguishment credits that have 

been conveyed to a developer for fulfillment of the AWS requirements in each year. 

Records were requested for both the Phoenix and Pinal AMAs. As shown in Table 6.2, 

based on the records received from ADWR, over 1 million acre-feet of extinguishment 

credits have been generated from the retirement of IGRs, Type 1, and Type 2 

groundwater rights. Far more – 46 times as many – extinguishment credits have been 

generated in the Phoenix AMA than in the Pinal AMA, where the pressure to convert 

irrigated farmland has historically been much less than in areas closer to the urban core 

and suburbs of Phoenix.  

 The records indicated that credits generated from an extinguishment of a 

grandfathered right are often pledged (i.e., transferred) to another party at the time of 

extinguishment. In such cases, the credits are typically either pledged to a particular 

Certificate of Assured Water Supply (as for an unincorporated development) or Assured 

Water Supply Designation (as for a municipal provider); the number of the certificate 

was included in the records in these cases. Credits may also be pledged at any point in 

time after the extinguishment. In a few cases, credits were pledged but no certificate 

number or designation number was provided. In most of these cases, the credits were 

pledged either to a designated service area or a private water company.  

Of the approximately 1.3 million extinguishment credits generated in the Phoenix 

AMA, about 30% (376,060.76 AF of credits) have been pledged, leaving 911,658.40 still 

available to be transferred to another party. This can be thought of as the amount of 

credits that were still “on the market” when the records were requested in fall 2013. 
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 Based on the analysis up to this point, it is evident that ADWR and the AWS rules 

have created a market (or at least the conditions for one) for extinguishment credits.  

Arizona is not often discussed as having a groundwater market, and extinguishment 

credit transfers were never reported in Water Strategist for reasons that are unclear. 

Although the credits are not rights themselves, they are similar in function in some 

respects, as they allow the transfer (on paper, not physically) of groundwater pumping 

from older types of uses to meet new demands. The creation of extinguishments 

indirectly gives some amount of market value to grandfathered irrigation rights (once 

extinguished) because credits may be sold separately from the land. It is a bit of a mixed 

benefit to farm owners because the amount of credits generated from retiring farmland 

decreases every year to zero in 2025, so farmers who permanently retire their land at that 

point will not have any additional benefit for doing so that derives from their irrigation 

rights. The point, though, is that it is not fair to say that there is no market for 

groundwater in Arizona. ADWR has through its rules and those in the statutes, essentially 

created two markets for groundwater by regulatory means: Type 2 grandfathered rights 

and extinguishment credits.  
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Table 6.2. Grandfathered groundwater right extinguishment credits generated in the 
Phoenix and Pinal Active Management Areas, 1995-2013.  

   Phoenix AMA  Pinal AMA 

 Total extinguishment credits generated   1,287,719.16  27,891.21 

 Total credits pledged to Assured Water 
Supply Certificate or Designation, or to 
a designated service area or private 
water company   376,060.76  15,107.47 
 Conveyances for Certificate of Assured 
Water Supply   48   70  
 Volume of Conveyances for Certificate 
of Assured Water Supply (subdivisions)  64,087.68   5,185.34  
 Conveyances for Assured Water 
Supply Designations   190   37  
 Volume of Conveyances for Assured 
Water Supply Designations (water 
providers)  279,558.88   9,880.33  
 Unpledged extinguishment credits still 
available   911,658.40  12,783.74 

Note: 1 extinguishment credit equals 1 acre-foot of groundwater.  

 

Who owns extinguishment credits? 

In addition to frequency and volume of conveyances, it was possible to determine 

whom the credits were transferred to. In Pinal AMA there were 61 extinguishments 

totaling 12,697.56 credits that had not been pledged at the time the data were requested. 

In Phoenix AMA there were 266 unpledged extinguishments totaling 730,767.64 credits 

(Table 6.3.).  
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Table 6.3. Unpledged extinguishment credits in the Phoenix and Pinal AMAs. 

  Phoenix AMA  Pinal AMA  
Credit owners (unpledged)  101  34 
Total credits  730,767.64   12,697.56  
Average credit total  7,235.32   373.46  
Minimum  139.05   7.27  
Maximum  150,144.90   6,150.00  
Top 5 owners  368,768.09   9,691.50  

Note: 1 extinguishment credit = 1 acre-foot of groundwater 

 

There are three times as many individual entities holding extinguishment credits 

in the Phoenix AMA than in the Pinal AMA. The average volume of credits held by an 

entity was also much higher than in Pinal, and the maximum total held by any one entity 

was several times higher than in the Pinal AMA. The credits in both AMAs are highly 

concentrated in the top several holders. In the Phoenix AMA, the top 5 credit holders 

accounted for half of all the available credits in the AMA. In Pinal, the amounts were 

much lower but the concentration even higher, with the top 5 accounting for about 75% 

of all the credits available in the AMA. A single company, Mikron Industries, Inc., holds 

almost half (6,150.00 AF) of all the credits in the Pinal AMA, though this is less than the 

average credit holdings in the Phoenix AMA. Mikron Industries skews the average and 

when it is removed, the average drops to 198.41 AF. 

ADWR records indicate that somewhere around 70-80% of all the extinguishment 

credits generated as of 2013 were owned by private parties of some kind (e.g., individuals 

or firms). Municipalities in the Phoenix metro area account for around 20% of the 

extinguishments, the majority of which are pledged to these cities’ Assured Water Supply 

Designations and are thus no longer available for transfer. As shown in Table 6.4., with 

the exception of the Town of Gilbert, the major municipal owners of extinguishment 
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credits (pledged and un-pledged to Assured Water Supply Designations) are located in 

the West Salt River Valley. The cities of Surprise, Glendale, Goodyear, Avondale, and El 

Mirage each hold over 10,000 credits. These communities are highly dependent on 

groundwater because they lie either partially or totally outside the boundary of the Salt 

River Project surface water service area and also lack a direct physical connection to the 

Central Arizona Project canal, thus making their renewable surface supplies for new 

growth limited. Conversely, the cities within the SRP service area and closer to the 

urbanized core are either at the bottom of the list (e.g., the cities of Mesa and Tempe) or 

absent from it (the cities of Phoenix and Scottsdale). The municipalities in Table 6.4. 

account for 20% of all the extinguishments (pledged and unpledged) in the Phoenix 

AMA.  

 

Table 6.4. Municipal service areas and groundwater extinguishment credits in the 
Phoenix AMA as of fall 2013.  

Municipality Extinguishment 
Credits Owned 

Location in the 
Phoenix AMA 

Town of Gilbert  56,797.27  East Valley 
City of Surprise  49,746.96  West Valley 
City of Glendale  45,789.24  West Valley 
City of Goodyear  45,144.05  West Valley 
City of Avondale  33,159.37  West Valley 
City of El Mirage  12,744.48  West Valley 
City of Chandler  8,706.75  East Valley 
City of Peoria  3,216.12  West Valley 
City of Tempe  2,856.00  East Valley 
City of Mesa  2,477.87  East Valley 

Note: 1 extinguishment credit = 1 acre-foot of groundwater. 

 

In the Phoenix AMA the only public credit holders of unpledged credits were the 

City of Goodyear, Town of Gilbert, Town of Queen Creek, the Arizona Board of 
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Regents, and the Arizona State Land Trust. The other 96 holders of unpledged credits 

consisted primarily of homebuilders, developers, and, including familiar names such as 

Del Webb, Pulte, and D.R. Horton. A handful of private investment firms also hold large 

amounts of credits. The biggest credit holder by far was Sun MP Investments Property, 

LLC with 150,144.90 AF of credits. This is over 70,000 more than the #2 owner, GRP 

Interests, LLC with 79,743.78. Aqua Capital Management, LP was the #5 credit holder 

with 27,909.38.   

 

Prices for extinguishment credits 

Although ADWR records did not include prices paid, there is some anecdotal 

information available. One expert familiar with extinguishment credit transfers explained 

that credits in the Phoenix AMA have been sold generally in the range of $30-$50/AF 

(Interviewee 24, personal communication, 2016). However, in a recent transaction, the 

West Valley City of El Mirage established an agreement with two of the bigger private 

owners of credits – Greenstone Resource Group, LLC and GRP Interests, LLC – for the 

right to acquire up to 29,280 AF of extinguishment credits for $150 per acre-foot. This 

price is much cheaper than the CAGRD’s rates of $574 per AF (Haldiman, 2014).  This 

single transaction represents a marked increase over the typical price range in previous 

years, though it remains to be seen whether this is indicative of a new price range or just 

an anomaly.  

In the Pinal AMA, where the demand for extinguishment credits has been far 

lower than in Phoenix, it is not clear what the value of the credits is. ADWR staff 

explained it this way: 
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 Some of the farmers [in Pinal AMA] are feeling pressured to 
extinguish their right right away to be able to get the maximum amount 
of credits because they feel that these credits are like their inheritance 
that they pass on to their children and it’s really worth something. 
…there’s not really a market, at least in the Pinal AMA, for 
extinguishment credits right now. It’s not clear what value they 
have. They could go up in value at some point in the future but we 
really don’t know. And the kicker is, if you get to the point where 
there’s not enough groundwater or there’s no physical availability 
for development, then those extinguishment credits are worthless. 
One of the criteria for obtaining assured water supply is you’ve got to 
prove that the water is there. If you’re going to be using groundwater, 
you can only go down to 1,100 feet. If it’s down to that bottom, then 
extinguishment credits aren’t going to help you. It would just be a way 
of using groundwater but if there’s not enough, you’re kind of out of 
luck (ADWR staff, personal communication, 2013). 

 

There is an absence of a market for credits in the Pinal AMA that is quantifiable based on 

some average price range. There is little or no consensus among buyers and sellers on 

what credits are worth, especially in the Pinal AMA, where based on the following quote 

there is a major gap between what the deal brokers and the sellers think their 

extinguishment credits are worth: 

My experience has been when you call the farmers [in Pinal AMA] 
they value their credits very, very highly…And usually it leads to 
giggling … ‘Cause I’ve called a few of them and they are just way out 
of whack on their prices (Interviewee 25, attorney, personal 
communication, 2015). 

 

Factors influencing market activity for extinguishment credits 

While the ADWR records were valuable for determining what kinds of users own 

extinguishment credits, in which AMA, and in what amounts, the lack of prices recorded 

and the lack of information distinguishing credits obtained administratively versus in a 

market transfer failed to shed much light on the extent to which there is an active market 
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for extinguishment credits.  However, interviews with experts involved with water rights 

transfers were able to explain some of the key factors affecting the market for 

extinguishment credits.  

The fact that 70% of the extinguishment credits that have been generated as of fall 

2013 were still unpledged raises the question of how much demand for them there 

currently is. One could reasonably expect that they would be in high demand given that 

(1) they are an inexpensive source of (paper) water that can be used to meet AWS 

requirements and (2) there is a finite supply since no more extinguishment credits can be 

generated after 2025 in the Phoenix AMA. Surprisingly, interviewees explained that there 

is little demand for the credits. One stated that the number of extinguishment credit deals 

in the Phoenix AMA between 2010 and 2015 had been five or fewer per year, including a 

couple of years with zero transactions (Interviewee 24, personal communication, 2016). 

Why is this so? 

The first reason why there is low demand has to do with the formula used to 

determine how many credits are generated from extinguished farmland. While it is 

technically possible to satisfy the AWS requirements with credits only, the amount of 

credits that are generated from extinguishing a farm is relatively small in relation to many 

demands over the course of 100 years. One expert with extensive experience conducting 

water rights transfers offered the following example to illustrate: 

So I retire a 100 acre farm…let’s say I get 1.4 credits for each acre, 
okay? So I’m going to get 140 credits from that farm, that 100-acre 
farm. That same 100 acre farm, let’s say we can put three houses per 
acre on it so let’s say we’re going to get 330 houses on there and 
they’re going to have a water demand of 200 acre feet per year. For 100 
years … I need 20,000 acre-feet of credits and I got 140 from that 
farm. So I need a lot of those farms. I need to buy credits from 
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other farms in order to get enough to cover…  That’s why people 
don’t do it.  

You would have to buy so many fields to get enough credits to 
cover a typical subdivision demand that it just doesn’t happen 
‘cause it would be difficult and expensive to do that. Whereas, you 
have an alternative right now, which is enrollment in the Central 
Arizona Groundwater Replenishment District where the 
homeowners every year will pay a district to put water back in the 
ground to cover their 96 percent [renewable supply requirement 
per AWS rules] (Interviewee 25, attorney, personal communication, 
2015). 

  
 

In other words, at least two factors combine to limit the desirability of the credits 

as a way to meet new demands: (1) the costs associated with purchasing the farmland, 

and (2) the increasingly large “cut” to the original grandfathered right that is converted to 

credits. The extinguishment credits do mean that there is some value to the farmers’ 

water rights, but the reductions relative to the quantity of the original grandfathered right 

are significant enough that new developments require much more water than can be 

obtained through extinguishment credits alone in order to meet the 100-year AWS 

requirements. One informant explained it this way in relation to the Pinal AMA where 

more credits are generated from extinguishments than in Phoenix: 

You got a lot of credits for your hundred acres [in Pinal AMA] and you 
only needed to cover a little bit of the demand so you could often 
develop on a farm parcel and cover it with just what you got from that 
farm parcel. So that made the farmland attractive but I tell you what, the 
developers still don’t look at that as a reason to buy land. They look 
at development reasons to buy land. Do people want to live there? Is 
it a good place to build a house? They don’t look at water 
(Interviewee 25, attorney, personal communication, 2015). 
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Thus, it appears that the retirement of farmland is not primarily driven by a 

demand for the credits generated from extinguishments. Rather, it is the location of the 

land that is the more decisive factor.  

Yet this does not totally explain why there are so few deals in the Phoenix AMA. 

If accumulating credits by buying farmland is not cost-effective, there is still the option 

of simply buying credits from other owners for relatively low cost, thus avoiding the 

major cost of land purchases. Further, as previously mentioned, the purchase of a large 

block of credits by the West Valley city of El Mirage from two private firms 

demonstrates this very strategy. However, it turns out that the El Mirage deal is an 

exception to the norm, and for a specific reason that has to do with the reporting 

requirements of the CAGRD.  

   

ADWR determines the allowable amount of groundwater mining based on the 

AWS rules. If a proposed water use (e.g., a new subdivision) has future water demand 

once built out that is greater than the allowance, the “excess” (i.e., unmet) demand must 

be met with renewable supplies. A popular way of doing this for developments without 

access to renewable supplies is to enroll in the CAGRD which indirectly meets the AWS 

requirements for them by replenishing aquifers with renewable water. Renewable surface 

supplies are comparatively expensive and continually shrinking as new demands 

increase. Therefore, the CAGRD depends on revenue from its members in order to 

purchase the amount of surface water rights it needs in order to fulfill its replenishment 

obligations for its groundwater-dependent members.  



	 257	

Recall that the AWS rules allow users to use the lump sum groundwater 

allowance granted by ADWR right away or spread it out over a number of years. 

CAGRD generates revenue from rates paid based on the excess groundwater portion of 

groundwater pumped by its member lands and providers because that is the quantity they 

must offset with replenishment. This means that “…if a member could use all of its 

allowable groundwater before reporting any Excess Groundwater uses to CAGRD, then 

CAGRD would potentially have no replenishment obligations for that member for years 

or even decades.  Without a replenishment obligation, CAGRD would have no 

mechanism for collecting assessments and taxes from its members.  CAGRD could not 

initiate operations with a possibility of little or no revenue generation during its first ten 

years.” (CAGRD, 2004).  

CAGRD addressed this issue by requiring its members to report at least two-thirds 

of the total groundwater pumped as excess groundwater annually, thus allowing CAGRD 

to collect fees every year.  This means that no matter how big the groundwater allowance 

a provider might have, they cannot avoid paying annual fees to the CAGRD by reporting 

zero excess groundwater for several years in a row. This effectively forces them to spread 

their groundwater allowances out over many years instead of burning through them in a 

few years.  

Why is this seemingly trivial reporting requirement important to understanding 

the market for extinguishment credits? As one interviewee explained, the major effect of 

this two-thirds minimum requirement is that it removes much of the financial incentive 

for CAGRD members to buy extinguishment credits from other credit owners. This is 

because even if one purchases extinguishment credits (thus increasing their allowable 
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non-excess groundwater pumping), they must still pay the annual assessment fee for the 

member lands, in addition to the cost of the extinguishment credits. Since CAGRD 

members are locked in to paying upwards of $500/AF on the majority of their annual 

groundwater pumping no matter what, and only up to one-third of a member’s 

groundwater use can come from the allowance every year, increasing their groundwater 

allowance via extinguishment credits is of little value in most cases. The main effect they 

would have for CAGRD members is to postpone to some extent the future date at which 

the total allowance is exhausted. One interviewee believed that if the CAGRD didn’t 

have the minimum reporting requirement, the extinguishment credit market would be 

more active, but also emphasized that the reason for the rule is CAGRD’s need for 

financial risk management, i.e., the need for predictable revenue, without which it would 

be difficult for them to do their job of obtaining new renewable water supplies 

(Interviewee 24, personal communication, 2016). 

 A question remains, however: based on this discussion, why did the city of El 

Mirage – a member of the CAGRD – purchase 30,000 AF of credits? The answer is that 

it is a special case. According to El Mirage’s agreement with the CAGRD, the minimum 

two-thirds reporting requirement expired in 2014. This was confirmed by my review of 

El Mirage’s Member Service Area agreement which shows that El Mirage would have no 

minimum as of the 2015 Reporting Year. This means that starting in 2015, 

extinguishment credits allow El Mirage to avoid paying CAGRD assessment fees which, 

even at the price of $150 the city paid for extinguishment credits, are still significantly 

less expensive than CAGRD’s rates which are projected to stay above $600/AF at least 

through 2019-2020 (CAGRD 2015). According to one expert interviewed, El Mirage is 
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the only city with a member agreement that is structured in this way (Interviewee 24, 

personal communication, 2015) 

 This raises an additional question: will there be any demand for extinguishment 

credits in the future? It is clear from the records, and confirmed by an interviewee 

(Interviewee 24, personal communication, 2015) that a few private investment firms are 

hoping this will be the case. As of fall 2013, at least two firms engaged in speculative 

acquisitions of credits held relatively large quantities. Aqua Capital Management LP held 

27,909.38 credits, and the multiple LLCs under the Greenstone umbrella held a combined 

total of 160,324.79 credits before the sale to El Mirage.  The question of future demand – 

would these firms be able to sell these credits? – was posed to one expert, who responded 

that despite the recent notable sale of credits from private firms to the city of El Mirage, 

demand from cities is unlikely to increase unless the CAGRD reporting requirement is 

changed for other members, and that it is difficult to say who the likely buyers would be 

otherwise (Interviewee 24, personal communication, 2016). As the data show, most of the 

holders of unpledged (i.e., transferable) extinguishment credits are private parties. This 

expert further explained that many developers who bought farmland, extinguished it, and 

acquired credits are still holding onto them because they have not built on the land yet. 

Once the land is developed, and if it is incorporated into a municipality, the credits may 

be transferred to the municipality free of charge and not as a market transaction 

(Interviewee 24, personal communication, 2016). This non-market transfer of 

extinguishment credits through annexation/incorporation is a practice the groundwater-

dependent West Salt River Valley City of Goodyear has used, for example (Interviewee 

24, personal communication, 2016).   
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If the market demand is unlikely to come from the cities, it is also not likely to 

come from developers.  This is because, unlike Municipal Service Areas, which must 

acquire water supplies for long-term use, individual land developers who enroll their 

subdivision plats in the CAGRD do not have any long-term obligations once the homes 

are sold. Developers are only required to pay the required one-time fees at the time of 

enrollment. Once the homes are built and sold, the annual assessment fee obligation to 

the CAGRD is transferred to the individual homeowner. Thus, there is no incentive for 

developers to accumulate any extinguishment credits over and above those that are 

transferred with the purchase and retirement of the farmland. 

 A key point that emerges from this analysis is that even though they are type of 

water that can be used to meet AWS requirements,  extinguishment credits are not a 

driver of development. Instead, they are more of an accessory or byproduct of it with 

limited value for most groundwater users. Finally, to put this in the larger context of 

water needs in the Phoenix and Pinal AMAs, at least at present (possibly as an extended 

result of the fallout from the housing market crash of 2007-2008), there is relatively little 

demand overall for water rights on the part of various entities because most users have 

adequate water supplies to meet current demands. Interestingly, one expert stressed their 

inability to broker water rights transfers in general for this reason: 

It’s just like I said, right now I can’t sell water for the life of me. Tell 
that to somebody in California and they’re just aghast but it’s just like 
we have enough for our present uses and people don’t have a need for 
more. The only one that is out buying [renewable water supplies] is 
CAGRD and they are doing a good job. (Interviewee 25, attorney, 
personal communication, 2015).  
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6.5. Conclusion 
 

In this chapter I have shown that Arizona does have two markets for groundwater: 

Type 2 grandfathered rights and extinguishment credits.  Several conclusions emerge.  

In terms of volume, extinguishment credits are much more important than Type 2 rights 

for meeting urban demands. Core cities have relatively little interest in purchasing either 

Type 2 rights or extinguishment credits and despite having the highest demands, do not 

drive the market – such as it is – for these transferable groundwater rights and credits.  

 
Prices paid and inter-annual frequencies were not reported in the data, making a 

basic economic analysis of the “market” for these credits extremely limited. Anecdotal 

evidence suggests that prices recently paid for large quantities is around $150 per acre 

foot. Over 1 million AF of credits have been generated in the Phoenix AMA. Many fewer 

have been created in the Pinal AMA, where groundwater allowances are greater and there 

is no safe yield management goal, and less development due to greater proximity from 

metro Phoenix. The biggest credit holders are private firms, at least in part for speculation 

purposes; Greenstone Resource Partners, LLC is the biggest holder with 85,000 AF of 

credits. The major public holders of extinguishment credits are towns in the West Salt 

River Valley. These towns have developed on farmland and raw desert. They lack 

physical access to surface water supplies because they are not hooked up to the Central 

Arizona Project canal and are outside the service area of the SRP. Interviewees explained 

that extinguishment credits are not necessarily a major component of these cities’ typical 

water supply portfolio, instead serving as insurance in the event of excessive demand 

unmet by other water sources, including other groundwater rights. Finally, despite the 

generation of lots of credits, there have been few sales and the market is largely inactive.  
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Perhaps the most notable thing from an institutional economic perspective is that 

these two markets are not robust. From a strictly efficiency-focused perspective, this 

might be seen as a flaw in the system. I argue that the fact that they are not highly active 

(or efficient) is not necessarily a defect in the system, but simply an artefact. Minimally 

active markets can still serve a purpose for certain types of users and are a product of 

institutions that reflect fairness or political compromise much more than efficiency 

values. The preceding analysis identifies institutional reasons that account for this. They 

generally have to do with the fact that the rules that allow these markets to exist are 

subordinate to the larger institutional architecture of the AGMA.  

For example, the Type 2 market is limited by rules that restrict sub-types of rights 

to particular sectors and that create little or no incentive for new users of groundwater, 

which are primarily urban cities, towns, and developments, to purchase the unrestricted 

sub-type. These rules constrain trading but make some sense in relation to the larger 

goals of the AGMA because the persistence of grandfathered groundwater rights (which 

are essentially rights to mine groundwater without replenishing it) is one of the primary 

barriers to achieving safe-yield (Maguire, 2007). The existence of the general industrial 

use permit means that industrial groundwater use more broadly is not capped. The market 

for Type 2 rights could potentially be stimulated in several ways. ADWR could cease 

granting general industrial use permits, which are not limited in number and allow new 

industrial users a way to pump groundwater at less cost than purchasing a Type 2 right. 

This would effectively cap industrial groundwater permits and perhaps make Type 2 

rights more valuable. ADWR could also act further to reduce the transaction costs of 

linking buyers and sellers of Type 2 rights. The AWS rules could be changed such that 
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Type 2 rights can be used by new developments to prove an assured water supply.  But 

even if Type 2 rights were more actively traded and utilized, this would only run counter 

to the larger effort to achieve safe-yield because they are still rights to mine without 

replenishment. If Phoenix AMA is to actually attain safe-yield, grandfathered rights of all 

kinds must continue to be extinguished (Maguire, 2007; Smith, 2011).  Simply shifting 

around the right to mine groundwater through market transfers does not in and of itself 

address that goal.  

 In allowing marketable credits to be generated from extinguished grandfathered 

rights, the AWS rules recognize some value to the water previously used for mining. This 

is largely based on fairness (to farm owners) rather than efficiency values. Allowing them 

to be traded also provides a way for new developments to meet the requirements of the 

AWS rules.  By progressively ratcheting down the amount of credits that can be 

generated from a given size of water right over time, they also incentivize the earlier 

retirement of farmland. Additionally, in the Phoenix AMA, the amount of credits that can 

be generated from extinguishing a given grandfathered right is rather small in relation to 

the original right by design. This, along with CAGRD’s reporting rules for its members, 

limits the activeness of the credit market. In other words, the lack of activity in the 

extinguishment credit market is a product of prior institutional arrangements that were 

created to serve specific purposes. Ultimately, it remains to be seen whether the market 

for these credits will become more active in the future with additional urban growth in 

the Phoenix region. It is plausible that this may be the case after 2025 when 

extinguishment credits can no longer be generated. This is likely the hope of the 

speculators.  
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Chapter 7: The Role of Market-Based Groundwater Transfers in Governing 

Groundwater in the Edwards Aquifer 

 

7.1. Introduction 

 Groundwater markets in the western U.S. are still a nascent phenomenon. The 

Edwards Aquifer groundwater trading system has been recently cited approvingly by 

some water economists as a poster child for successful groundwater markets. 

Charalambous (2013, p. 131) states that “The case of the Edwards aquifer is a good 

example of the transfer of groundwater rights to achieve resources sustainability and 

reduce adverse impacts”; this sentiment is echoed by and Kuwayama (2014) and by 

Kaiser (2005, p. 486), who judged in 2005: 

A water market is also flourishing in the Edwards [Aquifer] region. The 
[Edwards Aquifer] Authority allows permit holders to transfer 
groundwater rights to other aquifer uses and uses throughout the region. 
As of January 2005, the Authority had recorded more than 515 transfers, 
totaling some 84,000 acre-feet of water, from irrigation to municipal use. 
This rural to urban transfer pattern will continue to grow. It is a quiet 
success story that has gone unnoticed. 

 

 With these thoughts in mind, in this chapter I evaluate the functioning of the 

market over several years in relation to the institutional and political factors that have 

influenced market behavior. In the following sections I develop an in-depth qualitative 

and quantitative analysis of this notable and illustrative example of a groundwater cap 

and trade system. I first examine the institutional factors that determine how transfers 

may occur in the Edwards Aquifer. I pay special attention to the development of the 

permit system and initial allocation. I then quantify the transfers that have occurred 
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(leases, sales, and the categories of users involved) before discussing the future role of 

the market as a water supply for urban demand in the San Antonio metro region.  

 

7.2. Identification and description of the institutions that determine how 

groundwater transfers occur in the Edwards Aquifer 

 
Data sources 

I obtained via public information request to the Edwards Aquifer Authority (EAA), the 

agency created to implement and oversee the cap and trade system, the complete record 

of all groundwater rights transfers in the Edwards Aquifer as of fall 2013. The 

groundwater transfer data set spans 14 years (1998-2012) and contains over 5,634 

individual transfer records, which include actual sales or leases of groundwater rights, as 

well as administrative actions such as modifications to existing permits. As in the case of 

Arizona, I relied on the UCSB Bren School water transfers database and also on the 

archives of Water Strategist. These data sources are described in chapter 6.  

 

Institutional design of the Edwards Aquifer Authority and cap and trade system 

The regional Edwards Aquifer system (Figure. 7.1) and its artesian springs 

provide habitat for several endemic species protected under the Endangered Species Act, 

including fish (Fountain Darter and San Marcos Gambusia), the San Marcos Salamander, 

and a species of grass called Texas Wild Rice. Several years of highly contentious 

political wrangling stemming from an early 1990s Endangered Species Act suit 

culminated in a then-groundbreaking policy reform in order to limit withdrawals to 

sustain springflows from the aquifer.  Maintenance of minimum stream flows were 
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determined necessary in order to preserve the habitat for endangered aquatic organisms 

and avoid further litigation (Votteler, 1998).  

 
Figure 7.1. The Edwards Aquifer Region of Central Texas, including the jurisdiction of 
the Edwards Aquifer Authority. Source: Edwards Aquifer Authority 

  
 

 
 

 

One informant directly involved with the development of the content of the 

legislation explained the principles and key considerations underpinning its general 

architecture as follows: 

ZS: So I’m interested in the fact that in the Edwards Aquifer Authority 
Act they decided to create a system of voluntary transfers and I’m 
wondering where the idea or text of the act itself kind of came from.  

Interviewee 13: …the regional planning effort in the ‘80s had outlined 
kind of the general principles of how the aquifer should be managed but 
for all practical purposes the actual legislation in the Edwards 
Aquifer Authority legislative outline was an effort that was largely 
spearheaded by the City of San Antonio with the city reaching out to 
the spring cities, New Braunfels and San Marcos, and the farming 
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community to the west and obviously [Guadalupe-Blanco River 
Authority] to put what I call the meat on the bones. The general 
framework had been there needs to be some kind of limit on overall 
production, there needs to be some recognition of historic reliance in 
terms of allocation and there needs to be real power to restrict or limit 
production during critical periods. Those were kind of the general 
framework themes that San Antonio went to work on. I can tell you that 
it was largely the political and business leadership of San Antonio at 
that time that determined that a legislative solution had to be 
implemented to protect San Antonio’s interests and literally went 
about convincing the other stakeholders that it was in their best 
interest as well. It’s been a long time but I can remember the meetings. 
The mayor of San Antonio, the city attorney, the chairman of the San 
Antonio Water System, the general manager of the San Antonio Water 
System and a couple of key members of the chamber of commerce sat in 
a conference room and literally outlined what this legislation should 
ultimately look like. And then it was a function of taking that outline, 
this document basically, out to the other stakeholders to see if we 
couldn’t gain some consensus on how to accomplish the overall goal. 
And you mentioned the market. What’s really interesting about that, 
Zach, is that if you look at the act, there’s virtually nothing in the act 
that says, ‘Hey, we’re setting this up so that a market can operate.’ 
It’s almost by implication as opposed to an explicit authorization to 
operate a market. But the thinking was that given the ownership 
interest of all the landowners over the Edwards Aquifer, legislation 
that forever allocated water to just historic users would be subject to 
a constitutional challenge as having caused a taking of those 
landowners’ rights. So the legislation preserved the domestic and 
livestock exemption for groundwater users that allows you to drill small 
well for domestic and livestock purposes and included this concept of 
transferability of permits. 

ZS: But it was never really like a debate, ‘Are we going to do this or not 
do this?’ It was just kind of implicit… 

Interviewee 13: It was implicit in the whole thing and part of the 
reason, Zach, that was the case was that unlike other groundwater 
aquifers, the impact of production was not local or put another way, 
it didn’t matter to the springs where water was being withdrawn. 
What mattered was that it was being withdrawn. (Interviewee 13, 
personal communication, 2014) 

 
Another expert involved in the discussions over a solution corroborates the above 

assertion that establishing a groundwater market was not an explicit consideration: 
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Interviewee 12: “I can’t say that we ever had any conscious discussions 
either in our spring flow group from this side of the aquifer or in all 
those facilitated meetings with the other people. I can’t say there was a 
conscious deliberation of…instead of just being a cap and there’s only so 
much in permits that can be issued and the permits are transferrable or 
they’re not transferrable, every framework I ever saw assumed that the 
permits would be transferrable. 

ZS: It was never like a debate whether we’re going to have transferrable 
permits. 

Interviewee 12: Well, San Antonio, which had up until the judge’s ruling 
had resisted any cap on…[withdrawals]. They came around. They were 
ready to go with some kind of cap.  

ZS: Just for pragmatic reasons? Just because they saw that something 
was going to happen? 

Interviewee 12: … I believe that they had a strategy in mind that was 
long term that realized that a cap was needed and a cap that allowed 
permit transfers would eventually accommodate the transfer of 
agricultural irrigation permits for municipal use in San Antonio. I 
believe that they had that strategy in mind. Again, there were never any 
conscious discussions of that and if you talk to the people in the San 
Antonio area, maybe they could say, ‘Oh, yeah, that was part of our 
strategy’  (Interviewee 12, personal communication, 2014). 

 
 
Another expert had this to say about the physical aspects of the aquifer that facilitate the 

transfer system: 

ZS: Do you have any other thoughts on the pros and cons of having a…a 
groundwater market having had so many years now to kind of look back 
and see how it’s functioned? 

Interviewee 11: “The market requires three things. Number one, you 
have to have an aquifer that responds pretty much the same 
regardless of where you’re pumping. So if I move the point of 
withdrawal from here to here, it doesn’t change the impact on the spring 
flow or on aquifer levels significantly. On surface water, one of the 
biggest fights you had is, ‘I want to change my point of withdrawal 
from…’ usually it’s from downstream to upstream. Everybody in 
between the two is going to be opposed to you doing that. The 
Edwards Aquifer, no one really cares. You move that pumping point 
from Medina County to Bexar County, it really doesn’t make any 
difference. It’s going to have the exact same impact on the aquifer. 
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They think that going past the Cibolo Creek line, getting closer to the 
springs might have a disparate impact on the springs. I’m not convinced 
there’s any real evidence that says that’s what happens. So there are 
restrictions on moving pumping centers closer to the springs past Cibolo 
Creek. But the aquifer itself, the physics, the hydrogeology of the 
aquifer facilitates the movement of the permits (Interviewee 11, 
personal communication, 2014).   

 

It is evident from these responses that the institutional design originated with the 

San Antonio Water System (SAWS) and was adopted and promulgated by the SAWS-led 

Regional Water Planning Group, an affiliation of regional urban interests. The quotes 

above are illuminating because they demonstrate that the creation of what amounted to a 

cap and trade market-based allocation system was never explicitly stated as such and was 

not driven by efficiency/economic logic, but rather (besides the general need to limit 

pumping) (a) fairness concerns deriving from the strong landownership-based private 

groundwater rights doctrine in Texas; (b) recognition of the particular physical attributes 

of the aquifer itself, i.e., the relatively homogeneous nature, and (c) recognition of the 

need for future transfers between agricultural and urban users. This is why the two 

interviewees could make statements to the effect that the impact of pumping is not local, 

that springs “don’t care” where the water was being withdrawn. As noted by the second 

interviewee and further explained below, this is not strictly true in all parts of the aquifer, 

but it is a broadly accurate characterization of the aquifer’s unique hydrogeology in 

connection to the springs. 

 

Main provisions of the EAA Act 

The authorizing legislation was comprised of three main features: (1) a cap on total 

withdrawals (2) the conversion of legally unlimited groundwater withdrawal rights under 
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the rule of capture legal doctrine to private, tradable, permitted ones; and (3) the creation 

of a state bureaucratic entity, the Edwards Aquifer Authority (EAA) responsible for 

management and administration.  The EAA is a state agency with a $33.5 million 

comprehensive budget that imposes duties on permit holders, who have to pay aquifer 

management fees, periodically file status and annual groundwater use reports, and 

implement conservation plans (EAA, 2015). The EAA has a multi-county jurisdiction 

(shown in red in Fig. 1) that corresponds mainly, though not entirely, with political 

(county) boundaries rather than hydrogeological ones. The EAA is set apart from the rest 

of the groundwater conservation districts in the state by its additional and specific 

regulatory authority and responsibilities, primarily that it is limited in the number of 

permits it may grant under the cap (Kaiser, 2011).  

 

Setting the cap on groundwater withdrawals 

The cap enumerated in the authorizing legislation was 400,000 AF per year, 

which was the scientifically recommended maximum amount that could be withdrawn 

during a repeat of the drought of record (which in Texas occurred in the 1950s) and still 

preserve spring flows adequate to protect the endangered species. However, the EAA 

wound up allocating 549,000 AF in permits. The permits were allocated based on 

historical use rates through an adjudication process with an appointed Special Master. 

The 400,000 AF mark was supposed to be achieved by 2008, 15 years after the court 

ruling, but legislation was passed in 2007 raising the cap to 572,000 AF (Votteler, 2008). 

 

Types of groundwater permits in the Edwards Aquifer 
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One of the important (and contentious) things accomplished by the EAA Act was 

to quantify the rights of every non-exempt groundwater user within the agency’s 

jurisdiction. This was a major change because it converted nearly-unlimited (at least 

legally, if not necessarily physically) private groundwater rights under the common law 

rule of capture into rights that fit the textbook legal definition of private rights, i.e., 

quantified, exclusive, and alienable from the land to which the right was originally 

appurtenant. Quantification through creating permits provided clarity about the rights for 

everyone, both users and the administrative agency, which is a key element for a 

functioning water market. Edwards Aquifer groundwater rights thus meet the primary 

criteria for a being a tradable commodity and the imposition of a cap on withdrawals 

legally created a condition of scarcity, allowing a groundwater market to develop.  

There are three general categories of the primary type of permits61, known as 

“initial regular permits”, within the EAA jurisdiction based upon the type of use: 

municipal, industrial, and agricultural (irrigation) (EAA, 2015 § 711.92). The quantity of 

an initial regular permit, regardless of the type of use, was based on demonstration of the 

maximum historical use in any one calendar year during the period June 1, 1972 and May 

31, 1993, provided the user filed the paperwork before March 1, 1994 and established 

“by convincing evidence beneficial use of underground water from the aquifer” (EAA 

Act § 1.16(a), (b), and (d)). Additional provisions were included in the statutes for 

irrigators, making irrigation permits somewhat more complicated than municipal and 

industrial ones. The most important stipulation was that the EAA Act (§ 1.16(e)) 

                                                
 
61 Most permits are regular permits, but the EAA may also grant permits for limited time periods 
called “term permits” (10 years maximum) (EAA Act § 1.19) and in emergencies (30 days) (EAA 
Act § 1.20). These are special cases and not based on historical use.  
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mandated a two-AF minimum per acre for irrigators who were able to demonstrate 

historical use: “An existing irrigation user shall receive a permit for not less than two 

acre-feet a year for each acre of land the user actually irrigated in any one calendar year 

during the historical period. An existing user who has operated a well for three or more 

years during the historical period shall receive a permit for at least the average amount of 

water withdrawn annually during the historical period.” If the irrigator could prove that 

they used more than 2 AF in any one year, then the greater amount was used. 

Additionally, irrigation rights are divided into two parts: an “unrestricted” portion 

and a “base” portion. Per § 711.95(b) “unrestricted irrigation groundwater is allocated to 

the original historically irrigated acres on a pro rata basis in an amount not to exceed 1.0 

acre-feet/acre/annum.” According to § 711.95(c), the base amount is similarly 

determined: “Base irrigation groundwater is allocated to the historically irrigated acres on 

a pro rata basis in an amount not to exceed 1.0 acre- feet/acre/annum.” So, with the base 

and unrestricted amounts combined, everyone who was able to demonstrate historical 

pumping received a permit for at least 2 AF/yr for every acre, unless they could prove 

they had used more than that. This 2 AF of groundwater applied per irrigated acre 

minimum is assumed to meet the requirement of beneficial (i.e., not wasteful) use under § 

711.94. Per § 711.95(a) of the EAA master rules (EAA, 2015), only the unrestricted 

amount may be transferred. 

Additionally, § 711.342 explains that an irrigation permit holder can convert base to 

unrestricted by installing more efficient irrigation equipment if it results in certain parts 

of the land no longer being irrigated in the corners of square plots in which a center-pivot 
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sprinkler has been installed, or if development has occurred around the land such that 

irrigation cannot be done.  

It is well-established that the farming community was highly opposed to the creation 

of a water market, at least in part out of opposition to any quantification (and thus 

limitation and regulation) of their historically unrestricted groundwater rights (Donahue, 

1998; Votteler, 1998). They were also concerned about the potential decline of irrigated 

agriculture in the region due to the third party effects of urban interests purchasing and 

transferring large amounts of groundwater out of agriculture.  As a defensive maneuver, 

the agricultural interests sought and obtained the insertion of language in the final 

legislation (EAA Act) that limited farmers to being able to transfer only 50% of their 

water right to another type of use (note that this does not support the presumption by 

Charalambous (2013, p. 132) that this 50% limitation was set in order to maintain a 

certain amount of irrigation return flow to the aquifer). As a result, irrigation rights were 

subdivided per EAA rules into two categories: base irrigation groundwater rights and 

unrestricted irrigation groundwater rights. Base irrigation rights are subject to 

appurtenancy restrictions, similar to Type I irrigation grandfathered rights in Arizona, 

and cannot be transferred to a non-irrigation use, although they can be leased to other 

irrigators for up to 10 years.  

Requiring so much irrigation water to remain within the agricultural sector would 

make it off limits to municipal and industrial users, thus preserving the lifeblood of the 

farming community within the EAA jurisdiction which is predominantly located west of 

San Antonio in Medina and Uvalde counties. Unlike base irrigation water, unrestricted 

irrigation rights are more freely transferable and can be sold or leased to non-irrigation 



	 275	

users (subject to some restrictions, described below) (EAA, 2015; n.d.-b). An irrigator’s 

total groundwater right is split 50/50 between base and unrestricted. This has the effect of 

making roughly half of the total irrigation rights in the EAA jurisdiction “off-limits” to 

non-agricultural uses. Interestingly, this rule keeps water within the local/regional 

farming community, while at the same time restricting the ability of farmers to sell and 

lease however much of their water right they wish (a more attractive proposition when 

groundwater rights are selling for over $5,000/AF).  More recently, there has been 

discussion among the farming community of lifting the 50% limitation, which will be 

discussed further below.  There are two provisions that allow base irrigation to become 

unrestricted: installation of water-conserving equipment that reduces the amount of base 

irrigation water used and (2) the land is taken out of production and converted to some 

other type of non-agricultural land use (EAA, 2015).  

 

Initial allocation of Edwards Aquifer groundwater permits 

From the perspective of institutional economics, the initial allocation of rights in a 

market system is of high importance because it constrains future outcomes and has 

distributional effects on benefits. There is no single best way to allocate rights when 

creating a market-based allocation system, and the choice of method may be politically 

contentious based on how historic users and potential new users fare under a given set of 

rules, especially if the total use is constrained. This was true in this case. While the three 

basic categories of groundwater rights are relatively simple for the Edwards Aquifer, the 

process of actually determining the total amount available to allocate was confusing and 

contested because the formula contained in the statute that calculated the amount based 
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on historical usage was not commensurate with the cap. Specifically, once the individual 

permits were determined, they exceeded the cap, leaving the EAA with a problem of how 

to ratchet down the total.  

On the one hand, there was a statutorily guaranteed minimum allotment of 2 AF 

per acre for irrigators who could demonstrate historical usage. As one interviewee 

explained, this provision came out of fraught negotiations over the content of the EAA 

Act: 

The agricultural interests all through the ’93 legislative session in the 
spring held out against any kind of cap and they came up with…started 
using what they called the A word, something they would never agree to, 
the ‘A word’ which was allocation. Allocation was equivalent to a permit 
cap and that was like the F word to anyone else, the A word was like that 
to them. When San Antonio in those closed door meetings at the 
legislature, when they agreed to the cap, Senator Armbrister was kind of 
the lead in those meetings. It was his bill, SB41077 that eventually got 
passed. The farmers walked out of the meeting. San Antonio said, 
‘We’re okay with the cap,’ and the farmers walked out and Senator 
Armbrister had some choice words for them as they were walking out. 
Their lobbyist remained in the room but the farmers themselves walked 
out. (…) The ags walked out but they in effect stayed in the room 
because their lobbyist was there and he continued to communicate 
with the farmers and they made sure that their interests were 
protected in the legislation, a two acre-foot per acre minimum for 
any irrigated acreage. If you irrigated it once with one drop during 
the historic use period, you got two acre feet for that acre.  

And then the tie of one of those two acre feet was non-transferrable. It 
basically ran with the title to the land….Those protections were inserted 
at the insistence of the agricultural folks (Interviewee 12, personal 
communication, 2014).  

 

But when the individual minimum amounts were taken into account, plus those who 

could prove more, the total exceeded the statutory cap. EAA proposed to resolve the issue 
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with a proportional adjustment. An informant closely involved in the EAA’s effort to 

assign permits explained it this way: 

Interviewee 15: Now, your question about where the 572,000 [acre-foot 
determination of total groundwater permits] came from. It’s what I was 
talking about earlier was that the legislation had minimum permit 
amounts based on historic use and so when you went through the whole 
permitting amount you had I think it was 670,000, somewhere in the 
neighborhood of 670,000. If you fully issued the permits based on the 
legislation in there, there would have been 670,000… 

ZS: Based just on the minimum requirement. 

Interviewee 15: Minimum and the ag… 

ZS: That’s all the farmers getting two acre feet and then… 

Interviewee 15: There were several… You look at the law, it was very 
prescriptive on how to issue the permits and if you followed that part of 
the law, you would have ended up with 672,000 [acre-feet]. There were 
minimum amounts, there were amounts based on historic use. Some of it 
was written as they get…their average amount that they use but not less 
than two acre feet or this or that. It was very prescriptive so if you 
followed the law exactly, it came out…and I don’t remember the exact 
number but well into the 600,000 acre-feet idea. And so what the 
Edwards Aquifer Authority did and this was before ... they came up with 
what they called a proportional adjustment. They had some basis in the 
law for doing this although clearly it was different. And so they said, 
‘Okay, we’ve got 670,000 acre feet and we can only issue 450,000 so 
what we’re going to do is we’ll proportionally reduce everybody’s 
permit so that the total is 450,000 acre-feet.’ So I don’t know what that 
number was, 25 percent say. ‘Everybody’s permit takes a 25 percent ... 
cut so that the total adds to 450,000 acre feet.’ So okay, so here we go. 
‘We’ve followed the law. We’ve issued the permits. They’re 670,000. 
Oops, the law says 450,000 so we’re going to proportionally reduce 
everybody down to 450,000. Oops, the law says you’ve got to have a 
minimum of at least two-acre feet ....’ So they stepped people back up to 
their statutory minimum. And so you have the 572,000. 

ZS: So you had certain people who were reduced to less than two acre 
feet. 

Interviewee 15: Everybody got at least their minimum. 

ZS: Before you added it back up again to the 572,000. 

Interviewee 15: Well, the two acre feet of course was just the 
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agriculture. But some agricultural…some of the ag could prove up 
eight acre feet that they had used for irrigating based on electricity 
records, the pipes and everything and they were able to produce as 
much as eight acre feet or five acre feet per acre. That’s a lot of water. 
They reduced based on historic use not on efficient use and so…and 
then there were cities that were able to prove up more than what the 
statutory minimum was for the cities. So everybody got what they 
could prove up according to the law and then everybody was 
proportionally reduced down say that 25 percent to get to 450,000 but 
nobody was…but if that proportional reduction moved you below your 
minimum, you got stepped up to your minimum. So it was a way of 
saying, ‘Okay, the law says this. Okay, it says this. Then it says this.’ 
So that was the way they did it. And given what the authority had to 
work with, I think it was a fairly ingenious solution. Nobody 
understood it and so that was the problem (Interviewee 15, personal 
communication, 2014). 

 

Unsurprisingly, non-agricultural users also tried to apply for the maximum possible 

amount. San Antonio, for example, reported an annual water use of 178,000 AF in their 

1998 water plan, but their permit application to EAA was based on their highest single 

year historical use, which was 193,944 AF in 1984 (SAWS, 1998). As will be shown, 

SAWS continually acquired additional rights in the Edwards on the market from other 

users over time; SAWS currently has access to approximately 52% of the permitted 

volume of the Edwards Aquifer, about 295,000 AF SAWS, 2013).  

It is important to note that the permit allocation rules resulted in agricultural users 

receiving 2 AF even though many had historically used less than that per acre of irrigated 

land (Western Governors Association, 2012). Interviews for this study revealed that some 

still consider the 2 AF minimum provision overly generous to the point of being 

inequitable, though all concede that it was the product of political compromise.  

One interviewee explained added this: 
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Interviewee 13: The other odd thing that happened was that, again this 
is just on the margins, but farmers were guaranteed a minimum of two 
acre feet. All they had to prove was that their acreage was irrigated… 

ZS: At some point …in that period? 

Interviewee 13: Yeah, in that 20-year period just once. And that’s the 
other weird thing. You had farmers that would farm one section one 
year, the next year they’d farm the alternative section. Well, they could 
claim that section in 1978 and this section in 1979 and get double the 
production even though in any one year they never produced that 
amount of water. (…) They could show that they irrigated this acreage 
in one year, this acreage in another year, this acreage in another and 
they got two acre feet for each of those (Interviewee 13, personal 
communication, 2014).  

 

One agricultural permit holder I interviewed pushed back against the sentiment 

that the agricultural allocations were unfairly generous: 

ZS: One thing I’ve heard is that most…a lot of the farmers and maybe 
most in terms of the permits they were granted were actually pretty 
generous and they don’t use the full allotment of permitted water. 

 

Interviewee 6: I think we don’t. I don’t think that that necessarily 
means that… I guess I’m a little defensive about that sort of talk 
because I think people look at what I water with and say, ‘Well, that’s 
what you need.’ We’re like, ‘No. The reason I’m only farming with this 
amount is because I’m making money off the other part. If I wasn’t 
making money off that other part, I’d be watering with it. Somebody’s 
paying me not to water with that. It’s not just because I don’t need it 
(Interviewee 6, farmer, personal communication, 2014). 

  
Other inequities built into the initial allocation, as a result of having two different bases 
for determining groundwater duties depending on whether the use was for irrigation or 
for M&I purposes: 
 

Interviewee 13: The other problem was that municipal and industrial 
users got their average historic use over that 20-year period which had 
two major inequities. Number one, it didn’t recognize current demand 
because obviously San Antonio’s demand had grown over that 20-year 
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period. So we were average in years when we had 20 percent fewer 
people. But even worse, San Antonio had been really aggressive about 
reducing per capita consumption and so that worked to our disadvantage 
in calculating our minimums. (…)  I can say with some confidence that 
the idea of establishing a cap and allocating it to existing users won’t 
work in the rest of the state because you’ve got huge inequities built 
into that kind of program. That’s like saying, ‘Okay, only the people 
that have been using more than their share are going to be entitled to 
continue to use more than their share for the rest of eternity and all you 
people that conserve your resource, your reward for conserving it is you 
can’t ever use it.’ Not a very fair policy approach to management 
(Interviewee 13, personal communication, 2014).  

 

At any rate, the practical significance of this way of doing the initial allocation of 

permits is that many irrigators were able to sell or lease the unused portions of their 

unrestricted rights, thus helping jump-start the groundwater market. This also meant that 

over time, as prices escalated, farmers stood to make healthy profits selling and, to a 

lesser degree, leasing this water without their economic viability being threatened by 

urbanization in the region. 

 

Conditions on groundwater permit transfers 

Section 711.324 of EAA’s master rules contains the rules governing transfers. 

The main points are that ownership of regular permits may be transferred as a sale or 

lease in full or in part, separately from the land to which they are appurtenant, along with 

a change in the point of withdrawal and purpose of use, with the exception of the base 

portions of irrigation permits. Base irrigation rights thus are transferred to non-

agricultural users via changes in land ownership only and not through the water market, 

though they may be leased to another agricultural user for up to 10 years.  The main 

conditions for transfer approval are relatively straightforward but still significant: fees 
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paid; ownership of the permits to be transferred is confirmed; application is determined to 

comply with EAA rules; the two parties are both in compliance with the EAA’s other 

rules; for irrigation rights, a survey is provided showing that the lands to be irrigated are 

not different from those that were the basis of both the transferee and transferor’s initial 

regular permits; that the proposed transfer is for a beneficial use; and the new place of use 

is inside the boundaries of the EAA (EAA, 2015, § 711.328). Those wishing to buy, 

lease, or sell groundwater permits may access a publicly available list of sellers and 

lessors maintained at the Edwards Aquifer Authority website.62  

 

Restrictions on transfers 

Although the Edwards Aquifer is relatively hydrogeologically homogeneous 

compared to other, more fractured and complex aquifers, there are nevertheless some 

geologic features that make transferring groundwater rights from/to certain parts of the 

aquifer problematic; this has resulted in the imposition of some restrictions.  

First, the aquifer was divided into two pools, Uvalde Pool and San Antonio Pool, 

within which transfers can occur. The San Antonio Pool is the larger one, which includes 

all of Bexar and Medina counties and parts of five other counties. The Uvalde Pool is 

limited to Uvalde County only (EAA, n.d.-b). They are hydrologically connected; 46% of 

the total average groundwater recharge of the San Antonio segment of the Edwards can 

be attributed to Uvalde County (Green et al., 2006).  

As shown in Figure 7.2., the two pools are divided by a constraining geological 

feature called the Knippa Gap. This is an area where a ridge called the Uvalde Salient 

                                                
 
62 http://data.edwardsaquifer.org/sellerslessors  
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reduces the saturated thickness of the aquifer by approximately 200 ft compared to on 

either side of the Knippa Gap (Green et al., 2006). This ridge, combined with constricting 

faults and also recharge from surface streams, has the overall effect of damming 

groundwater upgradient and to the west of the Knippa Gap (Green et al., 2006). This 

damming effect is manifest in overall higher water elevations, and in the difference in 

magnitude of changes in groundwater elevations to the east and west of the Knippa Gap; 

i.e., water levels only change 10-15 ft on the west side of the Gap but change 65-80 ft on 

the east side at different stages in the Edwards Aquifer (Green et al., 2006). In other 

words, well levels tend to be higher and more stable on the west side of the Knippa Gap. 

This differential impact in groundwater levels caused by the Knippa Gap means that the 

kinds of increases and decreases in pumping associated with groundwater transfers are 

not equivalent in terms of their relative hydrologic effect. Consequently, transfers 

between pools are restricted, with the stated reason that this helps maintain groundwater 

levels during dry periods (EAA, n.d.-b).  
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Figure 7.2. The Knippa Gap separating the Uvalde and San Antonio groundwater pools 
of the Edwards Aquifer. Groundwater transfers between the two pools are restricted. 
Source: adapted from http://www.edwardsaquifer.net/geology.html  
 

 
 

Additionally, there is a prohibition on transfers around a particular stream called 

Cibolo Creek, with some minor exceptions related primarily to whether a transfer was 

applied for before the rule was created. As explained in EAA master rules § 711.328(12) 

and in more detail in § 711.329, “(a) A transfer of a point of withdrawal under a permit 

from west of Cibolo Creek to east of Cibolo Creek is prohibited…” This is due to the 

negative externalities that increased pumping on the east side of the creek may have on 

the base flow and related negative effects on threatened and endangered species that rely 

on a minimum flow in the creek (EAA, n.d.-b). 

 

Critical Period Management  

During dry periods, hydrologic conditions can trigger the activation of four 

different “stages” with associated percentage reductions in withdrawals, as shown in 
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Figure 7.3. and 7.4. These stages are declared and enforced by the EAA. Reductions are 

pool-specific (i.e., the two pools have their own set of triggers and stages) but apply to all 

users who withdraw more than 3 AF, regardless of municipal, industrial, or agricultural.  

The triggers are based on the water level in one of two reliable index wells (depending on 

the pool) and spring flows out of San Marcos and Comal Springs (in cfs).  In the San 

Antonio Pool, only one of the three triggers (index well level, flow at San Marcos, and 

flow at Comal) is necessary to activate a new critical period stage. However, the criteria 

are stricter when downgrading to a lower stage (10-day averages of each of the three 

trigger levels have to be above their activation thresholds) (EAA, n.d.-a).  

 

Figure 7.3. San Antonio Pool Critical Period Stages. Source: Edwards Aquifer Authority. 

 

 

Figure 7.4. Uvalde Pool Critical Period Stages. Source: Edwards Aquifer Authority. 
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7.3. Transfer activity in the Edwards Aquifer 

Frequency and volume of groundwater withdrawal rights transfers  

Records of sales and leases were evaluated in terms of frequency of transfers over 

time; the proportions of sales versus leases; volumes of water transferred; and the 

changes in purpose of use, e.g. from agricultural to industrial. The analysis of transfer 

records was supplemented with a review of agency reports and documents, peer-reviewed 

literature, and information on agency websites to understand the basic institutional 

structure of the trading system and the EAA. 

Analysis of the EAA transfer records showed that leases and not sales accounted 

for the largest number of transactions (76%) during 1998-2012 (Figure 7.5.). As 

previously reported by Colby (2000), transfers were relatively few during the first years 

of the program before permits finally began to be issued in 2005. Transfers then increase 

markedly in 2006 with sustained higher levels (i.e., several hundred per year as shown in 

Figure 7.5.) thereafter, though with interannual variability. The mean number of transfers 

(sales and leases combined) for the period 2006-2012 (445.57) was over three times 

higher than during the prior period 1998-2005.  

Leases also accounted for the largest volume (Figure 7.6) (75.8%) of the total 

amount transferred during the study period. Less than 8% of the permitted pumping 

volume has been sold or leased annually on average over the period 1998-2012, though it 

was as high as 12.5% in 2006.  
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Figure 7.5.  Edwards Aquifer Transfer Frequencies, 1998-2012 
 

 
 

 

 
 
Figure 7.6.  Edwards Aquifer Transfer Volumes (AF), 1998-2012. 

 

 
 

 

 

0 2 13

119 93 80 97 64
134

200 167 192 160
82 83

2
56 71

131

82 96

158

112

371 216 289

344

223
454

204

0

100

200

300

400

500

600

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Number	of	leases

Number	of	sales

0

10000

20000

30000

40000

50000

60000

70000

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Quantity	leased

Quantity	sold



	 287	

Groundwater rights transfer frequencies by type 

Groundwater withdrawal permits are classified by the EAA into three types 

according to the purpose of the water right: irrigation, municipal, and industrial. 

Transfers of water rights from irrigation to M&I accounted for approximately 43% of all 

transfers 1998-2012 (Figure. 7.7). Another 40% were transfers among irrigators. The vast 

majority (83%) of all trades were either within agriculture or from agriculture to M&I. 

Only 2% were transfers to agriculture, and the remainder was comprised of trades within 

and between M&I uses. 

 
 
Figure 7.7.  Transfers by Type of Use 1998-2012 (a) frequency and (b) quantity (AF). 
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 After roughly 10-12 years of trading, municipal has become the biggest type of 

use based on permit type, with irrigation use about half as much, and industrial 

accounting for less than 10% of the total permitted volume in the Edwards Aquifer (Table 

7.1.). At present there are 360,657.687 AF worth of municipal permits spread among 682 

entities (682 if you count the two separate SAWS entries in the records). Nearly all 

municipal use permits are in the San Antonio Pool; only 42 permits totaling 8,816.388 are 

in Uvalde (2% of all muni permits are in Uvalde Pool, 98% in San Antonio Pool). Uvalde 

Pool remains highly agricultural dominated. Of the 29% allocated to irrigation, 65% is 

base (i.e. restricted from transfer on the market) and 35% (57,930 AF) is unrestricted (can 

be transferred). As shown in Table 7.2, the volume allocated to irrigation permits is 

roughly equal between the two pools63. 

 

Table 7.1. Distribution of Edwards Aquifer groundwater pumping permits by type of 
usage as of January 18, 2016.  

Permit 
Type 

Total Authorized 
Volume Percent of Total 

Irrigation  167,366.23  29% 
Municipal  360,657.69  63% 
Industrial  43,575.59  8% 
Total  571,599.50    

 

 
 
 
 
 
 
 

                                                
 
63 Based on data obtained from 
http://amr.edwardsaquifer.org/pweb/PermitList.aspx?RadGrid1ChangePage=40_50#, accessed 1/18/2016 
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Table 7.2. Number, quantity, and geographic distribution of Edwards Aquifer 
groundwater irrigation permits as of January 18, 2016.  

  
Permits 

Total 
Authorized 

Volume (AF) 
Base (AF) Unrestricted 

(AF) 

Uvalde Pool 304  82,223.75   55,231.71   26,992.04  
San Antonio Pool 626  85,142.48   54,204.52   30,937.96  
Total 930  167,366.23   109,436.23   57,930.00  

 

 

Prices 

In terms of pricing, a 2007 study reported lease prices as low as $80/AF (Boadu et 

al., 2007), while more recent sales have fetched as much as $6,000/AF  (Griffin, 2010). 

Unfortunately, price data were infrequently and unevenly reported in the records 

analyzed by Boadu et al. (2007). However, it is clear that the price of water sales has 

increased substantially over time. According to a 2015 analysis by the Journal of Water  

[p]rices for permanent transfers of Edwards Aquifer pumping permits 
climbed dramatically through 2006, when they reached 
$5,000/AF.  Since then, prices worked their way to about $5,500/AF, 
where they steadily remain. In contrast, prices for leases of permitted 
withdrawals have moved only slightly over time, ranging from 
$100/AF to $140/AF–save for a jump to $218/AF in 2008, which was 
driven by a very high priced lease of industrial water.  Without that 
transfer, the average price that year would have been $134/AF 
(Weismann, 2015).   

 

According to Clements-Wade and Shriver (2007), SAWS had a standing offer to 

lease water for $77/AF from 2003-2007. Both leases and sales are more expensive for 

rights East of Cibolo Creek. Purchase prices for regular groundwater rights are in the 

$5,000-6,000/AF range, but for East of Cibolo are $13,000-16,000/AF (San Antonio 

River Authority, 2014). 
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Interviewee 13 explains why this is: 

Interviewee 13: So I’ve done probably as many transactions as any other 
lawyer has done in the Edwards Region. You asked what factors. What’s 
really peculiar to me about the Edwards market is the… In the real estate 
market there’s kind of a correlation between lease costs and permanent 
acquisition costs so leasing a house versus buying a house, the lease 
costs might be slightly lower but it’s in the same range so if you’re 
looking at a $200,000 house, you could probably lease it for $1,500 a 
month. Your house payment if you bought it would be $2,000 a month. 
So they’re close. In the Edwards market, leases are devalued and 
permanent acquisitions are over valued. What I mean by that is that 
everybody wants to hang onto their rights to obtain the benefit of the 
increase in value and they’re, as a consequence, far more willing to lease 
their rights than they are willing to permanently sell their rights. So 
historically over the last 20 years the lease rates have been very low and 
permanent acquisition costs have risen substantially. So when we first 
started acquiring water rights in the late ‘90s, we were buying them for 
$900 to $1,000 an acre foot on permanent basis. 

ZS: This was leases or sales? 

Interviewee 13: Sales. So permanent right acquisition for…I think we 
bought the first set of catfish farm rights for $900 an acre foot. Current 
price, permanent price, is about between $5,500 and $6,000 an acre foot. 
At that time, we were able to lease groundwater rights on an annual basis 
for somewhere in the neighborhood of $100 to $120 an acre foot.  Now 
lease rates are a little higher but not much, maybe…depending on term 
of lease–and oddly enough, you can get a higher annual return for a 
longer lease–so short term leases are $150, $200 an acre foot. Longer 
term leases maybe $175 to $250 (Interviewee 13, personal 
communication, 2014). 

 

There are also major differences in price depending on what part of the aquifer you are 

in: 

By the way, just as a market aside. There’s a market for water rights in 
Comal and Hays County but there are obviously far fewer rights 
permitted in those two counties than in Bexar and Uvalde and Medina 
County. I’m guessing that close to 90 percent of the permitted rights are 
permitted in those three counties–Bexar, Medina and Uvalde County. So 
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there’s a very small universe of available permits in Comal and Hays 
County. So the average price for water rights…Edwards rights in Bexar 
County is about $5,500 to $6,000. I’m about to do a deal for some buyers 
at I think $5,800 an acre foot. I just did some transactions in Comal 
County where the per acre foot price was $16,000 an acre foot. So same 
water right, different location, different supply and demand equation. 
Tremendous demand, very limited supply in Comal and Hayes County 
so the very same permitted rights for the same quantity of water. On one 
side of the Bexar County line it’s worth $5,500 an acre foot and it’s 
worth three times that just across the county line (Interviewee 13, 
personal communication, 2014). 

  

Present distribution of groundwater rights: who buys groundwater rights in the Edwards 
Aquifer?  

 

There were 113 new leases of groundwater from agriculture to industrial users 

between 1998-2012 totaling 21,930.53 AF.  Although the number of different industrial 

buyers of agricultural groundwater rights was higher at 136, the total groundwater 

quantity sold during the same time period was far lower at 5,941.77 AF.  In both cases 

these amounts are much lower than the 151,369.89 AF leased and 72,774.31 AF sold 

from agriculture to other agricultural users over that time period.  

 Transfers from agriculture to municipal users accounted for a much larger portion 

of the trades during the study period. 154,025.46 AF of groundwater was leased to 70 

different municipal lessees and 45,213.22 AF sold to 155 different buyers during 1998-

2012. However, most of these municipal users account for only tiny fractions of the total 

amount transferred in terms of quantity. As shown in tables 7.3. and 7.4., the market is 

overwhelmingly driven by the City of San Antonio’s water utility, the San Antonio Water 

System (SAWS). SAWS accounted for approximately 75% of all agriculture to municipal 

leases and 80% of the quantity sold between 1998-2012, and was consistently the biggest 

purchaser and lessor of agricultural groundwater in terms of total quantity from year to 
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year.   SAWS has leased over 12 times as much groundwater as the next biggest lessor, 

the San Antonio River Authority (on behalf of the Regional Water Resource 

Development Group) and has purchased 27 times more groundwater than the next biggest 

buyer (the city of Universal City). At present, SAWS holds 28% of the municipal 

permits, but 79% of the permitted municipal volume; SAWS holds 193 municipal use 

permits totaling 286,172.676 AF as of January 18, 2016.  And about 88% of the volume 

of permits held by cities specifically, including the City of San Antonio as a separate 

entity.  SARA itself only holds 1 permit and it is designated as an irrigation use64. 

                                                
 
64 http://amr.edwardsaquifer.org/pweb/PermitList.aspx?RadGrid1ChangePage=40_50 
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Table 7.3. Quantity of groundwater leased per year in acre-feet by the top ten largest lessees based on total quantity leased from 1998-
2012. Percentages indicate proportion leased by individual entities out of the total quantity leased for each year by all parties.  
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Table 7.4. Quantity of groundwater sold per year in acre-feet by the top ten largest buyers based on total quantity bought from 1998-
2012. Percentages indicate proportion sold by individual entities out of the total quantity of sales for each year by all parties.  
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 This is not surprising given that SAWS has grown rapidly and has historically had 

by far the biggest total water provision obligation of all municipalities in the EAA 

jurisdiction. However, it is key to understanding how the market has functioned and 

interviewees shed light on why this is so. An important historical context to the transfer 

data concerns something called the Regional Water Resource Development Group 

(RWRDG). The RWRDG is “a coalition of municipal water users who jointly acquire 

Edwards Aquifer pumping permits” (Water Strategist Oct. 2010, p. 7) that was created by 

SAWS in 1998 out of the recognition that additional groundwater supplies would have to 

be acquired at some cost from other permit holders due to the fast-approaching regulation 

of the aquifer and the lack of any significant alternative water sources in the near term. It 

is administered and managed by the San Antonio River Authority (SARA) per an 

interlocal agreement (Oct. 2010 p. 7), with SAWS (and later SARA after SAWS quit the 

group in late 2005) acting as the “agent,” conducting the actual sales and/or leases on 

behalf of the other RWRDG member cities under pricing constraints set jointly by the 

members via the RWRDG Management Council (Clements-Wade and Shriver, 2007). 

RWRDG is not a right holder itself. Rather, the permits acquired in the market are then 

transferred to member cities on a pro rata (proportional) basis. Per the interlocal 

agreement, the member cities pay for the water with revenue generated from municipal 

water rates plus an additional fee to SARA, which in 2010 was 6.5% (1.5% for 

administrative fees and 5% for the agent’s expenses) (Water Strategist, Oct. 2010, p. 7).  

One of the two main objectives behind this formal banding together (13 cities, 

initially) was to facilitate “the proportional sharing of water pumping from the aquifer” 

(Water Strategist, Oct. 1998, p. 6).  The second objective was to “provide for joint efforts 
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in acquiring water rights – a measure that participants hope will reduce acquisition costs 

and avoid competitive duplication in fighting for the region’s scarce water supplies” 

(Water Strategist, Oct. 1998, p. 6). The intent to reduce costs by reducing competition is 

emphasized by a quote from the former mayor of San Antonio, Howard Peak, who said: 

“This appears to about as close to common sense as anything I can think of. This is a 

region where cities need water, and our goal should be to get more water without creating 

competition among ourselves. I hope there will be lots of agencies coming on board.” 

(Water Strategist, Oct. 1998, p. 6). According to Clements-Wade and Shriver (2007, p. 

13) “Several organizational models to effect the irrigation to municipal water transfers 

were examined and later discarded. Establishing a new state governmental agency was 

expected to be impossible given a legislative session ending in June 1998. There was 

universal concern with allowing a private entity to become the market maker. The most 

expedient means of meeting municipal needs was by using established agencies.” So, by 

banding together and negotiating prices as one party, these municipalities aimed to 

reduce competition (and thus the costs of purchasing groundwater rights, which could be 

expected to rise over time) and keep private parties from driving the market.  

 
 
The influence of SAWS and the RWRDG 

Again, a key part of the story is that the market for agriculture-to-urban transfers 

was driven not by individual cities and towns acting alone, but together as a regional 

group that buys and leases water rights in the EAA. The RWRDG had limited success 

initially at purchasing rights outright, except in cases where landowners were willing to 
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stop production completely and sell their land and attached groundwater rights, as one 

interviewee recalls:  

Interviewee 12: The market isn’t as well developed as it could be [in 
2014]. There’s always been uncertainties and I recall that SAWS made 
an initial push to acquire Edwards permit rights outright. They made a 
big push and they had limited…very limited success. Then they initiated 
attempts at leasing instead of [purchasing]… 

ZS: Is that just because farmers were unwilling to sell? 

Interviewee 12: Right. They…and they actually acquired some Edwards 
rights by buying land and the rights went with it. But they were things 
like the land was owned by mom and pop, mom and pop passed away, 
the kids weren’t interested in…it was exceptions… 

ZS: They had irrigated it at some point in the past. 

Interviewee 12: No one was interested in continuing to farm the old 
place, they were interested in getting money but it was exceptional 
situations and their acquisition costs varied widely from someone that 
was willing to sell five acres or five acre-feet to someone willing to sell a 
couple hundred. But in terms of they had a projected need and they were 
trying to meet it by acquiring Edwards rights, they weren’t making much 
of a dent (Interviewee 12, personal communication, 2014). 

 

The initial lack of success in obtaining rights from farmers through sales prompted a 

change in tactics to pursuing leases instead. Additionally, SAWS’ decision to leave the 

RWRDG in late 2005 had an effect on who farmers choose to lease water rights to. The 

interviewee continued: 

Interviewee 12: When they [SAWS] got into the lease market, they said, 
‘This is how much we’re willing to offer.’ Some farmers came in, most 
did not. [the City of] San Marcos got involved with a group…some of 
the satellite communities around San Antonio that were growing and that 
had needs that weren’t being met by their known Edwards rights, found 
themselves with SAWS going out and kind of getting the market going, 
found themselves sitting on the sidelines and wondering were they just 
going to be at the whim of the bigger, bad gorilla our there establishing 
what the market was and put political pressure on San Antonio that 
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resulted in the formation of the Regional Water Resource Development 
Group, RWRDG. San Marcos joined that. I participated in those 
meetings along with [redacted] who’s still with the city. I helped write 
the rules of procedure for Edwards supply known as the ROPES, rules of 
procedure for Edwards supply. RWRDG, that’s the name they go by, 
RWRDG, morphed into the acronym RWRDG. San Antonio was one 
member. That group decided, and it was only governmental entities 
‘cause they had to be free of anti-trust, federal anti-trust laws, 
cooperating to determine what the market would be for leasing and for 
outright purchases of Edwards rights and they formed about…as I recall 
it was about ’02 or so, ’01-’02. And again, it was political pressure put 
on San Antonio, ‘Hey, don’t be out doing this stuff and leaving us on the 
sidelines.’ Their bylaws and the rules of procedure required San Antonio 
to participate in acquiring leases on the same level playing field as all of 
the other communities that needed additional Edwards rights. 

ZS: What does that mean exactly? What would an on-level playing field 
be? 

Interviewee 12: Well, the RWRDG has a governing body that meets and 
under the ROPES they set a target price each year for 
acquiring…they’ve generally only been leasing the water but the group 
as a whole decides what will be offered and SAWS is a resource or they 
were. The next chapter was when SAWS came in and said, ‘We’re tired 
of doing this with ya’ll,’ and they left the RWRDG group and now 
RWRDG is still there but they kind of compete with SAWS and 
RWRDG is actually more successful in its leasing efforts, meeting its 
goals in terms of needs than SAWS has been. That’s what I’ve heard. 

 

The impact on market behavior resulting from SAWS leaving the RWRDG is 

corroborated and elaborated on by Clements-Wade and Shriver (2007):  

Unfortunately, SAWS’ departure contributed to market fragmentation 
and greater competition, all of which SAWS had hoped to avoid by 
creating a collaborative acquisition model initially. As the RWRDG 
agent, all RWRDG participants were required to direct any potential 
acquisition deal to SAWS. After withdrawing from the RWRDG, SAWS 
now knows less about the public leasing market than it did as the 
RWRDG agent. In addition, RWRDG and SAWS are now in 
competition with one another. Even though RWRDG as a whole has far 
less water needs than SAWS, RWRDG appears to be offering higher 
lease rates, initially $95 per acre-foot and now up to $125 per acre-foot. 
SAWS has restructured its lease program around a higher lease rate as 
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well with lease rates ranging from $100 to $140 per acre-foot, depending 
on the length of the lease. For any lease 6 years or longer, SAWS will 
pay a signing bonus. 

 

But if leaving the RWRDG resulted in SAWS having to pay higher rates for leases and 

decreased its ability to know about the details of other leases because they were limited to 

requesting information from the EAA (Clements-Wade and Shriver, 2007) then why did 

SAWS leave the RWRDG? The question was posed to one expert with direct experience 

of these events who explained it this way: 

Interviewee 12: They claimed that the group was simply not meeting its 
defined needs. The ROPES said each year each community would put in 
an order and that would be the pie, the pie of needs. 

ZS: Like how much water basically each of the members of the group 
wanted to acquire for that year? 

Interviewee 12: Right. What they felt that they needed for that year. The 
leasing agent, which varied over time between SAWS handling that and 
the San Antonio River Authority handling it, would go out to the market 
with their target price and meet with landowners, hold public meetings or 
groups of landowners, ‘This is what our offer is.’ They’d sign people up. 
The need pie would usually be bigger than the supply pie of offered 
leases and everyone would take a haircut relative to what their needs 
were in proportion…same proportion as everyone else in the group. And 
SAWS just…they… And they actually blamed the RWRDG group and 
when the RWRDG group saw the story in the Express News 
where…’This group is hard to work with and they’re…’ They were 
flabbergasted because everyone knew that SAWS just wanted to resume 
its place as the bigger bad gorilla and not have to do anything that 
benefited its small satellite suburb communities.  

ZS: Did it make a difference in terms of the price offered for leases? 
Like could San Antonio offer more money? 

Interviewee 12: Well, they could. Generally, from what I’ve heard…I’m 
not in the loop. I haven’t been in the loop…I left the city in ’07 but what 
I’ve heard from those people is that the lease rate is pretty much the 
same for SAWS and the RWRDG but generally more farmers sign up 
with RWRDG because they feel like they’re treated better. So year after 
year RWRDG ends up meeting more of its needs than SAWS does. And 
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for a lot of the RWRDG communities, they can’t develop a Carrizo 
[aquifer] supply, they can’t apply for a ... permit, they can’t do any of 
those other things that SAWS is big enough to do. Their only hope is to 
acquire more Edwards rights. They’re in a bigger buying ? than SAWS 
is. 

ZS: That’s interesting ‘cause when you think of a market usually you 
think of a bunch of sort of…a totally atomistic situation but I didn’t 
know that about how the municipalities, it sounds like they kind of like 
organized as a kind of collective buyer. 

Interviewee 12: …that’s an essential element of understanding the 
market is that the cities got together (Interviewee 12, personal 
communication, 2014).  

 

This extended quote illustrates the manner and extent to which the urban water users, 

banding together under the auspices of the RWRPG within the EAA jurisdiction drive the 

market for groundwater rights, initially with SAWS and then later with SAWS and the 

RWRPG acting independently. In some cases, in order to obtain additional groundwater 

rights, SAWS acquired irrigated farmland, and as of 2007 had acquired 13 farms in a tri-

county area totaling nearly 6,000 acres (Clements-Wade and Shriver, 2007). These lands 

were acquired in the very early years of the market, before the sale price of water 

escalated drastically. According to one report, SAWS spent just under $40 million on 

farmland and attached groundwater acquisitions between 1998 and 2004; the 

groundwater rights alone would be worth $110 million just a few years later in 2007 

(Clements-Wade and Shriver, 2007).  Referring to these acquisitions in the early years of 

the market, Clements-Wade and Shriver (2007, p. 12) state that “SAWS does not have 

evidence that its leases have displaced any cotton or vegetable acreage. Leased acre-feet 

have seemed to come out of the lower valued crops, corn and sorghum, from previously 

irrigated pastureland, or irrigation water allocated but rarely used.” This is because some 
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irrigators who received the 2 AF minimum allocation did not actually need that much 

water. In fact, “SAWS’ staff estimated that current irrigation practice requires on average 

only 1.25 acre-feet per irrigated acre. Therefore, even active irrigators on average would 

have groundwater rights to lease.” (Clements-Wade and Shriver 2007, p. 12) 

 

What about the future? Will SAWS continue to drive the market? 

Acquisition of additional Edwards groundwater permits was recognized as a key 

water strategy, at least in the short term, by SAWS in its 1998 water plan (SAWS, 1998). 

At the time of the plan’s publication – approximately 7 years before permits were even 

finalized by the EAA – SAWS had already acquired 4,000 AF of Edwards groundwater 

rights. Their strategy for the Edwards in the early years of the market is summarized in 

SAWS’ “Policy for Acquisition of Additional Edwards Aquifer Supply” which was 

adopted in October 1997: 

…no “new” water can be developed within the timeframe expected for 
the issuance of permits by the EAA” [SAWS states that they expected 
that to take 2-5 years].  Therefore, it is necessary for SAWS to acquire 
limited volumes of additional Edwards supply to meet expected short 
term deficit between system requirements and permitted withdrawals. 

 

SAWS did not specify what amount of water it considered “limited” at that time because 

they did not know yet what amount they would be permitted by the EAA. But the transfer 

data discussed above show that SAWS purchased 29,911.26 AF and leased 78,471.08 AF 

of groundwater permits since (and including) 2005 (a total of 108,382 AF); perhaps 

neither “limited volume” or “short-term.” These data indicate that the Edwards 

groundwater market has proved to be a more important source of new supplies to 
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accommodate urban growth in the San Antonio metro region than SAWS may have 

originally envisioned back in 1997-1998. That said, it is unclear whether it will continue 

to function in that way to the same extent that it has since permits were finalized. In fact, 

there is some indication that sales will play a diminishing role over time for the City of 

San Antonio.  

A main reason is that SAWS has sought since the late 1990s to diversify its 

portfolio of water supplies in an effort to reduce its historically high reliance on the 

Edwards Aquifer (though even today it still provides approximately 90% of San 

Antonio’s drinking water (SAWS, 2016). Comparing SAWS’ stated goals for the 

Edwards market in 2005 to today is instructive on this point.   

In its 2005 Water Resource Plan Update, SAWS’ stated goal was to obtain up to 

35,000 AF of new Edwards groundwater rights (SAWS, 2005). Now, in 2016, SAWS’ 

stated goal is to “continue to maintain its current inventory of Edwards Aquifer leases 

(approximately 44,975 acre-feet at the time of issuance) by renewing existing leases as 

they expire or by purchasing water rights. SAWS also has pending plans to acquire an 

additional 10,900 acre-feet of Edwards Aquifer water rights in the years to come” 

(SAWS 2016c). In other words, the stated strategy is simply to maintain the quantity of 

rights that have already been acquired through leases and sales (which comprises over 

half of all the rights in the Edwards Aquifer in terms of volume), plus an additional 

amount of 10,900 AF – a modest target compared to its 2005 goal of 35,000 AF – to be 

obtained by no particular date.  

A SAWS employee interviewed for the study clarified SAWS’ strategy vis-a-vis 

the Edwards market: 
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ZS: …it seems like the SAWS activity in terms of buying and leasing 
water rights in the Edwards seems to have kind of (…) plateaued. Is that 
your…like it no longer seems to be kind of a major future source of 
water. 

Interviewee 7: That’s right. Essentially the Edwards market is getting 
pretty close to being tapped out and by market I mean the number 
of transferrable permitted water rights that are available for 
purchase or lease…  

…and the irrigators got essentially two acre feet of permitted water for 
every acre they could show they had historically irrigated with Edwards 
water and with modest conservation efforts generally speaking they can 
do the same ag production with one acre-foot that they historically did 
with two. So that’s created…and the goal of the legislature was to ensure 
that the ag economy wasn’t destroyed in the west by moving all this 
water to San Antonio. So basically one acre foot of ag permitted water 
has to stay with the land, one can be transferred–bought and sold or 
leased. So that market kind of took a while to get cranked up but 
basically right now the going rate is probably between $5,000 and 
$6,000 per acre foot to buy one acre foot which is in perpetuity–that 
use. (…) So…buying that permit is a great opportunity. And you’ve had 
many farmers who weren’t interested in selling it. They prefer to hang 
onto it and see what’s going to happen in the future so in that case 
sometimes they’ll lease the water. The leasing rate right now is about 
$125 per year per acre foot. So if you don’t have the capital, that’s a 
good opportunity for someone that needs the water, allows the farmers to 
kind of keep it and still maximize some revenue from it so that’s a good 
system. But basically we’ve been pretty aggressive in buying those 
rights. We’re getting close to the point where the water that’s 
available for sale has been sold. So I guess the big picture is SAWS 
now is…not now–has for the last 20 years begun an aggressive 
search for other water supplies…other non-Edwards water supplies. 
We’re national leaders in conservation. We’re very proud of that but the 
growth in Texas and San Antonio is such that it’s unlikely we can 
conserve enough water to meet all that population need so basically 
it’s…  So we’ve got to find new sources. (…) Your question–yes. 
We’re moving off the Edwards now. We’re still engaged in the 
market, we’re still…we’re buying some as we speak, we’re always 
trying to lease. 

(…) I think you’ve just kind of got a mature market. A lot of folks have 
made a great deal of money from the sale of rights over the last 10 years. 
Salisbury Pearson transferred millions of dollars to farmers in the 
western counties (Interviewee 7, personal communication, 2014).  
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Another informant familiar with SAWS’ activity in the Edwards groundwater market also 

spoke to the issue of the “maturing” of the market: 

ZS: My understanding so far is that San Antonio initially had purchased 
a lot of water rights in the Edwards but that it’s kind of like…they’ve 
kind of hit a peak. Is that your understanding? 

Interviewee 13: Yes. 

ZS: That it’s kind of no longer like a major source of new water for San 
Antonio. 

Interviewee 13: Yes, that is entirely accurate and I would say this, 
initially San Antonio, to make up the difference in its permit and its 
demand, primarily leased groundwater rights. The initial board, the 
founding board of the San Antonio Water System had basically told the 
irrigation community that San Antonio was not going to solve its water 
problem by buying up all the agricultural rights and so we did buy the 
catfish farmer’s rights which really weren’t agricultural and we bought a 
few farms but really the big acquisitions didn’t occur until about 10 years 
ago. The city decided to do a reverse auction, and I don’t have the dates 
nailed down but until that time they’d been buying rights for somewhere 
in the $1,500 to $2,000 an acre foot range and they put out an RFP and 
said basically, ‘We want to buy water rights, give us an offer.’ And so 
they got dozens of offers. The staff made a recommendation to accept all 
those offers that were at a price I think under $3,500 an acre foot and to 
buy them all up. And the board balked, didn’t buy any water rights, then 
decided, ‘Well, maybe we need to buy some of those water rights.’ Did 
buy some of those water rights individually. Did the same thing again 
like a year later. Said, ‘Okay, we want to buy water rights again.’ Got a 
whole bunch of offers. Once again said, ‘Okay, we’re going to buy 
everything under $5,000.’ Each time they did that they just ratcheted up 
the price substantially ‘cause they set a new floor for sales price. So 
really the…once the price got up to about $5,500 or $6,000 an acre 
foot, the city began to think, ‘Gee, we might do better investing in 
water rights that are not so interruptible.’ The big problem with the 
Edwards is that no matter how many acre feet of water rights you 
have they’re somewhat interruptible depending on what’s 
happening at the springs (Interviewee 13, personal communication, 
2014).  
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 There likely at least three main reasons why SAWS sees the Edwards 

groundwater market as a less important source of new supply or as a viable long-term 

water development strategy. The first is that they are pursuing new sources of water in an 

attempt to diversify their water portfolio and decrease reliance on Edwards rights, 

specifically through desalination of brackish groundwater in the amount of 33,600 AF/yr 

by 2026 (SAWS, 2016b) and two groundwater pipeline importation projects from non-

Edwards aquifers in the region, one from the Carrizo aquifer in Gonzalez County that 

will add up to 11,688 AF/yr  (SAWS 2016d) and another, bigger project that would 

transport 50,000 AF/yr from other rural areas via 142-mile pipeline (SAWS 2016e). 

Compared to this 97,688 AF/yr of combined new water supplies, new Edwards rights 

acquired through market transactions will comprise a relatively small piece of the future 

pie (SAWS 2016a). Further, SAWS admits that “even developing our full slate of 

planned projects, it's possible that there could be up to 101,000 acre-feet of permitted 

supply gap (when estimated demand exceeds the estimated supply) in the worst year of a 

future drought of record event that would need to be addressed” (SAWS 2016a). Based 

on SAWS’ literature, this gap would presumably be made up through some combination 

of long-term conceptual projects such as ocean desalination, increases in brackish 

groundwater desalination and aquifer storage and recovery capacity, new “conservation 

paradigms” and new regional water projects, (SAWS 2016a) but not through obtaining 

more and more Edwards groundwater sales and leases. 

Second, sale prices for Edwards groundwater rights have become costly at 

$5,000-$6,000/AF.  To acquire the proposed 10,900 AF of new groundwater rights by 

sales at a price of $5,500/AF would cost $60 million without including the possible 
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additional costs of purchasing the farmland as well. Leases would be significantly 

cheaper at current price range of $100-$140/AF (at $120/AF the cost of 10,900 AF would 

be $1,308,000) but are less desirable because they would not necessarily provide an 

indefinite secure supply, being contingent on renewal.   

A possible third reason is related to the second, at least pertaining to sales. 

Clements-Wade and Shriver (2007), citing Hiller (2006) speculated that SAWS would 

not likely be able to continue acquiring farmland as a water development strategy as they 

did in the late 1990s and early 2000s due to the rising prices of irrigated farmland as a 

result of the increasing value of transferable groundwater rights and other factors such as 

“baby boomers’ desire for retirement land, development of “ranchettes,” and the 

popularity of hunting…” (Clements-Wade and Shriver, 2007, p. 18).  

Taken together, these factors suggest that SAWS’ activity in the Edwards Aquifer 

groundwater market is likely to taper off as new supplies such as desalinated brackish 

groundwater and non-Edwards groundwater importation come online. The extent to 

which other municipalities (e.g., members of the RWRDG) experiencing major growth 

will continue seeking supplies from irrigators is not as clear, though they can be 

reasonably expected to also experience the regional effect of rising land values. Whether 

and to what extent the price of groundwater will rise in the future is unclear. Some cities 

and counties may pursue groundwater importation projects as SAWS has done. Even 

given the cost of such projects – which in Texas includes not only the infrastructure 

needed to transport the water but also the cost of acquiring water rights from existing 

owners – cities and counties may find them preferable as a long-term water development 

strategy to continued reliance on acquiring Edwards rights from farmers. Hays County, 
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for example, lies within the EAA jurisdiction and is pursuing a highly contentious non-

Edwards groundwater importation project from adjacent rural counties (Satija, 2015) 

rather than relying on the acquisition of additional Edwards rights. 

 

7.5. Summary 

The Edwards groundwater market was primarily the brainchild of SAWS. The 

major concern was not to achieve an “efficient” allocation of groundwater rights but 

rather to provide a way to limit withdrawals from the aquifer without denying many 

landowners a way to obtain water permits in the future. The development and 

implementation of the permitting scheme that determined the initial allocation was 

fraught with difficulty, but overall it favored historical users.  

My quantitative analysis of transfers demonstrates that the Edwards market has 

been quite active since permits were adjudicated in 2005. Market activity has been driven 

largely by ag-to-urban and ag-to-ag transfers. Interestingly, SAWS and other regional 

communities banded together to edge out private participation in the market in order to 

reduce competition. Lease prices have stayed relatively low, while sales prices have 

soared upwards of $5,000/AF in recent years as demand has increased.  

Although the market has been active for about 10 years and is in that sense a 

success. However, there is strong reason to expect that market activity has begun to taper 

off as the main driver of market activity, SAWS,  has increasingly sought access to other 

water supplies. As one informant said, the market may have become “mature”. I suggest 

that it is unlikely that cities see the lease or purchase of Edwards groundwater rights as a 

long term water augmentation strategy.  
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Last, informants emphasized the importance of the unique hydrologic 

characteristics of the aquifer as central to the effective functioning of the Edwards 

market. It may be the most ideal aquifer for a groundwater market because of the 

relatively homogeneous distribution of pumping impacts. However, even in this system, 

the EAA has developed rules to prohibit certain types of transfers in order to minimize or 

avoid negative pumping externalities. This serves to indicate the kind of rulemaking 

requirements that are likely to be associated with the implementation of groundwater 

markets in other settings.  
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Chapter 8: Comparison of Two Styles of Groundwater Management and 

Governance: Phoenix, Arizona and San Antonio, Texas  

8.1. Introduction 

So far in this dissertation I have explored the historical development of 

groundwater institutions affecting the two major urban metropolitan areas of Phoenix, 

Arizona and San Antonio, Texas; the attempts by two states and regions to address the 

multi-scalar challenges associated with governing groundwater aquifers; and the 

particular ways market-based allocation institutions have functioned in the two cases.  I 

now return to the original research questions in order to elaborate what is instructive from 

comparing these two cases.  I first discuss issue of multi-scalar externalities using the 

analytical lens of polycentricity and several of Elinor Ostrom’s institutional design 

principles (Ostrom, 1990).  Second, I offer a comparative analysis of several dimensions 

of market-based groundwater institutions and their respective roles in the two cases from 

an institutionalist perspective. Last, I offer some concluding thoughts to tie the two 

sections together. 

 

8.2. Addressing the problem of multi-scalar groundwater externalities 

Review of the general problem 

The basic conceptual problem I posed at the beginning of this dissertation is that 

when groundwater aquifers are geographically expansive and support multiple different 

types of uses, they can be prone to challenges of coordination to address problems at each 

of the relevant scales. For example, the pumping of one individual landowner may draw 

down the water table below the wells of neighboring landowners. This would be a small-
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scale problem that is relatively easily solved by paying for the deepening of the affected 

neighbors’ wells. The collective pumping of an entire town or city, or by an irrigation 

community, on the other hand, may generate regional cones of depression or deplete base 

flow from surface streams, springs, or seeps.  If regional-scale groundwater mining goes 

unchecked, drastic problems such as subsidence and earth fissures may develop.  

 I considered the limitations of two generalized governance approaches for 

addressing these multi-scalar problems in relation to groundwater: the central state 

agency and decentralized local-scale decision-making. Phoenix, Arizona and San 

Antonio, Texas exist within governance systems that reflect elements of these two 

approaches, respectively. I argued in chapter 1 that these two cases are suitable for 

comparing because they share certain variables but differ in a key way: the degree of 

decentralization. Decentralization may be an emerging trend, perhaps even a paradigm 

for groundwater governance in the Western U.S., but more needs to be understood about 

what kinds of experiments exist and how exactly they can effective (able to meet goals 

that it is intended for) and durable over time.  

 

Research question 

I aim to add to understanding of institutions that are critical for developing 

governance systems capable of addressing the multi-scalar problems that can result from 

groundwater abstraction. I asked: What factors limit the capacity to address multi-scalar 

groundwater externalities in the Phoenix, Arizona and San Antonio, Texas metro 

regions? I explored this question in depth for each case individually in chapters 4 and 5. 

Here I comparatively analyze the evidence from those chapters using Ostrom’s design 
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principles. I cannot consider all eight principles so I focus on three that are salient and 

which my case study evidence speaks to. I take a polycentric analytical approach which 

“…compares the characteristics of a given governance system…with that of either fully 

centralized or decentralized systems or other existing systems in practice” Andersson and 

Ostrom (2008, p. 79). 

 

Review of specific groundwater problems in the cases 

 The Phoenix AMA contains a number of acute groundwater problems that exist in 

different parts of the AMA and at different scales. These include of cones of depression, 

long term water table declines, and subsidence. Drawdown on aquifer “fringes” in both 

the East and West Salt River Valley sub-basins was a concern for several informants. I 

also showed that the existence of critical area problems is well-recognized but largely 

unresolved.  

As discussed in chapters 2 and 3, major problems already existed in Arizona when 

the GMA was passed in 1980. In the two Texas GCDs studied there are no acute physical 

problems such as subsidence and earth fissures like Arizona has. However, the region 

was designated a Priority Groundwater Management Area more than 15 years ago 

because of the high degree of sensitivity of the aquifers in the region to long-term 

increases in usage. It is questionable whether the GCDs will together be able to meet the 

DFC of allowing 30 ft of average drawdown for the Trinity Aquifer through 2060 (setting 

aside the issues related to the goal itself).  
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Comparative point #1: polycentricity and nested governance enterprises 

The design principle of nestedness refers to the organization of appropriation, 

provision, monitoring, enforcement, conflict resolution, and governance activities in 

multiple layers (Ostrom, 1990, p. 90). Nestedness is a fundamental attribute of 

polycentric governance, especially in the case of CPRs like groundwater aquifers that are 

part of larger systems. Here I compare the ways groundwater institutions are nested in the 

two cases. Is one more or less polycentric than the other? If so, in what ways? 

It is important to recognize that empirically, virtually all governance regimes are 

polycentric to some extent (Andersson and Ostrom, 2008). Some regimes may be more or 

less centralized or decentralized, but this is not a reason to assume one is more or less 

productive or functional than another. That said, the Phoenix AMA is the more formally 

centralized system of the two. The basic arrangement of groundwater organizations 

consists of ADWR as regulator at the “top”; some state-created entities with specific 

purposes such as the Arizona Water Banking Authority and the Central Arizona Water 

Conservation District somewhat parallel to or under ADWR; and “below” that are 

numerous individual water providers (municipal and private) and also irrigation districts, 

many of which pre-dated the AGMA. The core decision-making responsibilities for 

groundwater permitting, regulation, rulemaking, etc. are concentrated in one central 

agency, the ADWR.  

As I explained in chapter 3, according to accounts of those directly involved, this 

was largely a product of the inability of the major political interests to come to an 

agreement about a non-centralized governance system during the negotiation of the 

AGMA framework. As a result, Arizona started from the top-down, rather than from the 
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bottom up. Has the system become more polycentric over time? I suggest that it has, but 

only slightly. WESTCAPS and the East Valley Water Forum are the most notable 

evidence of this. These organizations were created voluntarily by water providers in order 

to resolve regional-scale coordination issues related to water augmentation (in the case of 

WESTCAPS) and broader groundwater management and planning (in the case of 

EVWF). These groups are independent spheres at a level higher than individual water 

providers but politically below ADWR. They form networks with larger scale 

organizations such as the U.S. Bureau of Reclamation and ADWR. They perform specific 

tasks that supplement but do not replicate existing ones, and in this sense they add some 

modicum of polycentricity to the overall governance regime in the Phoenix AMA.  

However, these ad hoc organizations are different from the more systematically 

and formally nested system that Texas developed during the late 1990s and early 2000s. 

The basic building block entities are the GCDs which have locally-elected governing 

boards. These are nested within both GMAs and RWPAs, which are themselves situated 

under the Texas Water Development Board (TWDB) in the context of state water 

planning. This is because they provide input to the TWDB for each State Water Plan, 

which the TWDB is responsible for compiling. TWDB also vets and approves 

applications for financing for water projects (TWDB, n.d.). The entire system is premised 

on a nested, multilevel model.  

It is also a fairly complicated system in terms of flows of information, 

responsibilities, and representation (see Figure 5.5.). The regional groundwater planning 

component alone is less than straightforward. However, one of the key insights from 

studies of polycentric governance, including groundwater (Blomquist, 1992) is that 
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complexity itself is not an indicator of a poorly designed or badly functioning governance 

regime. I argue that the system – at least as it operates in this particular area – appears 

formally workable due to the more systematically nested institutions. Despite its 

complexity, for this reason I seems to have potential for developing into a robust, 

durable, effective system. However, this potential has not yet been realized for GMA 9 

and the two GCDs I analyzed for several reasons discussed in chapter 5.   

These cases also suggest that decentralization advocates should not discount the 

importance of central agencies. ADWR and TWDB are different in many respects, most 

significantly in that ADWR is a regulatory agency but TWDB is not. But they both play 

vital roles. Even though regulatory authority is largely vested with local districts, TWDB 

develops hydrological knowledge and data, oversees the development of the state water 

plan every five years, and provides important modeling and other technical advice to 

other administrative bodies such as GCDs. Its responsibility for determining the MAG 

volumes makes it a critical component of the regional planning process that the GCDs 

individually lack the capacity and expertise to do themselves.  

ADWR is also responsible for developing hydrologic data and knowledge, in 

addition to an array of other tasks which, besides, administration of programs, permits, 

data, etc., includes the development of the management plans.  Since being decimated by 

budget cuts during the 3rd management period, however, the importance of the agency 

has become all too apparent in the protracted delay of the 4th management plan. I point 

this out to simply suggest that a well-functioning large-scale support organization is very 

important regardless of whether a governance regime is more centralized or 
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decentralized, or more or less polycentric, and should not be ignored or discounted in the 

development of new forms of non-centralized groundwater governance.  

Comparative point #2: congruence between appropriation and provision rules and local 

conditions 

Another design principle I use to evaluate the cases is the degree of congruence 

between local knowledge and conditions and appropriation and provision rules (Ostrom, 

1990, p. 92). Evidence has shown that effective, long-lasting CPRs possess appropriation 

and provision rules that are tailored to local conditions. For example, irrigation 

communities within the same region may find it necessary to develop different sets of 

rules (Ostrom, 1990). A successful polycentric governance system should be 

characterized by this principle to at least some degree.  

My analysis suggests that the local management entities (GCDs) make the Texas 

case better equipped than the Phoenix AMA for this, at least formally. The GCDs are 

able to adopt well spacing regulations that are relevant to the kind of user base in a given 

district, e.g., primarily rural (ranching and/or farming) versus urban, or a mixture of both. 

This is illustrated by the differences in rules between the CCGCD and TGRGCD. GCDs 

can utilize the MAG volume to make permitting decisions that reflect knowledge about 

the hydrologic conditions within their boundaries. However, whether the rules that 

actually exist are adequate for achieving the DFC remains to be seen. Additionally, there 

is some evidence that capacity is limited by highly uneven regulatory authority between 

districts (especially those adjacent and overlying the same aquifer), as shown by the case 

of the TGRGCD. 
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In the Phoenix AMA there is a wide range of aquifer conditions among the 

various sub-basins. Local conditions are arguably taken into account by municipal water 

providers and by ADWR via the AWS rules, which contain criteria that must be met in 

order for approval of a new urban use. These criteria include the expected long-term 

impact of the new demand on the local water table. However, the AWS criteria apply 

uniformly across the entire Phoenix AMA. One the one hand, this uniformity of rules 

provides clarity for individual water providers; on the other, it means a potential lack of 

rules that are tailored to specific local conditions. While decisions about provisioning and 

management are made atomistically by individual water providers and managers, 

oversight, monitoring, and regulation are largely the domain of ADWR rather than local-

level entities like the Texas GCDs. This is a key distinction. The Texas approach better 

reflects a more theoretically ideal model of a self-governing, polycentric governance 

regime.  

 

Comparative point #3: conflict and conflict resolution 

A third design principle holds that successful CPRs have access to effective and 

low-cost conflict resolution mechanisms. Although this principle is based on community-

based CPR governance systems, the issue of conflict and conflict resolution is worth 

considering in relation to the case studies. Here I compare groundwater-specific conflict 

and conflict resolution in the two cases.  

Ostrom states that “[r]ules have to be understood to be effective.” Importantly, by 

converting groundwater to a state-administered permit system, the AGMA finally 

resolved the decades-long debate in the courts about the precise nature of rights in 
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groundwater. Several Arizona informants spoke to the clarity of rules that this facilitated 

as a key strength of the AGMA in largely minimizing certain kinds of formal conflicts 

related to groundwater. The minimum of subsequent formal groundwater-specific conflict 

found in this study and the minor nature of most administrative disputes indicates that the 

rules governing groundwater usage are not a significant point of conflict. Formal 

conflicts and disputes that have arisen since the passage of the AGMA appear to be 

reasonably effectively resolved in different arenas. Most issues were resolved through 

administrative channels and only a few had to be resolved in non-administrative courts.  

In the Texas case, the CCGCD and TGRGCD have not faced any significant formal 

conflicts to date, though it is worth reminding that they are both less than 15 years old as 

of this writing (2016). There have been three formal challenges to DFCs in GMA 9.  In 

these cases, TWDB conducted detailed technical evaluations of the arguments of the 

challengers and the disputes were effectively resolved. DFC disputes are now resolved 

through administrative hearings and a district court, if necessary, rather than at the 

TWDB. It remains to be seen whether challenges to DFCs will increase in the future or 

not since there has only been one complete round of planning to date. Here I point out the 

existence of available conflict resolution mechanisms.   

At a broader level, a looming source of concern is the possibility of a lawsuit against 

GCDs over the issue of regulatory takings of groundwater following EAA v. Day and 

McDaniel (2012) and EAA v. Bragg (2013). These decisions were and are highly 

controversial and they certainly have their supporters. I argue these two decisions are 

problematic not based on legal reasoning (though I am admittedly sympathetic to some of 

the critiques of the decision), but rather based on the evidence of their effects.    
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First, although neither CCGCD nor TGRGCD have been taken to court over 

permitting decisions, managers from both districts expressed concern over the potential 

consequences of these two cases. One informant offered an example of a GCD that 

disbanded entirely over the EAA v. Day decision, and an attorney for numerous GCDs 

was emphatic that the negative implications for permitting were widespread among them.  

The larger issue from a governance perspective is the lack of clarity. As one 

interviewee stated, in the Day decision the Texas Supreme Court provided no clarity 

about what an appropriate level of pumping limitation without constituting a regulatory 

taking. This is in part due to the fact that takings law is inherently context-specific and 

lacking real bright lines. Consequently, even though the issue is “settled” in the sense that 

the Texas Supreme Court affirmed a private right of groundwater ownership in place, it 

does not create more certainty from a regulatory perspective. How a given judge may rule 

is unpredictable due to the fact-specific and ad hoc nature of regulatory takings law. It 

will likely take years for a rule of thumb to develop which GCD managers and boards can 

rely on. Future analysis will be needed to determine how exactly the issue plays out in the 

courts and with what effect on GCDs and their ability to achieve management goals. The 

point I wish to emphasize here is that unlike Arizona, where groundwater rights are 

understood and conflicts are generally few, the lack of clarity about the rules concerning 

pumping limits and property rights has a potentially deleterious effect on governance.   

 

Factors limiting multi-scalar groundwater governance capacity 

Based on the experience with both in different settings, academic discourse on 

governance has moved beyond the centralized/decentralized binary towards a more 
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complex debate about “multi-level” systems. To inform that debate I synthesize and 

compare the limitations elicited from the preceding case study analysis. By considering 

the cases analyzed by this dissertation, I argue we can learn what factors limit and 

facilitate groundwater governance that has greater capacity to address the multi-scalar 

problems generated by groundwater abstraction. 

Comparing these two cases reveals the different ways that a polycentric system can 

be limited when it is not fully developed or implemented. Almost all governance regimes 

are technically polycentric (i.e., neither 100% centralized nor decentralized), but not all 

are able to resolve problems at every level at which they occur. The theory of polycentric 

governance rests in part on the idea that “[e]stablishing rules at one level, without rules at 

other levels, will produce an incomplete system that may not endure over the long run” 

(Ostrom, 1990, p. 102).  

I suggest that the case study of the Phoenix AMA shows the limitations associated 

with a groundwater governance regime that does not establish rules for each level at 

which negative externalities exist. The “gap” in the case of the Phoenix AMA is 

primarily at the level of critical and sub-basin areas (see chapter 4). These problems exist 

“above” the level of individual neighboring landowners but “below” the level of the 

entire AMA, which is the scale at which the statutory management goal of safe-yield is 

applied. Even if safe-yield is attained, these problems may persist or even worsen. The 

creation of the East Valley Water Forum – a regional, sub-basin scale organization – is 

evidence that municipal water providers have recognized the need for the development of 

additional levels of decision-making and planning.  
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 Though formally nested in a way more consistent with the theoretical aspects 

polycentric governance than Arizona, the San Antonio case reveals some potential pitfalls 

associated with implementing a bottom-up model.  First, the GCDs are hampered both 

individually and at the GMA level by statutes which limit severely their ability to 

generate revenue for management activities. Second, the variation in the content of 

authorizing legislation for individual districts can create a problem of uneven regulatory 

authority.  Both of these factors inhibit the realization of one of the theoretical advantages 

of polycentric governance, which is the space it provides to lower level CPR managers to 

learn by trial-and-error experimentation without fear of failure. An effective polycentric 

system is able to take advantage of opportunities at lower levels of resource use through 

what Ostrom (2005, p. 282) refers to as “parallel autonomous systems.” Instead, resource 

constraints hardwired into statutes dictate that individual GCD managers are largely 

limited to simply fulfilling their mandatory duties.  

At the level of the region (GMA) the case appears to be largely the same based on 

interviewees’ comments. Yet one can see potential for experimentation with adoption of 

multiple DFCs that could reflect more accurately the heterogeneity of aquifer conditions 

throughout the GMA. For example, the joint regional groundwater planning process is 

conducive to experiments in planning and goal-setting due to the relatively short (five-

year) time scale on which revisions and changes can be made. But because each 

additional DFC creates administrative and financial burdens, there is no incentive to do 

so. Instead of utilizing the process to learn through trial and error, GMA 9 has opted to 

simply use a single goal based on an average drawdown over the entire Hill Country 

portion of the internally complex Trinity Aquifer. Thus, for all of the bottom-up, nested 
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planning, the actual management goal is subject to the same limitation of the safe-yield 

goal in the Phoenix AMA, which is assessed over the entire region.  That is, localized or 

sub-regional problems may develop even if it can be determined that the larger 

management goal has been attained.    

This problem is connected to another type of problem that Ostrom’s research has 

shown to be a threat to sustainable resource governance: a lack of large-scale supporting 

institutions. She contends that “[w]hile smaller-scale, community-governed resource 

institutions may be more effective than centralized government in achieving many 

aspects of sustainable development, the absence of supportive, large-scale institutional 

arrangements may be just as much a threat to long-term sustenance as the presence of 

preemptive large-scale governmental agencies” (Ostrom, 2005, p. 278). She then notes 

the important role that the U.S. Geological Survey plays in providing unbiased 

hydrologic information to local groundwater producers. In Texas, the TWDB plays a 

similar role. When the TWDB’s technical staff is reduced, the capacity for performing its 

important role in determining the modeled available groundwater to the GMAs suffers. 

The ripple effect is that GCDs must pay out of their own limited budgets for outside 

consultants to do the work that the TWDB would otherwise provide at no cost.   

In Arizona the role of ADWR as a large-scale supportive institution is perhaps 

even more critical to the Phoenix AMA than TWDB is to the San Antonio region, given 

ADWR’s numerous responsibilities and its critical role in developing management plans.  

When considered together, the cases show the different ways that a lack of large-scale 

supportive institutions can be limiting.  
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In sum, I am suggesting that both cases reveal limits of partial implementation of 

polycentric governance principles. As communities across the Western U.S. continue to 

experiment with new bottom-up forms of groundwater governance, the enhancing and 

limiting factors from this comparative case study could potentially be useful in crafting 

institutional arrangements that are better equipped to solve complex, multi-scalar 

problems. A more robust system of polycentric groundwater governance would 

incorporate the strengths of both cases and avoid the limitations as much as possible. 

From the Texas case these factors might include, for example, a set of nested institutions 

that retain a foundation in the local scale; the ability to blend local knowledge and 

scientific information about groundwater; and a 5-year regional groundwater planning 

and goal-setting process that solicits community input and allows for adjustment of 

management targets based on new hydrologic data. From Arizona, for example: a clearly 

defined system of groundwater rights, duties, and permits, and reasonably effective 

conflict-resolution mechanisms.  

 

8.3. Market-based institutions for allocating groundwater access 

The second broad theme I explored in chapters 6 and 7 is that of the allocation 

(and reallocation) of access to groundwater resources. I asked: how have market-based 

groundwater allocation institutions been utilized in Phoenix and San Antonio 

metropolitan regions? How have these institutions functioned and what factors account 

for their amount and type of transfer activity? In the following discussion I compare the 

two cases of groundwater trading in the Phoenix AMA and the Edwards Aquifer. I focus 

attention on the categories of frequencies and volumes of transfers, hydrological factors 
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affecting groundwater markets, and the role of these markets in relation to broader goals 

and institutional factors.  

 
Comparison of frequencies and volumes of groundwater transfers  

Arizona and Texas are known as having some of the most active water markets in the 

western U.S.  In this section, transfers are compared in terms of frequency and volume, 

beginning with the Edwards Aquifer.  

As shown in chapter 7, it is clear that groundwater rights transfers are frequent in the 

Edwards Aquifer and that the market can be characterized as active.  In the Edwards 

Aquifer, transfers (sales and leases) number in the hundreds every year, and increased 

markedly once the permits were finalized in 2005. This is much greater than the transfer 

activity for Type 2 groundwater rights and sales of extinguishment credits in the Phoenix 

area, even though Water Strategist called Arizona’s transfers “active” etc. in various 

years. 

Compared to the Edwards Aquifer market, groundwater transfers in Arizona are 

complex and the market for groundwater is opaque in the sense that data about transfers 

is not readily available to the public. This made quantifying transfers more difficult in 

large part due to a lack of price information and having to piece together the data from 

different sources. Markets for Type 2 groundwater rights and extinguishment credits do 

exist; however, compared to the Edwards Aquifer, activity is substantially less frequent. 

Type 2 rights typically are exchanged in relatively small amounts, and are not a 

significant source of supply for new urban development because they cannot be used to 

demonstrate a 100-year supply of water. They are useful for certain types of users, i.e., 
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golf courses, nurseries, and construction, and dairies, but do not represent a mechanism 

for moving water supplies from agriculture to urban uses.    

 Extinguishment credits are perhaps more important in that regard, as they are a 

means of indirectly transferring (paper) water from retired farms to urban uses. The 

Western Governors Association (2012, p. 86) has given a positive description of the 

extinguishment credit market: 

 “Transactions involving groundwater rights and extinguishment credits occur as 
the product of negotiations between willing buyers and sellers. Since legislation 
and administrative rules set up the framework for the transfer of groundwater 
rights and extinguishment credits within Active Management Areas, the 
transfers occur without major transaction costs. Arizona’s Active Management 
Areas show that transfers can be used successfully for groundwater, provided 
that rights are established and the rules of trading are clear.” 

 

While true to some extent, this statement needs qualification based on this analysis, at 

least in relation to the Phoenix AMA. One interviewee reported that in recent years, the 

number of actual transfers “between willing buyers and sellers” for credits in the AMA 

ranged from as few as zero to a maximum of only 5 per year: hardly an active market. On 

the other hand, the data show that extinguishments have been quite common. Numerous 

farms have been purchased by developers and incorporated into municipalities, along 

with the extinguishment credits. These credits have been used to satisfy regulatory 

requirements for groundwater pumping. What the data show, though, and confirmed by 

experts, is that most of these transfers occur administratively, with the transfer of land, 

rather than sold separately as a freely transferable commodity between willing buyers and 

sellers.  This can be explained largely by CAGRD reporting requirements, the 

impracticality for developers of obtaining large numbers of credits by simply purchasing 
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and extinguishing farms, and the overall lack of demand for water rights in recent years. 

Additionally, a large volume of un-pledged credits are held by speculators until demand 

for them materializes.  

 

Importance of hydrogeology for groundwater transfers 

In economically-oriented studies it may be easy to overlook the importance of the 

physical attributes – the materiality – of the resource itself as either an enabling or 

limiting factor to the functioning of water markets.  As Skurray et al. (2010) argue, unlike 

other kinds of natural resource markets, what is being transferred in a groundwater trade 

is not a physical quantity of water, but rather the impact of pumping a certain volume of 

water in a new place. All that is changing in a groundwater transfer is the point of 

withdrawal at which an additional volume (for the buyer) is pumped. They further 

identify several important hydrological challenges, including determining hydrological 

boundaries; determining the sustainable yield of the aquifer; and clarifying relationships 

between extraction and impacts.  

  In the Phoenix AMA, the hydrologic boundary is the entire AMA, regardless of 

which of the seven sub-basins. In the Edwards Aquifer, it is a primarily hydrologic 

boundary bounded by geologic barriers restricting flow. Within the larger boundaries, 

there is an internal boundary (the Knippa Gap) that divides the aquifer into two separate 

trading pools.  

 Sustainable yield in the Edwards it is 572,000 AF per year, subject to drought 

period restrictions. In the Phoenix AMA it depends on which market you are referring to. 

There is no sustainable yield requirement for Type 2 rights. Because they are 
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grandfathered rights, they by definition are not required to be consistent with the safe-

yield goal.  The use of extinguishment credits is subject to the AWS rules in conjunction 

with other water supplies that can be used to meet AWS criteria to demonstrate 

consistency with the safe-yield goal.  

 Comparing the two cases is useful because it illustrates the different management 

considerations required depending on the aquifer characteristics. Since groundwater 

trading changes the location of pumping impact, there is a potential risk involved with the 

clustering of groundwater buyers in a particular part of an aquifer. The severity depends 

to a large part on the transmissivity of the aquifer and the system’s spatial heterogeneity.  

Of these two case studies, the alluvial basin fill aquifers in the Phoenix AMA are 

the less transmissive. They are prone to problems such as regional cones of depression, 

areas of subsidence, and earth fissures. The karstic Edwards Aquifer is a more highly 

transmissive system. As experts explained to me, this means that the localized impacts of 

relocating points of withdrawal are largely equalized or diffused spatially across the 

aquifer. In other words, the aquifer itself internalizes some of the externalities of market 

transactions. But it is not perfectly transmissive, and in reality even a highly transmissive 

aquifer still contains internal heterogeneity that creates the potential for problematic 

impacts. For example, new rules were created in order to prevent the concentration of 

pumping in an area where it was expected to have a negative impact on Cibolo Creek, an 

ecologically important surface water body connected to groundwater.  

In the case of the Phoenix AMA, just as permits for new uses must be evaluated 

according to the AWS rules, any market based transfers must also be vetted thoroughly to 

determine likely effects of rearranging pumping impacts to a new part of the aquifer. 
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What kind of externality is the new pumping activity likely to generate? How is it 

accounted for (internalized) or not? In order to have any chance of avoiding or 

minimizing negative externalities associated with shifting impacts around in an aquifer, 

information requirements must be satisfied. The less transmissive and the more spatially 

heterogeneous the aquifer system is, the more complicated or significant the oversight 

requirements may be. Further, because the behavior of groundwater and its interactions 

with surface water are never perfectly understood, a groundwater trading system must be 

able to incorporate new hydrological information and the administering organization 

must be able create new rules based upon it.  

  
Comparative institutional analysis of the role of groundwater markets 
 

Thus far, and elsewhere in the dissertation, I have attempted to explain what 

factors account for the amount and type of transfer activity. The reasons are partly 

hydrological (e.g., in Texas, the highly transmissive Edwards Aquifer serves to reduce 

pumping impacts). They are also partly institutional, e.g., the initial distribution of 

permits and water duties based on grandfathering criteria in both Arizona and Texas; the 

establishment of a statutory cap in Texas; and the “boxing” of certain kinds of 

groundwater rights in Arizona to keep them from changing use categories. The collective 

behavior of market participants (e.g., the formal grouping together of municipalities to 

dominate the Edwards Aquifer market) was also important. I now consider how market-

based groundwater allocation institutions have been utilized in Phoenix and San Antonio; 

in other words, what role have they played?  

I use an institutional economic lens because one of the goals, and strengths, of 

that approach to law and economics (and applied here to natural resource allocation 
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problems) is in developing comparative analyses of institutional alternatives.  As 

Mercuro and Medema (2006, p. 232) state, “…a comparative institutional approach to 

law and economics emphasizes the need to explain and analyze the available alternatives 

and consequences of public policy choices at the constitutional, institutional, and 

economic impact stages of choice.” I attempt to show here how these two cases illustrate 

different ways that groundwater markets can be used for different purposes.  

 In the Arizona case, ADWR has essentially implemented a system of multiple 

independent groundwater markets, each of which is designed to allow some flexibility of 

use but only within certain constraints.  Agricultural flexibility groundwater credits can 

only be transferred among farmers. Type 2 mineral extraction and power generation 

rights cannot be used for any other purpose. Only non-specific Type 2 rights can be freely 

leased or sold throughout an AMA. No market for grandfathered irrigation rights exists at 

all unless they are extinguished and converted to credits.  

 In the larger context of water resource allocation in the Western U.S., a frequent 

argument for the implementation of markets is to generate a more efficient allocation 

where water is shifted from economically low-value uses such as irrigated cotton or 

alfalfa to higher-value industrial and urban development uses. Interestingly, in Arizona, 

neither of the two markets analyzed in this study generate a more efficient allocation of 

groundwater in that way. Type 2 rights circulate among industrial users, which are 

primarily dairies, golf courses, and various turf irrigators. It is a relatively narrow niche 

market for a limited category of users.  

 The market for extinguishment credits involves a different group of users that 

consists mainly of groundwater-reliant municipalities, private landowners, housing 
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developers, and water brokers. The credits are generated when grandfathered rights are 

permanently extinguished. My interpretation of the evidence is that the market itself does 

not drive the reallocation of water from irrigation to urban uses, but rather is better 

understood as an incentive for extinguishing rights associated with land that is desirable 

for urban/housing development.  

 The institutional arrangements that structure the Edwards Aquifer market, 

conversely, do not cordon off different categories and groups of users from each other. In 

this respect, the Edwards Aquifer market has played a more typical role, facilitating a 

reallocation of groundwater pumping from lower-value irrigation to higher-value 

municipal and industrial uses.  

  From a narrow perspective of efficiency alone, one might conclude that the 

Edwards Aquifer market is more “successful” or effective than the groundwater markets 

in the Phoenix case. The Edwards Aquifer market is certainly more active and has 

generated a reallocation of pumping from lower to higher-value uses. However, the actual 

effects of these markets cannot be fully understood based on efficiency criteria alone. In 

order to more fully evaluate the alternatives these cases represent, they must be 

considered in relation to the prior collective choices that made them possible. 

 In the case of Arizona, the different markets (e.g., agricultural flex credits, Type 2 

groundwater rights, and extinguishment credits) are largely “boxed in” so that different 

users cannot trade different groundwater rights. This is largely by design. As one ADWR 

staff told me, “[o]ne of the things that we’ve tried to avoid is crossover with groundwater 

between sectors – municipal, industrial and agriculture” (Interviewee 21, personal 

communication, 2013). This may seem counterintuitive but it actually makes sense in 
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light of the larger institutional context of the AGMA. The roots of this scheme based on 

multiple types of groundwater rights lie in the negotiations leading up to the AGMA. As I 

showed in chapter 3, a more “free market” style solution of freely tradable rights was 

proposed and even favored by the governor but quickly rejected by the GMSC, largely on 

fairness grounds. The urban interests did not want to have to buy farms in order to grow 

and felt such a solution would be unfair.  The system of user category-specific pumping 

rights and permits was the alternative that was worked out through political compromise.  

 In the sense of buyer-seller transactions apart from initial land transfers, the 

extinguishment credit market is not very active. A large volume of credits sits 

unallocated. One could argue it is inefficient, but again it serves a specific purpose in 

relation to one of the larger goals of the GMA, which is to hasten the decline of 

agriculture and provide for urban growth. The extinguishment credit market serves this 

purpose by creating an extra incentive for extinguishing grandfathered rights (arguably 

the most important contributor the overdraft problem) sooner rather than later. Whether 

credits are frequently traded or not is secondary in relation to this primary purpose.  

 Although the Edwards Aquifer market has been active, it was not created with the 

primary goal of generating an economically optimal and efficient allocation. It was 

created for other political reasons. For example, San Antonio needed a way to obtain 

additional water rights in order to buy time to develop additional water supplies; there 

was the threat of federal intervention due to the ESA; and there were considerations of 

fairness to historical irrigators. The institutional arrangements that were collectively 

agreed upon were a workable solution for meeting ESA requirements while still 

respecting to some extent the concept of private groundwater ownership.  
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 My point in laying out these two cases together is to illustrate the different kinds 

of policy alternatives these approaches to markets represent. The comparison shows that 

increased efficiency from an economic perspective may be a secondary goal or effect of a 

given groundwater market system, or even not at all. Multiple niche markets like those 

operating in the Phoenix metro region may be created to serve specific purposes even 

within a broader top-down regulatory framework. 

  Additionally, active groundwater markets can taper off with time as changes in 

water supplies utilized by the major users change. In the case of the Edwards market, 

there is evidence that after roughly a decade of activity the market has “matured” and 

may not serve as a major source of water for new growth in the future. As water prices 

climb, those with unmet future demands may look to infrastructure-based solutions 

instead of participating in a groundwater market. This is evidenced by the increase in 

groundwater pipeline proposals to be utilized by growing communities within the 

Edwards Aquifer Authority jurisdiction (Satija, 2015; SAWS, 2016e). Thus, a potential 

lesson for groundwater cap and trade as a policy alternative is that a market should not be 

assumed to be a panacea for “solving” a regional water demand scenario, even though it 

may serve a particular useful purpose if effectively implemented in light of legal and 

hydrological factors.  

 Ultimately, the choice of one particular type of groundwater market or another (or 

not to create one at all) depends on what is meant to be achieved. The overall 

effectiveness of a market should be judged not just by how efficient and active it is, but 

by whether it is serving the purpose for which it was intended, which may be other than, 

or in addition to, facilitating a more economically efficient allocation of groundwater 
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access rights. 

 

8.4. Conclusion 
 
 This leads to my final thought in an attempt to wrap up the different strands of 

this chapter. For both themes I have analyzed – multi-scalar externalities and allocation – 

a fundamental and perpetual issue is the political question of goal-setting. When 

considering how to design a more polycentric system or whether some type of market-

based groundwater allocation system is an appropriate institutional tool, it is important to 

first clarify what the goal or goals are or ought to be. Additionally, specific resource 

questions are nested within much broader questions. As one ADWR staff member stated, 

A lot of your question has to do with what we want to look like–
everybody. You, me, the farmer, the city, the mine. What do we want to 
look like in the Phoenix and Pinal AMA? Do we want to have no 
agriculture and all concrete block homes with no grass and decomposed 
granite as far as the eye can see? Do we want to have some dispersed 
communities, less dense residential with some farming that maybe could 
be a buffer that we could fallow somehow or explore new ideas where 
we could always have it the way we want it to be? That’s not for us to 
decide and we’re not the kind of agency and haven’t been that we’re 
going to go and say, ‘This is the way we think it should look’ 
(Interviewee 21, personal communication, 2013).  

 
 One of the fundamental tasks of governance should be to create a fair process for 

determining these kinds of objectives. There are any number of ways to use an aquifer, 

each with its own set of effects which are more or less tolerable for different interest 

groups with different value positions.  This is demonstrated by the range of opinions 

about the DFC of GMA 9 for the Trinity Aquifer.  Some think 30 feet of drawdown of 

the regional water table by 2060 it is far too lenient, while others think it is too strict. The 
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same basic split in value positions was noted by one city water manager in the Phoenix 

metro area.  

 I do not presume to answer such big questions here. I merely suggest that, 

following Ostrom and other CPR scholars, groundwater governance likely needs to 

become more complex in order to deal with increasingly complex issues. It should be 

possible to set different goals that address multiple scalar problems, monitor progress 

towards them, and revise them in an adaptive fashion. However, the information costs 

associated with groundwater governance are high and there is no guarantee of success. 

Room to experiment with different institutional arrangements is therefore of high 

importance. Neither of these cases indicates a high capacity in this regard.   

 As a comparative study, this dissertation has been broadly focused on different 

alternatives for addressing common groundwater governance challenges. The two that I 

have focused on are addressing multi-scalar externalities of groundwater pumping and 

how to allocate access to groundwater resources within the context of larger institutional 

frameworks.  

 The case study approach has inherent limits for generalizability. Certainly any set 

of cases of water use in the Western U.S. would be expected to have a variety of 

idiosyncrasies; the cases I have investigated are no exception. Nevertheless, in my view 

the comparative approach amplifies the degree of generalization beyond that of a single 

case study alone. I have argued that the comparison illuminates the potential limitations 

that may be encountered in different institutional settings when polycentric governance 

principles are only partially implemented. I have also argued that a comparison of 

groundwater markets illustrate how they may be utilized and what kinds of effects they 
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may be expected to have in particular contexts. Given that groundwater governance 

broadly is in a phase of experimentation and innovation in the Western U.S. and beyond, 

it is my hope that the evidence and analysis presented in this research can usefully inform 

ongoing discourses about the strengths, limitations, and functions of new groundwater 

governance approaches.  
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Chapter 9: Summary 
 

 
 In this dissertation I have explored the groundwater governance systems in two 

major metropolitan Sun Belt areas: Phoenix, Arizona and San Antonio, Texas. My 

investigation was organized around the following questions:  

• What factors limit the capacity to address multi-scalar groundwater externalities 

in the Phoenix, Arizona and San Antonio, Texas metro regions?  

• How have market-based groundwater allocation institutions been utilized in the 

Phoenix and San Antonio metropolitan regions? How have these institutions 

functioned and what factors account for their amount and type of transfer activity? 

 
 Chapters 2 and 3 developed a historical account of how the major groundwater 

institutions developed over time in the two states. I have shown that both states had 

similar institutional histories up until exogenous pressures forced Arizona to address its 

groundwater problem in a serious way. Both states had similar common law rules as well 

as traditions of local level management. That tradition has persisted in Texas, but has 

been reshaped in recent years to make it more responsive and coordinated. Using archival 

materials I showed how the issues of administrative structure and the use of market-based 

groundwater allocation were raised during the negotiation of the AGMA and the politics 

affecting how they were addressed, thus setting the stage for subsequent chapters.  

 Chapters 4 and 5 were designed to reveal the limitations of these two different 

approaches to governing groundwater that I found through document analysis and 

interviews. I found that while Arizona has had relatively few groundwater-related 

conflicts since the passage of the AGMA, the reliance on a single regional aquifer goal 
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has finally started to produce diminishing returns. The biggest challenge within the 

Phoenix AMA is addressing sub-AMA problems in a coordinated way. Using modeling 

reports and interviews, I found that not only are longstanding cones of depression 

unlikely to improve, but that new problems are developing as a result of the particular 

type of groundwater-reliant development occurring beyond the central urban area. Texas, 

on the other hand, does in fact have a regional groundwater planning process. In fact, the 

entire system is based on bottom-up approach. While in principle this is a well-

intentioned reform, my exploration of the Trinity Glen Rose and Cow Creek GCDs 

shows that it is hampered by several problems. These include a lack of resources and 

uneven regulatory authority. Unless certain limitations are avoided, local-scale 

governance may not be any more productive or effective than a more traditional top-

down model based on a central agency regulator. 

 Overall, the chances for successful bottom-up governance of groundwater bodies 

subject to multi-scalar externalities are likely increased when local units are part of a 

nested, polycentric system that functions relatively well, if imperfectly. The starting 

point, whether more centralized (as in Phoenix, Arizona) or decentralized (as in the San 

Antonio, Texas region), is less important than the implementation of the principle of 

nested enterprises. Analysts should not assume that highly decentralized groundwater 

governance is necessarily superior to other approaches. Rather, they should seek to 

determine what particular configuration of entities is most appropriate for a given context 

in relation to goals (which may be both social and ecological).  

 I also asked: how have market-based groundwater allocation institutions been 

utilized in Phoenix and San Antonio metropolitan regions? How have these institutions 
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functioned and what factors account for their amount and type of transfer activity? To the 

extent that markets for groundwater exist in Central Arizona, they are subservient to 

broader management goals other than efficiency. In the case of Texas, the Edwards 

Aquifer groundwater market has been active consistently over the last 10 years and has 

generated appreciable reallocation of groundwater from irrigation to M&I. What I found 

was that, based on what several informants stressed to me, the market functions the way 

it does in large part because of the unique aquifer conditions. This suggests that the 

Edwards is perhaps as close to an “ideal” setting for a groundwater market as might be 

found. Even so, administrators have found the need to restrict certain types of trades in 

order to avoid or minimize the negative externalities of changing points of withdrawal in 

certain parts of the aquifer. This points to the critical importance of the materiality of the 

resource itself to the functioning of any market.  

 The process of conducting the field work and writing the dissertation have 

generated a number of ideas and interests for future work. Here I note two.  One is the 

importance of the particular pattern of urban growth and its connection (or disconnect) 

from physical water availability. In talking to water managers, I realized a whole 

complex of other institutional arrangements and political economic factors were working 

together to generate certain kinds of growth far away from the urban cores of Phoenix 

and San Antonio. In particular, I noticed the importance of the price of land. Even in 

Arizona where water availability requirements are ostensibly very strict, land 

development proceeds first in many cases and water comes behind it in importance. In 

future work I wish to examine more closely the disconnect between land use and water 
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policy by studying land use law in particular settings in connection with spatial analysis 

of growth patterns in relation to water supplies.  

 The second issue I wish to pursue relates to something I found in Texas, which is 

the increase in proposals for groundwater pipelines from rural areas to cities. While there 

were no pipeline projects happening in any of the cases I studied, informants often 

referenced existing ones and the politics they were stirring up. On the face of it, it seems 

like a classic, basic “water grab” by an urban area like San Antonio. But because it is 

groundwater, a number of interesting issues are raised as a result of a certain level of 

uncertainty about how much water is even available to permit, much less what constitutes 

“sustainable” groundwater pumping when permit requests are for tens of thousands of 

acre-feet of groundwater. These cases present some interesting conundrums related to 

managing with uncertainty and rural-urban politics.  
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