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ABSTRACT 

The San Pedro Riparian National Conservation Area was designated by Congress 

in 1988 to preserve and enhance riparian resources of the perennial reach of the San Pedro 

River. The perennial flow is due to geological restrictions forcing groundwater to 

discharge to the stream. The Sierra Vista area lies above this perennial reach and fiilly 

depends on groundwater for its water needs. Consequent excessive pumping has resulted 

in a r^onal cone of depression and capture of streamflow water by groimdwater wells. 

As a result, the streamflow has diminished by SO to 66 percent, compared to pre-

development conditions. In addition, the groundwater table within the fioodplain alluvium 

has declined below the root zones of native species and is affecting the health of the 

riparian ecosystem. Studies have confirmed that continued groundwater overdraft in the 

area constitutes a long-term threat to the maintenance of the perennial flow and its riparian 

ecosystem. The effects now being felt by the river are the consequences of pumping years 

ago, because transit times in the regional aquifer are slow, averaging 23 feet per year. 

This study uses an institutional analysis and design fi-amework to identify water 

and natural resources problems in the area, analyze the existing institutions and attribute 

problems to institutional deficiencies, and design three institutional alternatives to resolve 

these problems. The four problems identified in the area are depletion, externality, 

underinvestment, and maldistribution. The first alternative, which requires the least 

institutional change, is modeled after a newly-proposed Watershed Management Initiative 

and includes designating the area as Irrigation Non-expansion Area. The second 
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ahernative is a regulatory approach based upon establishing an Active Management Area 

sitnilar to the Santa Cruz AMA. The third is a maiicet approach based on sweeping 

statutory changes to recognize the l^draulic connection between ground and sur&ce 

water to and enable the adoption of a conjunctive management strategy to protect the 

perennial flow and the sustained groundwater yield in the area. Onfy the conjunctive 

management strategy offers a long term solution to the area's problems. It is consistent 

with protecting public values in water and produces the maximum net benefits to all 

concerned. 
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CHAPTER 1 

INTRODUCTION 

Water is essential to human activities and the sustenance of life. Many scholars find 

it difficult to explain and accept the emotional, and seemingly irrational way in which 

people, particularly in the western United States, view water. Rather than treating water 

like any other commodity, it is more often treated as a costless resource that should be 

available practically 6*66 in whatever quantities a person can use (Kelso, 1967). Therefore, 

it is not surprising that traditional water policy, especially in the western United States has 

focused primarily upon man and his direct consumptive uses of water. As a result, public 

values in water such as aesthetics, wildlife, and ecological integrity were ignored and 

under-represented at best. The ramifications of this policy are in the case of Sierra Vista 

Subbasin (subbasin), which exemplifies a policy of making water available, practically fi'ee, 

in any quantities land owners can use, while ignoring other parts of the environment which 

depend upon water for their very existence. 

1.1. The River and its Riparian Habitat 

Over the last 100 years, many of Arizona's streams and their associated riparian 

habitats have undergone dramatic changes. A prime example is the Santa Cruz River, 

which once was mostly perennial, often as a series of cienegas rather than a flowing river, 

supporting lush aquatic vegetation and diverse wildlife. Massive groundwater pumping 

over the years has dramatically changed the river, by lowering groundwater the table 

which leads to the loss of surface water (TeUmaa, 1997). Intensified demand for water the 
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in arid Arizona environment, especially in areas where surface water is limited, resulted in 

a groundwater overdraft, loss of surface waters, and subsequently the loss of riparian 

vegetation and its dependent diverse wildlife. 

The San Pedro River originates in Cananea, Sonora, Mexico, about 30 miles south 

of the international border, enters the United States near Palominas, Arizona, and flows 

north for 125 miles to its confluence with the GUa River near Winkelman, Arizona (Figure 

1-1). The river is perennial for 36 of its 62 river miles within the Upper San Pedro River 

Basin (USPRB), and is intermittent elsewhere. The U.S. section of the basin includes the 

Benson and Sierra Vista subwatersheds. The perennial reach of the river exists within 

Sierra Vista subwatershed (referred to hereafter as "the subbasin") from near Hereford to 

about 5 miles south of St. David. Most of the perennial reach is inside the San Pedro 

Riparian National Conservation Area, which was acquired by the U.S. government in 1988 

and placed under the management of the U.S. Bureau of Land Management (BLM). The 

Babocomari River is the only major tributary in the subbasin, but there are other tributaries 

that contribute significant runoff to the river. 

The grassland and riparian ecosystems within the subbasin are known for their highest 

biodiversity and provide habitat for endangered species (Arias et al., 1998). The riparian 

ecosystem, which is dependent upon the river for its existence, is one of the best remaining 

in the state. The area is rich in diversity and habitat types, and supports one of the largest 

surviving examples of the southwestern broadleaf riparian forest, serving as a vital 
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corridor for millions of migratory birds. Realizing the threat surrounding this unique 

ecosystem and its biodiversity, the U.S. Congress established the San Pedro Riparian 

National Conservation Area (SPRNCA) with the passage of the "Arizona-Idaho 

Conservation Act of 1988". The purpose of this establishment is stated as "In order to 

protect the riparian area and the aquatic, wildlife, archeological, paleontological, scientific, 

cultural, educational, and recreational resources of the public lands surrounding the San 

Pedro River^. The Act authorized the Secretary of Interior to "manage the conservation 

area in a manner that conserves, protects, and enhances the riparian area and the aquatic, 

wildlife, archeological, paleontological, scientific, cultural, educational, and recreational 

resources of the conservation area (Arizona-Idaho Conservation Act, 1988). 

In 1995, the American Bird Conservancy, in partnership with Partners in Flight' 

and the National Audubon Society, named the SPRNCA a Globally Important Bird Area, 

which is the first designation of this kind in the Western Hemisphere (CEC, 1998). In 

1996, the Commission for Environmental Cooperation^ (CEC) recognized SPRNCA as an 

"Important Bird Area (IB A)" of concern to the countries signatory to the North American 

Free Trade Agreement (NAFTA). American Rivers' also listed the SPR in the top 4 

' See CEC (1998) for more details on this group and its activities in bird 
conservation. 

^ Established under the North American Agreement on Environmental 
Cooperation (NAAEC), the environmental side agreement to NAFTA. 

' A group whose objective is to educate people on the value of fi'ee-flowing 
streams. Available on the world wide web at 
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"endangerecf' U.S. rivers in 1999. 

1.2. The Hydrologic Reality of the San Pedro River 

The river shares its watershed with the rapidly growing community of Sierra Vista 

and the U.S. Army Fort Huachuca military base. Sierra Vista's population has dramatically 

increased fix>m just 10,826 in 1971 to 38,310 in 1997, with a population in excess of 

55,000 within a ten mile radius from the dty of Sierra Vista (Sierra Vista Department of 

Development Services, 1997). The area is fiilly dependent on groundwater for its water, 

and the dramatic increase in water use over the years has created a regional and expanding 

cone of depression, and placed the aquifer in an annual groundwater deficit 7,370 acre-

feet. 

The deep regional groundwater aquifer is hydrologically connected to the river 

through the shallow floodplain aquifer. The river's runoff responds to precipitation events 

and snowmelt, which usually lasts for few days. Its baseflow is a direct groundwater 

discharge from the deep aquifer, and it constitutes the only the stream flow during 

prolonged periods of little or no rain. This discharge directly depends upon groundwater 

table gradient, which allows water to flow and discharge to the river. Since water in the 

basin occurs in continuum, any groundwater pumping will, in the long run, diminish the 

hydraulically-connected streamflow by a process known as "capture", because 

groundwater wells capture water from the stream or in transit to the stream. If capture 

<http ;//americanrivers.org/99endangered. html>. 
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contmues, streamflow will cease to exist, because groundwater will be moving toward the 

cone of depression, rather than discharging to the river. 

A regional cone of depression in the Sierra Vista-Fort Huachuca area, has lowered 

the groundwater table, and started to capture groundwater that would have discharged 

into the river, in the absence of any groundwater pumping. The deep aquifer discharges 

water to the fioodplain aOuviuni, a narrow and shallow aquifer on both sides of the river, 

which acts as a conduit between the deep aquifer and the river and supports the area's 

riparian forest. Maintaining a shallow groundwater table (i.e. within the root zone of most 

riparian vegetation) in the fioodplain aquifer is vital for the maintenance of both the river's 

streamflow and the riparian habitat. 

1 .̂ The Dilemma of the River 

Since the passage of the 1980 Arizona Groundwater Management Act (AGMA), 

Arizona has developed a reputation for strict groundwater regulation. The provisions of 

this Act, however, apply only within the boundaries of established Active Management 

Areas (AMAs), and even there do not provide any protection for riparian ecosystems if 

harmed by groundwater pumping. Although the state has started to recognize streamflow 

as a beneficial use of water, current Arizona water law, within or outside AMAs, does not 

provide any protection for instreamflows, which can legally be reduced and even be lost to 

excessive groundwater pumping, with no liability on the part of groundwater pumpers 

(Glennon and Maddock, 1994). Although we now know that groundwater and sur&ce 

water are conmionly highly interconnected, Arizona's water law still defies this hydrologic 
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reality and relies on a bifurcated legal system, >^ch treats surface and ground water as 

separate bodies of water. 

On one hand, the state's surface water use is governed by the statutory '̂ doctrine 

of prior appropriation" (ARS 45-141. A), which is popularly characterized as "first in time, 

first fai right". The river's surface water flow is fiiUy appropriated by claims dating back to 

the late nineteenth century. On the other hand, groundwater (percolating) is subject to the 

common law "reasonable use doctrine" (ARS 45-453), which gives the overlying land 

owner the right to pump as much water as can be put to beneficial use, without imposing 

malicious harm on adjacent land owners^ Under these laws, the hydrologic interface 

between ground and surface water systems is not recognized, winch leaves surface water 

appropriators with no protection, as continued groundwater pumping diminishes and 

eventually depletes the surface water flow. 

The dilenmia of the river is two fold. First, the surface water of the river was fiilly 

appropriated well before the turn of this century and long before any groundwater 

development commenced in the basin. However, appropriators of surface water are 

helpless in protecting their vested rights fi'om harm caused by groundwater pumping, and 

subsequently, may be left with a paper right that has no value. Second, besides diminishing 

the river's streamflow by as much as 50 to 66 percent (Corell et al., 1996; Mac Nish, 

* This is generally the law as it applies areas of the state outside the designated 
Active Management Areas created under the 1980 Arizona Groundwater Management 
Act. 
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1998), the current rate of groundwater pumping is lowering the water level in the 

floodplain aquifer below the root zone of some phreatophytes and other riparian species, 

which will result in the loss of the aquatic vegetation and dependent wildlife of SPRNC A. 

Studies have shown that riparian ecosystems in the arid Southwest are either lost or at the 

brink of being lost, largely because of groundwater pumping (Stromberg et al., 1993). 

Future declines ni the groundwater levels within SPRNC A will result in desertification of 

the riparian flora, and complete loss of biodiversity through the loss of groundwater-

sensitive wetland plants (Stromberg et al., 1996). The current condition of the Santa Cruz 

River affords a preview of what could happen to the San Pedro River if groundwater 

pumping in the Sierra Vista-Fort Huachuca area is to continue uncontrolled and 

unchecked. 

1.4. Purpose and Organization of the Study 

Arizona's Water Code defies modem hydrologic understanding by not recognizing 

the hydrologic inter&ce between ground and surface water. The law does not only make 

sur&ce water appropriators and the riparian vegetation vulnerable, it gives legitimacy and 

even immunity to landowners, who may pump groundwater at a rate &r in excess of the 

sustainable yield of the aquifer. 

As it already has in other parts of Arizona, this institutional deficiency could soon 

lead to the loss of streamflow of SPR and the riparian habitat of SPRNC A. Water use in 

the area not only afifects the economic well-being and prosperity of the area, it also 

connects the economic uses with the well-being of the area's natural ecosystems. For 
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decades the state's water law has served the narrow economic interests of consumptive 

water users, fiiiled to protect vested senior surfiice water rights from harm by groundwater 

developers, and ignored the non-consumptive uses as well as the public value of water. 

Arizona's response to the newly emerging social value of creating and protecting 

instream flow has been slow and inefifective at best. Only recently has the state expanded 

the definition of beneficial use of water (which is the heart of the doctrine of prior 

j^propriation) to include non-traditional instreamflow uses (i.e. recreation, scenic, 

aesthetic, fish and wildlife) and even started to issue instreamflow rights. The problem, 

however, is that existing water laws are not in line with this recent change, because these 

newly-recognized rights do not have any protection under existing laws, which were 

crafted long before many of our modem day water problems were properly understood. 

As a result, a host of water and natural resource problems have emerged over time, but 

society's ability to deal with them is limited since existing laws are not designed to address 

or resolve them'. 

Management of water and natural resources can be especially problematic due to 

the incompatible and often conflicting nature of the interests involved in use of these 

resources, environmentalists, developers, local residents, local, state and federal 

goveniments involved (Dryzek, 1983). This can not more true than the case of Sierra 

' For example, the Arizona General Stream Adjudication of water rights, which 
continues into its third decade (Arizona General Stream Adjudication Bulletin, 1996), and 
costs ten of millions of dollars, has not been able to resolve the fundamental issue of 
ground and surface water interaction. 
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Vista subbasin. To deal with the complex issies of water and natural resources in this 

area, this study applies a recently developed institutional analysis and design framework, 

which adopts a problem-solving orientation to, identify water and natural resource 

problems in the region. It does so by characterizing the existing institutional structures, 

identifying the institutionai deficiencies which gave rise to these problems, and proposing 

and evaluating three institutional alternatives to resolve these problems. Hie emphasis of 

this research lies in articulating solutions which manipulate behaviors of resource users, 

rather than manipulating the environment, in which these resource are found. 

This represents a recent philosophy in addressing current and future water and natural 

resource problems, which Lord (1990) characterizes, saying, "the era of water resources 

development is behind us and the era of water resources management has dawned, and the 

fundamental principle of water management is to encourage the generation of new options 

that increase the benefits of water use to all users without (necessarily) an increase in 

water use". In other words, given that water and natural resources are limited, the 

challenge is then to articulate solutions that could convert zero-sum situations into a 

positive-sum ones. 

Chapter Two presents the conceptual and methodological fi'amework used in the 

study. Chapter Three presents the model of the environment in the subbasin, which is 

divided into two sub-models; the hydrology and the watershed sub-models. Chapter Four 

uses the conceptual fiamework to characterize existing ground and surface water 

institutions in the subbasin. Chapter Five identifies water and natural resource problems in 
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the subbasin and links diese problems to deficient components in the existing institutions. 

Chapter Six presents the first ahemative institutional option, which is more technical than 

institutional, although it envisions establishing an Irrigation Non-expansion Area (INA) 

under the 1980 AGMA, in addition to the adoption of watershed management measures. 

Chapter Seven presents the second institutional ahemative, which requires establishing an 

AMA under the AGMA in the subbasin. Chapter Eight presents the third institutional 

ahemative, which requires sweeping institutional changes to implement a conjimctive 

management approach in the subbasin to provide protection for streamflow of the river 

and permh the use and even the development of a sustainable groundwater yield. Chapter 

Nine will present a comparison of all three alternatives, present the conclusion of the study 

and recommendations for further research. 
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CHAPTER 2 

CONCEPTUAL FRAMEWORK FOR INSTITUTIONAL 
ANALYSIS AND INNOVATION 

2.1. bitroduction to Institutional Analjrsis and Design 

The mai^ attributes of natural resource problems have attracted scholars from 

many disciplines, and resulted in a rich heritage and a body of knowledge of diverse 

conceptual and methodological tools to deal with them. Some of the disciplines inchide 

neo-classical economics, political science, and public administration, while sub-disciplines 

include public choice, organization theory and political sociology (Gregg et al., 1991; 

Kenney and Lord, 1999). One of the aspects of natural resource studies that is receiving 

increasing attention recently is the area of institutional analysis and design. This is due to 

the increasing appreciation that most solutions to natural resource problems lie in the 

modifications of institutional arrangements, which specify the manner in which individuals 

and organizations interact with each others and with the natural environment^. Full 

understanding of natural resources problems and their institutions requires a complete 

accounting of the different components involved in an "action situation" (Ostrom, 1986; 

Crawford and Ostrom, 1993, Ostrom et al., 1994) and isolating those responsible for 

creating problems. Ostrom developed a comprehensive state-of-the-art framework relating 

to institutional description, analysis and design. This framework as applied by Kenn^ and 

^ Natural sciences and engineering disciplines have obviously played and will 
continue to play a major role in understanding, explaining and shaping the physical 
environment of natural resources. 
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Lord (1999), which is utilized for the analysis of water and natural resource problems of 

the Sierra Vista subbasin, and is presented in the remainder of this chapter. 

2.2. Methodology of Institntioiial Anafysis 

The framework for institutional analysis and design, as applied in this study, is not 

a new academic pursuit, but rather incorporates several important advances which have 

been made in recent years (Kenney and Lord, 1991), as scientific methods have been 

increasingly used in the study and analysis of institutional arrangements. It starts with an 

accurate description of institutional arrangements, which requires the disaggr^don of 

institutions into specific elements. These elements are called ''rules'\ formal and informal, 

they specify who is involved in the resource use and management, and are subject to 

human intervention and change^. The process then concludes with an identification and 

classification of problem-types and solution t3^es in a manner that facilitates analysis. 

2.2.1. The Institutional Analysis and Development Framework 

Within the natural and water resources area there is newly emerging trend of 

focusing more on non-structural solutions (manipulating human behaviors as they interact 

and use these resources), rather than structural ones (manipulating the biological and 

physical environment), which are becoming increasingly costly and controversial at best. 

Non-structural solutions require different analytical approaches to model and evaluate 

' These rules are not to be confused with physical and biological laws, which are 
human artifacts but are not subject to change, although they partially determine human 
behavior. 
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them. The work of Elinor Ostrom has set the stage for the conceptualization, analysis and 

design of institutions with her "agenda for the study of institutions" (Ostrom, 1986), and 

later, along with others, she has provided a more comprehensive framework for 

institutional analysis and development (IAD). The work of Kenney and Lord (1999) has 

even further enhanced and fine-tuned the IAD to develop ahemative water and natural 

resources problem-solving strategies, with special emphasis on those problems particular 

to the western United States. The process begins with an "action situation", consisting of 

three interrelated components, actors, rules, and an environment. It then proceeds to 

thoroughly investigate rules, which shape the decision makii^ and actions of actors in the 

action situation. 

2.3.1.1. The Action Situation 

Human behavior is determined by rules, by the nature of the environment in which 

people and groups operate, and by the innate characteristics of the human animal. 

Therefore, understanding how institutions affect and shape the behavior of individuals and 

groups requires understanding of the behavioral characteristics of the actors and of their 

interaction with the environment. The emphasis in this fi'amework is upon the rules or 

institutions that can be created and changed by humans', to permit them to better interact 

with each other and with their environment. Institutional innovation focuses upon creating 

or changing these rules as a policy response to solving problems. 

* This is not to discount the relative importance of other components of an action 
situation, such as the psychology, biology, enviroimiental science and engineering. 
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The unit of analysis in the IAD fi^ameworic is the action situation, which supplies 

the context in which human action attempt to resolve specific problems. Action situation is 

a problem-specific and it is the result of problem solving activity on the part of the affected 

and empowered interests. It consists a set of actors or stakeholders, which may be 

individuals or groups of individuals; a set of rules or institutions, which determine the 

behavior of these actors; and an environment, which consists of all those Actors or 

variables which affect, and are affected by outcomes of the actions taken by actors (Figure 

2-1). 

2.2.1.2. The Decision Making Environment 

Rules and the behaviors of actors are distinguished fi-om physical and biological 

rules and laws which affect the outcomes of an action situations and are often grouped 

into one catchall heading of the environment. For &cample, in the field of water resource 

management, there are many unique environmental attributes, such as the obvious 

tendency of water to flow downhill. The implication of this gravitational reality is that 

upstream water users traditionally affect downstream ones, creating asymmetric situation, 

which economists see as a generator of externalities. 

2.2.13. Actors or Stakeholders 

The human actor is not only strongly influenced by institutions which liberate and 

restrict his action, but also capable of evaluating and changing those rules, as experience 

and social learning accumulate. Thus the human animal is uniquely capable of envisioning 
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his own future and consciously shaping h. The model of human behavior most useful for 

institutional analysis is based on multi&ceted view of the adaptive, problem-solving animal 

of biology and psychology, the rational decision maker of economics, and the socialized 

and rule-bound actor or "'organization man" of sociolo^ (Kenney and Lord, 1999). 

2.2.1.4. Institutions 

The term "institution" has multiple meanings. One everyday usage of the term in 

ordinary discourse equates it with agency organization, such as a university as an educa

tional institution or a bank as a financial institution. Social scientists, however, define the 

term differently. For example, it is defined as "rules about behavior and making decisions" 

(Riker, 1982); "collective action in control, liberation, and expansion of individual action" 

(Commons, 1950); "rules for individual expression, information transmittal, and social 

choice" (Plott, 1979); "imply a broad aggregation of particular rights that are often 

grouped in sets" (Schmid, 1987) and "socially determined sets of rules which shape human 

action" (Ostrom, 1986; Lord, 1989). Despite their difference, these definition refer, 

sometimes implicitly, to institutions as "rules". These rules exist in language shared by a 

set of individuals, rather than as a set of physical parts of a certain envirormient (Kiser and 

Ostrom, 1982). Rules then, are "artifacts which are subject to human intervention and 

change" (Ostrom, 1986). For the purpose of this study, the following definition, based on 

Ostrom's "sets of rules" which constrain and expand the behavioral options firom which 

actors may choose, as part of the environment ui which decision making takes place. 

Institutional analysis, therefore, is the analysis of these sets of rules, as they shape and 
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influence human decision malring 

A systematic examination of existing niles and the design of new or ahered nile 

sets requires a taxonomy of different rule types (formal and informal), which can be a 

useful tool for institutional analysts. The IAD fiamewodc identifies and distinguishes seven 

cat^ories of such rules (scope, position, boundary, authority, aggregation, and payoff), 

which supply the vocabulary for institutional analysis. The interaction of these seven types 

of rules in an action situation with the decision making actors and the physical 

environment, determine the projected outcome of adopting and implementing any 

particular set of these rules (Kenn^ and Lord, 1999). 

2.2.2. Levels of Decision Making and Action 

Rules shape human behavior as individual groups of individuals use resources. 

Many institutional scholars observe that the process of creating or modifying these rules 

itself is governed by rules. In other word, there are rules for creating or changing the rules 

(Ciriacy-Wantrup, 1970; Ostrom, 1986; Lord, 1989; Gregg et al., 1991). Institutional 

scholars have recognized and identified multiple "levels" of institutional analysis (Ciriacy-

Wantrup, 1970; Kiser, 1982; Gregg et al., 1991). Ostrom (1986) has distinguished and 

adopted the following three levels of decision making, operational choice level, collective 

choice level, and constitutional choice level (Figure 2-2). 

The lowest level of decision making and action is called the "operational choice 

level". Decision makers at the this level are mostly natural resource users, and may be 
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others directly involve in the actual use of the resource. They make resource use decisions 

governed by a set of rules caUed the operational choice niles. These rules are created and 

modified at the second, or the next hi^er decision making level, which is called the 

"collective choice level". 

In contrast to the individual resource user decision making at the operational 

choice level, decision at the collective choice level usually occurs in group settings, such 

as markets, legislatures, courts, and committees and commissions of various kinds, and 

involves operational choice rules making or changing. Activities at this level are maiiced by 

bargaining, voting, litigating, and other interactive modes. 

Similarly, the collective choice rules are created and modified at the "constitutional 

choice lever, which is third and highest decision making level to be considered. The 

constitutional choice level predominantly consists legislatures and courts as the 

participants. Constitutional choice rules, which govern action at this highest level, are 

assumed to be not open to change, within the context of the analysis of a specific natural 

resource plamiing and decision making action situation. 

Although all three levels of decision making are interdependent, in analyzing a 

particular action situation, only one level of decision making will be considered at a time. 

This means that problems at the operational choice level, for example, are solved within 

the context of operational choice rules, while collective choice rules remain constant. If 

analysis shows that these problems are due to deficiencies in the operational choice rules 

set, then a subsequent analysis of an action situation at the collective choice level is 
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warranted. Likewise, if the collective choice rules set is deficient (do not permit resolving 

of decision making problems at this level), then analysis action is warranted at the 

constitutional choice level to analyze and prescribe necessary coUective choice rules 

changes. 

2.2^1. The Operational Choice Level 

Understanding the environment is essential for successful analysis of an action 

situation at the operational choice level. A model of the physical environment is necessary 

to analyze problems at this level. These models are situation-specific, such as the model of 

the hydrology of a particular watershed. 

Behavioral metaphors are also needed to predict decision-maker actions. These 

metaphors vary fi'om one situation to another, although less widely than the environmental 

metaphors. Unlike metaphors of the environment, social sciences metaphors are likely to 

be problematic, less well developed and tested, and have less consensus. Bounded rational 

decision making (Simon, 1982) is an alternative basis for metaphors predicting individual 

behavior, but more complex models are needed to predict behaviors of collective groups 

and organizations. 

Rules at this level also vary widely fi'om one situation to another, and they 

generally specify what kind of actions are and are not available for participants at this level 

with respect to resource use. The IAD seven-type rules applicable for operation choice 

level are listed below. 

1. Scope rule, defines the domain of applicability of the rule set relating to the use of 



natural resource. 

2. Position rule, defines the roles available for actors with respect to the resource 

use. A position must exist for every type of decision maker at the operational 

choice level. All occupants of a single type of position are homogeneous, fi'om the 

point of view of institutional analysis and are subject to the same set of rules of the 

other six kinds. Otherwise, more than one position type should be recognized. 

3. Boundary rale, defines how individuals and organizations are admitted to hold 

resource use position or leave such a position. 

4. Aathority rale, defines rights and duties and identifies what position holders may, 

may not, must, or must not take with respect to the use of the resource. Right is an 

indication of what an position holder may do, and the lack of such a right indicates 

what the position holder must not do. Duty is an indication of what is prohibited 

and what a position holder must not do. The lack of such a duty means that anyone 

(position holder or otherwise) may not observe that prohibition if he or she 

chooses not to, or that the prohibition does not exist in the first place (Hohfeid, 

1964). The absence of specific and critically important duties is a common cause of 

water and natural resource conflicts. 

5. Inforaiation rale, defines what information shall be provided and transmitted by 

participants at the operational choice level. Information rules are often not shown 

in system models, but they can be voy important determinants of resource use at 

this level. 



36 

6. Aggregation rule, maps the actions of individual resource use activities at this 

level into collective or aggregate outcomes. A good example of this rule is the 

situation-specific application of the principle of the doctrine of prior appropriation, 

"first in time, first in right*^, through which scarce water supplies are allocated 

among competing claims. 

7. PayofT rule, m^s individual resource use decisions into an aggregate outcome, 

and defines how outcomes of these decisions in terms of benefits and costs shall be 

distributed to position holders, in quantified manner. In other word, it determines 

i^o gains and who loses, fi'om paying for inputs, receiving outputs, or fi'om 

receiving indirect impacts of resource uses. 

2 .̂2.2. The Collective Choice Level 

Interdependence dominates the behaviors of actors at this level. Therefore, the 

logistics of meetings and bargaining are &r more important than the scientific artifacts 

found at the operational choice level, and the bounded rational decision maker metaphor 

(used at the operational choice level) is not suited to predict behaviors of actors at this 

level. Instead group behavior theories, such as cooperative and competitive game theoretic 

models of n-person negotiation and bargaining are more usefiil. Changing or adopting new 

operational choice rules is a collective choice activity, and the rules governing these 

activities are important determinants of what can be accomplished. Actors at this level do 

not consider changes in collective choice rules, which is a constitutional choice level 

activity, but sometimes it is necessary to analyze potential changes in these rules, if desired 
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changes in the operational choice rules cannot be achieved under exiting collective choice 

rules. The same IAD seven-type rules, mentioned earlier, apply for collective choice level. 

2 .̂ Institational Dynamics - The Problem Solving Approach 

There is no satisfactory theory which explain the process of institutional change. 

While IAD framewoilc does not o€fer such a theory, it enables us to evaluate, analyze and 

design institutions. Institutional change is regarded as the result of problem solving 

activities. The problem definition is the most important step the in problem solving 

process. Natural resources problems begin with resource users' experience of 

dissads&ction, which is termed by Dewey (1936) as the '̂ problematic situation". As 

individuals and groups involved in the resource use activity attempt to resolve the 

problematic situation, they define one or more problems, by adopting metaphors which 

may or may not be explicit. Once the problem is clearly defined, a search for potential 

solutions, evaluation of those solutions, selection of solution for implementation, and 

perhaps evaluation of the outcome all begin. 

2 .̂1. Problems at the Operational Choice Level 

Natural resource use problems (operational choice level) are commonly due to 

experiences of dissatisfiiction over the distribution of benefits and harms of resource 

management. At this level four types of problems may be idoitified: depletion, 

underinvestment, externalities and maldistribution (Kenney and Lord, 1999). 

2.3. LI. Depletion 

Depletion describes a condition in which the time distribution of resource use rates 
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is shifted from the future to the present (Wantrup, 1970). The most common cause of 

depletion is an action situation in which access to a natural resource is open to all and the 

rate of resource use by each affects the amount that can be used. There are no behavioral 

rules regarding the use of the resource, and there is no property (Bromley, 1991). The 

resource is then subject to the rule of capture and belongs to no one until it is in 

someone's physical possession. This condition creates a potential for rivalry among 

resources users, because a unit captured by one user becomes unavailable to another. Each 

user has a complete autonomy to determine the rate of use of the resource, since no one 

has the l^al ability to keep any potential user out. Users have both privilege and no right 

with respect to use rates and maintenance of the resource. As a result, the current rate of 

resource use threatens to diminish fixture availability and use of the resource. This problem 

emerges due to the absence, or the breakdown, of an authority system whose very purpose 

is to introduce and enforce a set of norms of behavior among resource users with respect 

to use rate (continued higher present use rate vs conservation or preservation of the 

resource). The problem is a synametric one, because each user creates a cost which is 

spread over all users of the resource themselves. However, the cost which a single user 

bears is minor in relation to the total cost imposed upon all, and thus no user takes into 

account the fiill implications of his/her actions. Consequently, the current resource use 

threatens to diminish or extinguish the possibility of future use. 

2 .̂1.2. Underinvestment 

Underinvestment occurs when the future productivity of a resource is unduly 
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limitedi by lack of current eq)enditure on its management. The common cause of 

underinvestment is the public good problem. A public good is one which must be provided 

to all in equal amounts, which no one can be excluded from consuming, and for which the 

cost of providing it to one is as great as the cost of providing it to all. 

The non-exchisiveness character of public goods makes it impossible for the 

private sector to provide these goods, but when the government attempts to do so, it is 

&ced with the absence of any maiket signals on the efiBcient level of their provisions. The 

public goods problem arises when the expected future provision of the resource-related 

goods and services is smaller than desired, due to insufficient investment in resource 

management. The conflict is then over the appropriate level of current investment in 

resource management and the implied fiiture level of provision of resource-related goods 

and services. 

2.3.1.3. Externality 

Externalities (more properly, external costs) are uncompenseited, human caused 

harm, to other than their creators, or to society at large. There is no incentive for the 

generator of this efifect to take account of it in its decision making (Hackett, 1998). An 

externality problem reflects the separation of responsibility from authority in resource use 

decision making, and exists when some results of a decision do not affect the decision 

maker, due to imperfectly defined property rights. Externalities are usually incidental and 

unintended efifects involving direct interactions, through competition for a common 

property resource. They arise also when the party imposing the harm or costs has 
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privilege, or presumptive rights, while the victim has no rights (Bromley, 1991). 

Externality is purely asymmetric situation, since there is nothing which the bearer of the 

externality can do directly to lessen the impact. Some economists consider externality 

problems a special or a sub-set of the more general natural resource problem of 

maldistribution (Schmid, 1987), in which actions of one party results in denial of access to 

the same "limited" resource to another party. 

2.3.1.4. Maldistribution 

Scarcity is a phenomena so general that some may object to considering it a 

problem at all. Most resources are scarce, and those which are not are often not 

considered to be resources. A resource is said to be scarce when at a zero price, there is 

not enough to satisfy desires of all users, therefore, allocating the resource for one use 

means forgoing the opportunity for another and creating an opportunity cost. The 

discipline of economics is primarily about the allocation of scarce resources for competing 

uses, and it relies on prices as signals of relative scarcities, cost of production, and/or 

change in consumers' preferences. Most economists until recently refused to consider 

scarcity in terms other than relative market prices and the allocation of scarce resources to 

achieve economic efiBciency, with little interest in equity or distribution. On the other hand 

many conservationists refuse to accept economic efiBciency as a criterion for resource use, 

and consider the issue to be emotional and ethical. 

Resource scarcity gives rise to problems over the control of the resource use or the 

recognition of its ownership. When resource users experience depletion, underinvestment. 
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and externality problems, th^ usually disagree over the rate of use of the resource and the 

desired level of resource-related goods and services received by different users. While the 

incidence of benefits and costs for depletion and underinvestment problems are separated 

by time, in the case of externalities they may be separated by time, space and type of use 

(Kenn^ and Lord, 1999). This, however, is not the case when potential users are 

experiencing resource scarcity. No separation in terms of time or space exist because 

resource users and potential users are directly competing for the flow of resource-related 

goods and services, which are inadequate to satisfy demands of all of them. The problem is 

characterized as maldistribution, because the resource's operational choice rules are 

leaving some users unsatisfied, which arise due to either inefiBciency (as in externality) or 

more likely to inequity in the resource distribution. 

2 .̂2. Problems at the CoUective Choice Level 

Problematic situations arise at the collective choice level as participants attempt to 

make rule changes at the (lower) operational choice level, within the constraints of 

collective choice rules which shape their behaviors. These rules can be analyzed using the 

same seven-part typology discussed earlier, but participants face different sets of problems 

fi-om those found at the operational choice level. Lord (1979) identified three types of 

problems, which participants may &ce ui their pursuit of consensus on solutions of 

operational choice level problems. 

2.3.2.1. Interest Conflict 

Economic and other impacts upon stakeholders are the cause of disagreement over 
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how the resource should be used and managed. This is interest conflict. The situation is 

usually characterized as a win-lose or a "zero-sum game", where gains to one party are at 

the expense of another. The mathematical theory of games and gaming is well suited for 

analysis of decision making involving interest conflict at this level. 

Cognitive Conflict 

If participants at the collective choice level, while attempting to prescribe rules 

changes for resource use and management, disagree over the "&cts of the case", then they 

are experiencing a cognitive conflict. These conflicts are complicating features of the 

natural resource problems, simply because each side has the tendency to adopt 

explanations consistent with their own preferences and their self interest. They usually 

arise due to the lack of complete and accurate information about the complex situations 

characterizing natural resource problems. 

2.3.23. Value Conflict 

The lack of common values among participants at the collective choice level gives 

rise to value conflicts. Participants are fimdamentally divided by disagreement over what is 

"morally" right and wrong, from the perspective of each participant. In the natural 

resources use and management the disagreement, for example, is usually over the value of 

protecting endangered species or unique natural ecosystem in general, and is not over the 

economic productivity of the resource. 

2.3.2.4. Exclusion Conflict 

Russell (1982) identified another type of conflict at the collective choice level. 
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which arises when institutions create a conflict by excluding legitimately interested parties 

from collective decision making. This problem is more commonly known as political 

externality. 

2.4. Natural Resources Problem Solving Approaches 

As indicated thus &r, natural resource problems can be solved by manipulating 

aspects of either the enviroimient or the behaviors of the resource users, or both (Figure 2-

1). Manipulating the buih environment (i.e. through dams to augment water or aqueduct 

to import water) is likely to be less difficult and less uncertain than attempts to manipulate 

behaviors. Behaviors of resource users are usually manipulated through changes in rule 

sets, which shape those behaviors. This manipulation is, in turn, a necessary means for 

manipulating the arti&cts which make up the built environment, upon which resource use 

depends. Regulations, market prices, taxes and subsidies are few examples of rules 

adopted to manipulate behaviors in order to solve natural resource problems. Institutions, 

or rules sets, therefore, are the elements open for change through collective action, which 

provide the means to solve, directly or indirectly, natural resource problems. 

2.4.1. Approaches in General 

Two general approaches are available for conducting problem-solving activities at 

the collective choice level. These approaches can be termed compulsory and non-

compulsory, or voluntary, approaches. 

Decision making at the collective choice level can be compulsory (authoritarian) or 

non-compulsory (collaborative). In the extreme, the aggregation rule under the 
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authoritarian mode is simple. It is characterized by a single decision maker, with other 

actors having significant responsibilities and rights such as providing information and 

appealing decisions to higher level. At the other extreme, market institutions exemplify 

individual decision-making at the coUective choice level, in collaborative decision making, 

where most (if not all) position holders participate in decision-making. Transforming 

preferences of each participant in the collective decision making process requires 

procedures and an aggregate rule for resolving differences among participants. 

2.4.1.1. Compalsive Approaches 

Compulsive approaches, known also as regulatory or command and control 

approaches, employ the police power of the state to permit or prohibit certain behaviors. 

All parties are expected to obey orders and disobedience is penalized. These approaches 

rely primarily upon authority rules to change operational choice level rules. For example, 

setting pollution control standards is a collective choice level activity, while meeting these 

standards (which are themselves the operational choice rules) is an operational choice 

activity. Crafting the operational choice rules is a responsibility of the collective choice 

level. The authority rule at the collective choice level dictates that public agencies are 

authorized to set operational choice level rules (e.g. administrative codes) and the actors 

at the operational choice level have the duty to obey these rules. 

Other rules under the compulsive approach are also important. For example, the 

position rule may include other important positions such as information disseminator 

(operational choice level positions), besides the prominent position of rule maker. The 
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simplest aggr^ation rule of this approach is characterized by the unilateral decision 

making mode of the regulator. 

One of the prominent advantages of compulsory approach is its mandate that all 

actors at the operation choice level must behave in manner consistent with society's best 

interest (exemplified by the rules to be ob^ed). The disadvantage, however, is 

disagreement and objection, which may lead to resentment and evasion of rule. 

2.4.1  ̂Non-compolsive Approaches 

Non-compulsive, or voluntary, approaches as the name nnplies, rely on incentives 

or rewards, rather than forbidding or compelling, certain behaviors. Actors in this system 

are firee to act as they wish, if they are willing to accept the consequences of their actions. 

The payoff rule in non-compulsory approaches, in contrast to the authority rule in 

the compulsive system, is used to create positive or negative incentives for stakeholders at 

the operational choice level, in order to encourage socially acceptable behaviors. 

Compliance with rules, which is rewarded but not mandatory, is usually more common. 

Market-based measures, once established, are the most common and acceptable voluntary 

approach. Besides the dif5culty^ to initiate them, sometimes they are controversial, because 

of the assignment of property rights, which must be achieved before the market can 

function and bargaining can take place. 

Other collective choice rules, besides the payoff rule, are equally important. The 

information rule could be critical, since regulators want to disseminate information about 

setting rewards and monitor enforcement. Market measures rely on position rules (buyers 
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and sellers), along with the authority rules (establish the right to bargain and exchange), as 

well payoff rules. 

2.4 .̂ Approaches to Solving Operational Choice Level Problems 

The operational choice level rules can be targeted for specific changes to 

effectively resolve each of the four types of natural resource problems distinguished earlier 

as depletion, underinvestment, externality, and maldistribution. These changes can be 

achieved through different ways. 

2.4.2.1. Solving Depletion Problems 

Depletion problems result fi'om the absence, or the breakdown, of a management 

and authority system whose very purpose was to introduce and enforce a set of norms of 

behavior among resource users to restrict access to the resource through well defined and 

possibly transferable property rights (Bromley, 1991). The open access state is sometimes 

due to the natural characteristics of the resource itself as in the case of fugitive resources, 

which make it all but impossible to prevent anyone fi'om using it. Absent any restriction to 

entry, each user will continue to increase use of the resource to the point where cost 

equals or exceeds benefits. This behavior leads to a situation characterized as the "tragedy 

of the commons" (Hardin, 1968), resulting in early depletion in the case of stock resource 

and depletion or extinction in the case of flow resource. 

The distinctive characteristics of open access problems are the absence of 

restriction to enter the position of resource user, namely, the boundary rules. In addition 

to the lack of any authority rules that insures that a particular property regime and use 
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limhation, which provide mechanisms for sustainable resource use. The absence of or 

collapse of these two rules, taken together, lead to treating the resource as open access 

and subsequent depletion. Resolution of depletion problem lies in changes to operational 

choice level rules to achieve two objectives; restrict entry to resource use position through 

changes in boundary rules and restrict the rate of resource use by all users (position 

holders) to a socially desirable level (i e. sustainable yield) through changes in authority 

rules. 

2.4.2 .̂ Solving Public Goods Problem 

The non-exclusiveness character of public goods implies the absence of any 

restrictions, or lack of boundary rules, on entry to resource use position, while the non-

rivalry in consumption character implies that the payoff rule, which states that the marginal 

cost of an additional user is zero. These unique characteristics of public goods are 

primarily responsible the problem of underinvestment. Absent any market signals to reflect 

different levels of investment, and due to high cost of providing and maintaining the 

resource, public provision of these resources become problematic, which subsequently 

lead to underinvestment and eventually underprovision of these goods. 

Since it is undesirable to exclude entry to the resource user position, the solution 

lies in the adoption of new information rules, to reflect the full extent of total economic 

values or benefits generated by all types (use values, option value, bequest and existence 

values). The inclusion of these types of values will facilitate adequate investment in the 

provision of public goods. 
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2.4^3. Solving Externality Probienis 

Externality problems are characterized by the absence of a position for externality 

bearers, and the lack of duty of resource users (externality generators) to not harm others 

by their action. These deficiencies in position and authority rules result m external costs in 

excess of benefits generated by the resource use. Eliminating externalities may require 

internalizing the external costs generated by externality generators (Nfisham, 1971), which 

caimot be achieved without institutions capable of creating incentives and or penalties for 

internalizing their social cost. The solution lies in adoption or modification of positions 

rules to externality bearers so they can be part of the resource use decision making at the 

operational choice level. In addition, to changes in authority rules to give these victims the 

right to be fi'ee of harm (socially undesirable costs) and impose a duty on externality 

generators to consider harm on others in their resource use decision making criteria, and 

thereby avoid generating such externalities. 

2.4.2.4. Solving Maldistribution Problems 

Maldistribution is commonly described as scarcity and closely related to 

externality, which is considered as a sub-set of maldistribution problems (Schmid, 1987). 

Prospective resource users suffer fi'om restrictive boundary rules, which prohibit them 

fi'om holding resource users positions, and fi'om authority rules, which deprive them of 

any power to influence the resource management decisions to their benefits. 

Similar to externality problems, solving maldistribution problems require changes 

in position and authority rules. Boundary rules will allow more users to hold resource use 
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positions and authority rules will give them the power to influence resource use decisions, 

both of which as a result can lead to better distribution and use of the resource. 

2.43. Approaches to Solving CoUcctive Choice Level Problems 

The four problems identified on the collective choice level are: interest, cognitive 

vahie and exclusion conflicts. Problematic situations arise at this level as participants strive 

to adopt or change operational choice level ruTes. In order for participants to resolve these 

problems, they must find shared higher values, which override the values in conflict 

(otherwise the conflict must be resolved at higher level). Since actions of participants are 

subject to rules, their problems can be analyzed using the seven part typology. 

2.43.1. Interest Conflict 

This conflict arises as a resuh of competitive behavior to control use or benefits 

generated by limited resources by different parties. A solution of this conflict usually 

requires converting the zero sum game into a positive sum game through changes in 

position, authority, aggregation, and especially information rules. A new information rule 

is required to generate new options with a positive sum attributes, and also a new 

authority rule to facilitate bargaining among the competing participants to resolve the 

conflict. If bargaining &ils to achieve a resolution, then the conflict will need to be 

considered at the higher constitutional choice level. 

2.43.2. Cognitive Conflict 

Cognitive conflict arises over disagreement about the "fiicts of the case", since no 

one has complete and perfect information about the problem in question. Resolution of 
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this conflict requires an improvement on the quality and quantity of information to 

produce acceptable and credible information acceptable by all participants. This can be 

achieved through adoption of new information rules to not only produce such information, 

but also to determine how it will produced, shared and by whom. 

2.43.3. Value Conflict 

Value conflict differs from the previous two conflicts, in the sense that differences 

among parties are non-compensatory, and therefore, resolution through bargaining is 

impossible. Differences are not over the facts, but rather how &cts are valued. These 

conflicts are intractable at the collective choice level and must be resolved at the higher 

constitutional choice level. 

2.4.3.4. Exclusion Conflict 

An exclusion conflict is one in which interested parties are excluded from 

collective decision making. Resolution of this conflict relies on new position and/or 

boundary rules to bring all relevant parties into the collective decision making (give seats 

on the bargaining table to these parties) and new authority rules to facilitate inclusion of 

these parties bargaining. These conflicts are more often resolved at the higher 

constitutional choice level'. 

' Courts have taken many cases involving environmentalist challenging decisions 
made by government agencies, as in 1972 Sierra Club v. Morton (405 U.S. 727). 
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CHAPTER3 

THE NATURAL ENVIRONMENT IN SIERRA VISTA SUBBASIN 

As stated in Chapter Two, the IAD fiamework places human decision making and 

action within an "action situation". The action atuation at the resource use level in the 

subbasin includes three components (Figure 3-1). First, the set of actors or stakeholders 

Ondividuals or groups) using the water or natural resources, which will be identified as 

position holders as part of the characterization of existing institutions in Chapter Four. 

Second, the decision making environment, which represent the set of rules or institutions 

that determine and sh^e behaviors of water and natural resources users (described in 

Ch£^ter Four). Third, the physical or natural and man-made environment, which is 

described in two parts, a model of watershed and a model of hydrology of the subbasin. 

3.1. Model of Watershed of Sierra Vista Subbasin 

3.1.1. History of the Upper San Pedro Valley 

The San Pedro Vall^ has been uihabited by different civilizations for more than 

12,000 years. When the Spanish and Apaches arrived in the sixteenth century the area was 

occupied by the Sobaipuri. By the early eighteenth century Apaches controlled land and 

water use in the basin, and white settlers moved in shortly thereafter. Increased settlement 

in the area brought extensive ranching and mining activities in the second half of the 

nineteenth century. Fort Huchuca, which is one of the oldest active army bases in the 

Southwest, was established in1877 to protect settlers in the area. Permanent settlement 
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Figure 3-1. Components of Action Situation in the Sierra Vista Subbasin. 



53 

around the Fort eventually gave birth to the town of Fry, which was later incorporated in 

1956 as the City of Sierra \Tsta (Telhnan et al., 1997). 

3.1.2. Topography and Climate of the USPRB 

The Upper San Pedro River Basin consists of Sierra Vista and Benson subbasins 

and drains about 2500 square miles, 700 of which are in Northern Sonora, Mexico 

(Putman et al., 1988). The Huachuca, Mustang, Whetstone and Rincon Mountains border 

the basin on the west, while, the Mule, Dragoon, Little Dragoon, and Winchester 

Mountains border it on the east. All range in elevation from 4,500 to 9,500 feet above 

mean sea level. The basin fill slopes gently from south to north, resulting in a northward 

river flow direction, with an average floodplain gradient of 12 to 15 feet per mile 

(Freethey, 1982). Elevations along the river range from about 4,200 feet at the 

international border to about 3,300 feet north of Benson. The high elevations of the basin 

are cooler and moist, while the vall^ floor is warmer and drier. The mean temperature is 

moderately warm, with an average daily maximum in the Fort Huachuca area of 75 "F, 

and average daily minimum of 50 °F. Mean annual precipitation exceeds 30 inches on the 

Huachuca Mountains and 25 inches on the Rincon and Santa Catalina Mountains, much of 

which is in the form of snow during the winter months. The valley floor receives less than 

12 inches of precipitation per year. 

3.1.3. Vegetation 

As late as 100 years ago, the San Pedro River was unincised and marshy 



throughout most of its length, with an abundance of beaver dams. Cienega areas'" with 

boggy banks covered about half the length of the river. Cottonwood and willow trees 

grew m the cienega reaches as well as in intervening reaches. A series of very large and 

devastating floods around the turn of this centuiy devegetated the landscape of the area 

and led to widespread loss of marshlands in the inner valley of the basin (Hendrickson, 

1984). Vast areas of the floodplain were cleared for agricultural activities over the years, 

however, the nuyority of agricultural land in the floodplain was retired upon acquisition by 

the U.S. Government and the designation of San Pedro Riparian National Conservation 

Area in the 1988. Cattle grazing was rampant in the area, but a temporary ban ceased all 

grazing activities shortly after designation. Incision resulted in declines of the groundwater 

table, drying of marshes and cienegas, and reduction in riparian vegetation. 

Today, there is more than twenty different biotic communities in the Sierra Vista 

subbasin, which vary widely fi'om subalpine and montane forests in the higher elevations to 

chaparral and evergreen woodlands at the lower elevations (Brown, 1994). Above about 

6,500 feet elevation, coniferous forests primarily consist of ponderosa pine and douglas-fir 

stands. Between 4,500 and 6,500 feet woodland vegetation including oaks, junipers, and 

pinyon pine are found. Between 3,500 and 5,000 feet along the slopes of the basin fill. 

Important ecosystems in the western United States, which often occur in 
headwater situations where water rises to the sur&ce in multiple sites, resulting in a unique 
type of well-watered flat or valley. These wetlands are characterized by permanently 
saturated, highly organic, reducing soils and are dominated by sedges. The acreage of 
cienegas was reduced sharply during the last century (Hendrickson and Minckley, 1984). 
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vegetation consist of semi-desert grassland species of grasses including grammas and 

threeawns. Below 3,500 feet elevation, the vegetation is classified as desert. 

A riparian" corridor occupies the floodplain along the perennial stream channels, 

which are more diverse in both flora and fauna than the surrounding drier regions, and 

which are dependent upon streamflow and the floodplain groundwater aquifer. The 

corridor supports two of the most important biotic conmiunities which are considered 

endangered (CEC, 1998). First, cottonwood and willow forests, which are associated with 

shallow groundwater have undergone extensive loss and or replacement by exotic species 

such as salt cedar in the past few decades. Cottonwood and willow today form the "heart" 

of the existing riparian ecosystem on the lower floodplain of the river within the Sierra 

Vista subbasin, and are the reflections of the conditions of the past decades. They were 

established after the late 1930s in response to several flood events during the 1930s and 

1960s (Hereford, 1993). However, they are interspersed by extensive stands of riparian 

scrub, and only in few places form wide continuous forest stands, which may indicate that 

their potential coverage within the floodplain has been reduced by past conditions 

(ADWR, 1994). Second, cienegas (riverine marshlands), which historically covered about 

half of the length of the river and were maintained by groundwater discharge and by 

beaver impoundments, have declined substantially (Hendrickson and NGnckley, 1984). The 

" BLM and the Society of Range Management defined riparian area as '*a distinct 
ecological site in which soil moisture is in excess of that otherwise available locally, due to 
flow or subsurface seepage, which results in a soil-vegetation complex that depicts the 
influence of that extra soil moisture" (Anderson, 1987). 
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loss of cienegas is evident on portions of the river (ADWR, 1994). Cienegas are very 

sensitive to water table changes, and their maintenance requires high water tables in the 

floodplain aquifer. Exotic species such as saltcedar have started to invade riparian reaches, 

especially at the northern end of San Pedro Riparian National Conservation Area (Jackson 

et al., 1987; Stromberg et al., 1991; Stromberg et al., 1993). 

3.1.4. WadUfe 

The riparian corridor supports a wide variety of animal species; 47 species of 

amphibians and reptiles, 52 species of mammals and nearly 390 species of birds, of which 

at least 45 are considered riparian obligates (Jackson et al., 1987). Each riparian 

vegetation type harbors different species. Most species are exclusively dependent on the 

open water and the neighboring riparian vegetation for roosting, nesting, breeding and 

feeding. For example, many birds, including yellow-billed cuckoo, yellow warbler, gray 

hawk, southwestern willow flycatcher and Wilson's warbler, depend on cottonwood and 

willow forests for their dense canopy, structural diversity, and rich insect life as a food 

source. Also, ciengas and the open water provide habitat for many bird species, including 

the green kingfish. Subsequently, the CEC recognized the San Pedro River riparian 

corridor in 1996 as an "Important Bird Area" of concern to the countries signatory to 

NAFTA. The corridor is critical for millions of migratory birds that winter south in 

Mexico and nest and breed north in the U.S. and Canada during the summer months. 

Maintaining the necessary habitat for birds requires the maintenance of instream flow of 

the river at all times, even during prolonged periods of drought (CEC, 1998). 



SPRNCA supports about 47 species of amphibians and reptiles (especially in 

cienegas), 8 of which are entirely dependent upon the immediate riparian habitat. 

Amphibians rely on sur&ce water for survival, while reptiles are not directly dependent on 

it. Approximately 52 mammals have been found along the riparian corridor, although most 

of them have widespread habitats outside SPRNCA. The river has bistorically supported 

most of the 18 species of fish known fi'om the Gila River system, 8 of which are remnant 

populations in the drainage as a whole, and two persist in the river mainstem (Jackson et 

al., 1987). 

3.1.5. Water Resources in Sierra Vista Subbasin 

3.1.5.1 Surface Water Resources 

The SPR originates in Cananea, Sonora, Mexico, about 30 mile south of the 

international border, enters the United States near Palominas, Arizona and flows north for 

125 miles to its confluence with the Gila River near Winkelman, Arizona. The river is 

perennial for 36 of its 62 river miles within the USPRB and is intermittent through the 

remainder. The perennial reach extends fi'om near Hereford in the south to the diversion 

dam operated by the St. David Irrigation District, about 5 miles south of St. David. Most 

of the perennial reach is inside the SPRNCA. 

The Babocomari River is the only m '̂or tributary in the SVS, but there are other 

tributaries that contribute significant runoff to the SPR. Most other reaches flow 

seasonally in response to rainfall runoff and water use variables (Putman et al., 1988). The 

Babocomari River is the only tributary of the San Pedro River with perennial flows. 
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conasdng of two pereimiai reaches, approximately 12 miles long. This river, however, is 

ephemeral at its confluence with the SPR. Other tributary streams are ephemeral in nature 

and flow only in response to rain^ events (ADWR, 1991). 

The annual discharge of the river varies widely and erratically from one year to 

another. The average annual discharge for the period between 1969 and 1976 measured at 

both Palominas and Charleston gauging stations was 17,000 acre-feet and 28,000 acre 

feet, respectively. Annual minimum flows occur during the drier parts of the year, from 

late M through late spring, while annual maximum flows occur in the summer, as a result 

of summer thunderstorm activity (ADWR, 1991). 

3.1.5  ̂Groundwater Resources 

Groundwater storage occurs in two aquifers that are hydrologically interactive, the 

floodplain and the regional aquifers (discussed in detail in the next section of this Chapter). 

The ground waters in these aquifers occur as one continuum in strata of different hydraulic 

conductivity. Beneath and on both sides of the SPR is a long, narrow, and shallow 

floodplain aquifer. It acts as one of the main conduits of interaction between the regional 

aquifer and the stream itself. The floodplain aquifer recharges by infiltration of streamflow, 

lateral and vertical flows from underlying deep aquifer, deep percolation from agricultural 

areas overlying the aquifer^% underflow from the watershed in Mexico, and infiltration of 

storm nmoflF. The floodplain aquifer stores water which is necessary for phreatophytes 

'̂ The overwhelming majority of irrigated land in this area has been retired upon 
acquisition by BLM and Nature Conservancy in 1988. 
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within the riparian forest of the inner vall^ (ADWR, 1991). Floodflows recharge the 

aquifer, often to capacity each winter and summer. Since its water levels fluctuate rapidly, 

groundwater pumpage from this aquifer directly impacts the stream flow of SPR and 

health of the riparian forest. 

3.1.6. Water Use 

3.1.6.1. Cultural Water Uses 

Since the 1940's the Sierra Vista subbasin has experienced a dramatic population 

growth, with a population in excess of 55,000 within a ten mile radius from the city of 

Sierra Vista (Sierra Vista Department of Development Services, 1997). To keep up with 

the increased demand for water, groundwater withdrawal increased from about 2,750 acre 

feet per year in the 1940s to about 9,900 acre feet in 1990. Major water users in the basin 

are the City of Sierra Vista, Fort Huachuca and agricultural irrigation (Table 3-1). 

Table 3-1. Consumptive Groundwater Uses in Sierra Vista Subbasin (Acre-Feet) 

Type of Use \ Year 1990 2000 2030 

Fort Huachuca (Municipal) 2,000 2,300 2,300 

City of Sierra Vista (Municipal & Industrial) 4,100 5,000 9,000 

Domestic (Rest of the Subbasin) 1,000 1,000 2,300 

Irrigation 2,800 1,100 1,100 

Total Groundwater Withdrawal 9,900 9,400 14,700 
Source: Adapted from (CEC, 1998). 
Consumptive use (withdrawals - recharge) projections are based on population growth 
from 51,400 in 1990 to 73,900 in 2030 (CoreU et al., 1996). 
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The total consumptive water use in the 1990 was 9,900 acre-feet (CEC, 1998). With the 

retirement of most agricultural activities by BLM and the Arizona Nature Conservancy, 

currendy irrigation activities are mosdy limited to Palominas-Hereford area in the southern 

part of the basin. Agricultural water use was estimated at 2,800 acre-feet in 1990 (Table 

3-1), most of which is pumped from the shallow floodplain aquifer along the SPR 

(ADWR, 1991). 

3.1.6.2. Natural Water Uses 

Phreatophytes'̂ , plant species which tap local groundwater supplies in the 

floodplain alluvium, account for the bulk of natural water consumption in the subbasin. 

Phreatophytes found in the riparian forest of the subbasin include mesquite, willow, 

tamarisk, sycamore, and cottonwood. Water consumption of phreatophytes can be very 

great, depending upon plant species, climatic conditions, availability of groundwater, and 

the areal extent and density of the vegetation (Horton et al., 1974). The water used by the 

phreatophytes is replaced by increased infiltration of stream flows of the SPR, which 

means a dense stands of phreatophytes could de-water stream flow by inducing the flow of 

water in the stream toward the root zone of phreatophytes (Figure 3-2). 

'̂ Means "well plant" in Greek. Phreatophytes are trees, shrubs and grasses that can 
tap the water table and transpire large amounts of water. Most phreatophytes are deep-
rooted, woody perennials with roots ^sterns that can extend to shallow water tables. 
Native phreatophyte species include cottonwood, mesquite, and Avillow, which can lose up 
to 3,350 cubic feet of water per acre per year by evapotranspiration depending upon the 
individual species and depth to groundwater table (Horton and Campbell, 1974). 
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Figure 3-2. Potential Effects ofPhreatophytes on Groundwater Table of the 
Floodplain and on the Streamflow of the San Pedro River (note that each 
phreatophytes behaves as a well which lowers groundwater table and results in capture 
of the river's streamflow). 
Source: Adapted from ADWR (1991). 
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ADWR (1991) estimated evapotranspiration loses from phreatophytes and 

evaporation from bare soil within the vegetative zones in the subbasin at 14,450 acre feet 

per year. CEC (1998), however, estimated groundwater loses due to evapotranspiration 

from phreatophytes to be only 7,900 acre-feet per year (Table 3-2). Other natural water 

uses in the basin inchide the groundwater discharged from the deep aquifer (due to either a 

direct discharge to stream or due to geological restrictions forcing groundwater to the 

sur&ce as descnbed above ) to the river, and underground seepage from the deep aquifer 

beneath the subbasin to Benson subbasin (Table 3-2). 

Table 3-2. Natural Groundwater Discharge in Sierra Vista Subbasin (Acre-Feet). 

Type of Use \ Year 1940 1990 2000 2030 

Aquifer Outflow at Fairbanks 440 440 440 440 

Evapotranspiration from Phreatophytes 7,900 7,900 7,900 7,900 

Base Flow Discharge 9,530 9,530 9,530 9,530 

Total Natural Groundwater Discharge 17,870 17,870 17.870 17,870 
Source: Adapted from CEC (1998). 
Note: values represent natural groundwater uses from the deep aquifer. 

3.1.7. Impact of Groundwater Pumping on the Riparian Ecosystem 

Prior to launching a legislative reform aimed at protecting riparian ecosystems 

throughout the state, ADWR in 1994 submitted a report to the Governor and the Arizona 

Legislature documenting impacts of increased demand for both ground and surface water 

supplies on riparian ecosystems in the state (ADWR, 1994). The Upper San Pedro River 
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Basin was chosen as a case study for the report, which modeled the hydrology and 

ecology of the basin. The ecological model is based on quantified relationships between 

plant distribution and depth to groundwater of the riparian corridor along the SPRNC A. 

The study found that the impact of groundwater withdrawal fi'om the floodplain aquifer 

was more immediate and direct than withdrawal from the deep aquifer, but the areal extent 

was much larger and the time required to achieve a large draw-down was longer when 

withdrawal was from the deep aquifer (ADWR, 1994). The study also found a 

proportional relationship between distance of wells (pumping from the deep aquifer) from 

the floodplain aquifer and the reduction of marsh vegetation of the riparian forest. As the 

distance from the floodplain aquifer to weUs withdrawing from the deep aquifer increases, 

the less apparent the efiect on the floodplain aquifer. For instance, wells located four miles 

west of the floodplain aquifer would cause a 13 percent reduction in marsh vegetation 

after 10 years and would cause a 25 percent reduction after 20 years. In contrast, wells 

located about two miles from the floodplain aquifer would have a major effects after only 

10 years. A decline of groundwater level in the floodplain aquifer of 6 feet or more would 

reduce the abundance of riparian scrub (facultative riparian shrubs such as rabbit-brush), 

which are the natural component of riparian mosaic. A severe decline below 16 feet would 

cause giant sacaton grasslands to lose ground for the shorter alkali sacaton and may give 

way to mesquite. Even the mesquite, although tolerant to wide range in depth to water, 

would suffer continuous declines in canopy height and canopy foliage area as depths to 

groundwater increase (Stromberg et al., 1993). 
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3.1.7.1. Loss of Wetland Plant Species 

The ADWR (1994) study also found that the groundwater table decline is 

associated with a sequential loss of sensitive wetland plant species. The decline is also 

directly linked to changes in species composition from obligate wetland plants to more and 

more facultative riparian plants and uhimately upland plants.'̂  Table (3-3) shows the 

impact of groundwater decline within the fioodplain alluvium on species composition. The 

loss of wetland species is already ^)parent in parts of the SPRNCA, especialfy where 

groundwater tables experience seasonal groimdwater declines between 3 to 6 feet. For 

instance, the shallow groundwater tables at Hereford and Moson Springs, which 

experienced a l.S feet decline since 1987, support several obligate wetland plants. In the 

area of Palominas, where the groundwater table experienced moderate seasonal decline of 

about 3 feet since 1987, the wetland supports only facultative plants and no obligate 

wetland species are found. In the area between Tombstone and Benson (also called 

Contention), where groundwater table experienced a 6 feet decline since 1987, the impact 

is the largest with a major loss of both obligate facultative wetland plants. 

Obligate as in "obligate riparian species" is a wetland plant species restricted to 
a particular set of conditions, and it requires those conditions for its very existence-
Facultative as in "facultative riparian species" is a wetland plant species that is able to 
survive under more than one set of conditions, or has characteristics that permit alternate 
responses under different conditions (ADWR, 1994). 
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Area Groundwater Decline' 
(feet) 

Loss of Wetland Species 

Hereford and Meson 
Springs 

1.5 None 

Palominas 3 Facultative replaced 
Obligate 

Between Tombstone & 
Benson 

6 Both Obligate & 
Facultative 

Source: Ad^ted jfrom ADWR (1994). 
'Decline is measured between 1987 and 1992. 

3.1.7.2. Changes in Vegetation Structure and Plant Density 

Seedlings of riparian species (both obligate and &cultative trees and shrubs) are 

sensitive to groundwater decline and require conditions for germination different than 

those which mature species can tolerate. Therefore groundwater decline results in reduced 

seedling establishment and subsequently a loss of population age class diversity (ADWR, 

1994). For example, Cottonwood and willow seedlings could be entirely lost if 

groundwater declines by 6 feet. 

Successful establishment of cottonwood and willow species depends upon a 

number of conditions. Flood peaks deposit new sediment which creates seed beds for 

seedlings in the floodplain alluvium. They also moisten the alluvium and stimulates 

germination. A shallow groundwater table, between 1.5 to 3 feet, is essential for survival 

of the seedlings in their first year of life (Stromberg et al., 1991; Stromberg et al., 1993). 

The river's reach between Tombstone and Benson is already showing lack of any recent 
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cottonwood and wiflow establishment (ADWR, 1994). 

Mature cottonwood and willow trees require groimdwater within 10 feet of the 

surface. A 10 foot decline, which implies depth to groundwater below the cottonwood and 

willow trees of 13 to 23 feet, will result in a loss of vigor, decline in tree density, loss of 

canopy foliage, and even tree death. Reduction or loss of cottonwood and willow trees 

from the riparian zone could disrupt such natural processes as soil development, terrace 

building, succession, and understory species establishment (ADWR, 1994). 

Although mature cottonwood and willow trees might survive a slight groundwater 

decline, such a decline will reduce the frequency of establishment and the future 

generation of new trees. The groundwater decline initially results in decrease of age 

structure diversity for these species, leading to the loss of the species from groundwater 

depressed portions of the floodplain as the last remaining adults struggle to live between 

80 to 130 years (ADWR, 1994). 

3.1.7.3. Increase in Exotic Species 

Another consequence of lowered water tables is increased invasion of saltcedar, 

which grows in its native land on mid to high floodplain terraces and tolerates deeper 

water tables and more severe drought, as juveniles and adults, than cottonwood and 

willow and flood-tolerant pioneer species (ADWR, 1994). The study documents that 

saltcedar is beginning to invade hydrologically losing reaches at the northern end of 

SPRNCA between Tombstone and Benson, where flows are intermittent and water table 

shows relatively high seasonal declines. The saltcedar plants in this area are relatively 
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young and occupying areas of the floodplain that would have typically been occupied by 

Cottonwood (Jackson et al., 1987; ADWR, 1994). Should groundwater continue to 

decline throughout SPRNCA, sahcedar would more likely to invade the lower floodplain 

of much of Sierra Vista subbasin and replace one of the last strongholds of cottonwood 

and willow forest in the r^on. 

3.1.8. Significance of SPRNCA Wetland as Wfldlife EUbitat 

Cienegas provide critical habitat to mai^ animal species. In summer, bird densities 

in denega habitat and cottonwood and willow forests are 3 to 5 times their density in the 

surrounding uplands (Krueper and Corman, 1988). In winter, bird densities in the cienega 

are higher than in the riparian forest, although species richness is lower. Cottonwood and 

willow are structural dominants that influence many eco^stem processes as well as 

riparian fimctions and values. SPRNCA is a well known birding spot largely because of 

the cottonwood and willow forest, which support the highest densities of breeding birds of 

any vegetation type in Arizona, as well as in much of the Unhed States (Ohmart et al., 

1988). Many of these bird species are obligate (survive no where else but in cottonwood 

and willow forest). Cottonwood and willow forest also provide critical habitat for several 

species of Raptores, such as common black hawk and gray hawk. Others are rare or 

threatened neotropical migrant species. The upper canopy provides dwellings for certain 

birds, such as summer tanagers and yellow-billed cuckoos, which depend upon tall and 

mature cottonwood and willow forests for foraging and nesting. Certain birds, such as 

Gila woodpecker, Lucy's warbler, and elf owls use dead "snags" and cavities in old 
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Cottonwood trees as nest sites, while other such as the southwest willow fiycatcher^^ 

depend on the presence of willow groves. 

The reduction or loss of cottonwood and willow forests would have adverse 

effects on the abundance and diversity of birds and mammals, as well as on the aesthetic 

cpiality and recreational value of the SPRNCA. A loss of age class diversity of cottonwood 

and willow forests would impact species that use particular height strata within the 

canopy, while reduction in stand density would impact species that depend on stands with 

specific foliage density. Loss of willow trees, which are more sensitive to groundwater 

decline than cottonwood, would impact rare species such as the endangered southwest 

willow flycatcher. 

The impact fi'om conversion of native cottonwood and willow forests to saltcedar 

is well documented. Saltcedar have low habitat value for most wildlife, because it has low 

plant species diversity, low canopy height, and supports few insect species, which form 

food base for many native riparian bird species. Loss of cottonwood and willow forests to 

saltcedar would increase fire fi'equenqr in the riparian zone, which would destroy riparian 

habitat and further increase saltcedar. The loss of diversity in understory plant species due 

to loss of cottonwood and willow forest would be the most devastating because the San 

Pedro River riparian corridor is recognized mostly for its regional biodiversity (Rosenberg 

The Southwest willow flycatcher has been listed by the U.S. Fish and Wildlife 
Service in 1997 as endangered (CEC, 1998). SPRNCA is part of the critical habitat 
designated for this species. 
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et al., 1991). Although riparian scrubs (fecuhative) provide habitat for plant and animal 

species that prefer open sites with coarse soils and less canopy development, th^ provide 

less wildlife habitat than riparian cottonwood and willow forests. Replacement of riparian 

forest by scrub would result in overall loss of ecosystem biodiversity. 

Sacaton grasslands, which historically were abundant on the floodplain of SPR, 

were cleared for agriculture. Today, they are making a strong comeback, and in some 

areas sacaton is reclaiming abandoned fields. Although these grasslands can survive some 

decline in groundwater levels, in the long run, they could be disrupted if groundwater 

declines adversely affect cottonwood establishment, which serve as a "nurse plant" for 

sacaton seedlings on yoimg floodplain where soils are poorly developed (ADWR, 1994). 

3.2. Model of Hydrology of Sierra Vista Sabbasin 

3.2.1. Introduction 

The previous section described watershed conditions in the subbasin. In this 

section the groundwater hydrology will be described along with the human and natural 

impacts on the basin's groundwater hydrologic system. The subbasin valley floor, which 

consists of an older alluvial deposit and a younger one along the stream channel, is 

underiain by consolidated rock and is separates the mountains on both sides of the valley 

(ADWR, 1991). The two primary sources of groundwater in the Upper San Pedro River 

Basin are the regional aquifer (older alluvial or basin fill) and the floodplain aqui&r 

(younger alluvial or basin fill) (Figure 3-3). The overwhelming majority of groundwater 
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Figure 3-3 . Sources of Groundwater and Cross Section of the Upper San Pedro River 

Valley. 
Source: Adapted from ADWR (1991). 
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pumping in the subbasin occurs in the regional aquifer, wiule the floodplain aquifer 

provides most of the groundwater for natural water uses of the riparian area within the 

inner vallQr. 

When groundwater is withdrawn from an aquifer by a well at a rate exceeding the 

rate of groundwater flow toward the well, a single and local cone of depression is formed 

due to lowered and sloped groundwater table. However, the impacts of many wells 

withdrawing groundwater from the aquii^ over larger area is much greater and produces 

a r^onal cone of depression (Figure 3-4). Excessive groundwater withdrawal 

(withdrawal at rate higher than that of recharge) in the Sierra Vista-Fort Huachuca area 

since the 1940's has created a regional cone of depression with water level declines 

between 20 to 90 feet, trending northwest to southwest, paralleling the Huachuca 

Mountains (Corell et al., 1996). The pumping center in the area is capturing water that 

would have moved and reached the river in pre-development conditions. This condition is 

having an adverse impact on the stream flow of the river, leading to diminished baseflow 

between 30 to 60 percent since the 1940's (Corell, et al., 1996; Sharma et al., 1997). 

3.2.2. Water Resources of Sierra Vista Sob-basin 

3.2.2.1. Surface Water Resources 

The perennial reach of the river extends from near Hereford in the south to the 

diversion dam operated by the St. David Irrigation District, about S miles south of St. 

David. The aimual discharge of the river is highly variable from year to year, with an 
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average annual discharge for the period between 1969 and 1976, measured at both 

Palominas and Charleston gauging stations, of 17,000 acre-feet and 28,000 acre feet, 

respectively. Annual minimum flows occur during the drier parts of the year, from late fall 

through late spring, while annual maximum flows occur in the summer, as a result of 

summer thunderstorm activity (ADWR, 1991). 

Perennial stream flow consists of two components, runoff and baseflow. Runoff is 

a result of precipitation within the watershed and snowmelt from the surrounding 

mountains. Baseflow is a sustained low flow resulting from groundwater discharge to the 

stream through two ways. First, through direct discharge from the floodplain alluvium to 

the river. This is due to the high groundwater gradient which permits the flow of 

groundwater from surrounding alluvium to the river, which is the case between Hereford 

to south of Charleston, where. Second, the baseflow is also due to the presence of 

geological restrictions which force groundwater to the surface of the stream channel 

where it appears as streamflow, which is the case near the Charieston Hills from just north 

of Hereford to the point of diversion of St David Irrigation District (Putman et al., 1988). 

Perennial flows of the SPR fluctuate in lengths from year to year and even from season to 

season depending on the climatic conditions. 

Seepage studies within the subbasin indicated that the river loses streamflow from 

the International Border to Palominas at a rate of 1.7 cubic feet per second (cfs), gains 

streamflow fi^m Palominas to Charleston at a rate of 8.5 cfs, and then loses streamflow 

again from Charleston to the mouth of the Babocomari River near Fairbank at a rate of 0.4 
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cfs (Freethey, 1982). The hydraulic connection between the deep regional aquifer and the 

river ensures that water is being dischaiged from the deep aquifer to the stream within the 

perennial reaches of the river. This discharge, which is the result of mountain front 

recharge that has injSltrated into the aquifer, provides most of the baseflow of the river 

within the subbasin (ADWR, 1991). The discharge is due to either gaining stream 

conditions, in which groundwater table is above the water surface of the stream, or due to 

the presence of geological restrictions forcing water to the sur&ce of the river channel, 

where it appears as streamflow. Groundwater pumping from the floodplain aquifer 

undedying the river has a direct impact on streamflow, because it generally causes sur&ce 

water to infiltrate and move toward the well's cone of depression (Figure 3-S). 

3.2.2.2. Floodplain Groundwater Aquifer 

The floodplain aquifer is narrow, shallow and extends beneath, along and on both 

sides of the SPR. The aquifer is limited in area and thickness, with an estimated storage 

within the subbasin of 160,000 acre feet, is based on estimated saturated alluvium 

thickness of 60 feet and a specific yield of 0.12 percent (ADWR, 1991). The aquifer is 

recharged by different sources: infiltration of sur&ce water of the river, lateral and vertical 

flows from underlying regional aquifer, underflow from Mracan portion of the watershed, 

deep percolation from agricultural areas (majority of which have been retired during the 

1980s), and floodflows during winter and sununer (which often fill the available storage of 

the aquifer to capacity (Putman et al., 1988). 
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Groundwater in both floodplain and regional aquifers and sur&ce water in the 

basin-occur as a continuum in strata of different I^draulic conductivity. The floodplain 

aquifer acts as one of the main conduits for interaction between sur&ce water flow and the 

regional groundwater aquifer in the subbasin. The aquifer is also the primary source of 

water for phreatophytes within the riparian zone of the inner vaUey (ADWR, 1991). 

Groundwater levels in this aquifer fluctuate rapidly in response to changes in the stage of 

the river and to natural and cultural water uses. However the fluctuation is rarely more 

than a few feet below riverbed. During high flow periods, the stream recharges the aquifer, 

but during low flow the aquifer discharges water to the river, thereby maintaining the 

baseflow of the river. However, due to permeability of the floodplain sediments, the high 

flow rapidly dissipates and the river returns to baseflow, usually within few days (Jackson 

et al., 1987). Therefore, due to the close proximity and the continued interaction between 

ground and sur&ce waters, the groundwater level in this aquifer has a large impact on the 

amount of surface water flow in the river, and any groundwater pumping in this aquifer 

has an immediate and direct impact upon streamflow of the river, as sur&ce water 

infiltrate into the aquifer and flows in the direction of the localized cone of depression of 

the well (Figure 3-4). 

3.2.2.3. Regional Groundwater Aquifer 

The regional aquifer is the primary source of water in the subbasin and the single 

largest source of groundwater in the basin. It receives water fi'om mountain fi'ont recharge 
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Figure 3-6. Indirect Interference of Pumping in Regional Aquifer with Streamflow of 
San Pedro River (note how groundwater well indirectly captures water from the river 
by changing the direction of groundwater flow) . 
Source: Adapted from ADWR (1991). 
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and from stream channel infiltration, which first recharges the floodplain aquifer then 

percolates deeper to the regional aquifer (Corell et al., 1996). The estimated total 

recoverable water in the storage of this aquifer is approximately 31.8 million acre feet, 

based on depth of 1,200 feet, saturated aquifer thickness of800 feet, and an estimated 

specific yield of 0.08 (ADWR, 1991). Groundwater of this aquifer is eventually either 

withdrawn by groundwater pumping in the basin, discharged to the floodplain aquifer and 

the river, or flows out of the basin as groundwater underflow. Groundwater in the aquifer 

generally flows from the mountain front recharge areas toward the river in the inner vall^, 

where it may be discharged along gaining reaches of the river or naturally discharged 

through evapotranspiration by phreatophytes. Upon reaching the inner valley, 

groundwater flows northward with the direction of streamflow of the river. However, an 

exception to this pattern of movement occurs within the Sierra Vista-Fort Huachuca area, 

where extensive groundwater pumping has resulted in a reversal of the flow patterns 

(toward the r^onal cone of depression, rather than toward the river). Groundwater 

pumping from the regional aquifer has diminished streamflow of the river (Corell et al., 

1996; Mac Nish, 1998). But unlike the pumping in the floodplain aquifer, pumping from 

the regional aquifer has an indirect effect upon streamflow through capturing water that 

otherwise would have moved toward, and eventually discharged into, the river (Figure 3-

6). 

3.2 .̂ Effects of Groundwater Pumping 

Increasing groundwater withdrawals, fueled largely by continued growth in the 
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Sierra Vista-Fort Huachuca area, constitutes a direct long term threat to the maintenance 

of perennial flow of the river and its associated riparian eco^stem (University of Arizona, 

1991). Over the years, groundwater pimiping in this area created a cone of depression 

with water level declines reach up to 90 feet, trending northwest to southwest paralleling 

the Huachuca Mountains. Groundwater generally flows from mountain fronts or the valley 

margins toward the river, except in Sierra Vista-Fort Ibiachuca area, where groundwater 

pumping has changed the height of groundwater table (gradient) and causes water to flow 

toward the cone of depression (CoreU et al., 1996). When the gradient is reduced as a 

result of continued groundwater withdrawal, the rate of seepage flow from the 

groundwater aquifer into the stream of the river will decrease linearly with the height of 

the groundwater table. Since groundwater is tributary to the streana, therefore, for each 

unit of groundwater withdrawn from the aquifer, there will be one less unit of 

groundwater discharged to the stream (Glennon and Maddock, 1997). Groundwater 

detractions in the Sierra Vista-Fort Huachuca area are said to capture groundwater that 

would have reached the river and eventually have become part of the streamflow of the 

river. It also causes phreatophytes to capture water through evapotranspiration and reduce 

discharge to the stream or increase infiltration from the stream. 

This capture is a reduction in groundwater discharge from the aquifer to the 

stream. The discharge, which has been reduced by 50 to 66 percent (Corell et al, 1996; 

Mac Nish, 1998), constitutes the baseflow component of the river, which is vital for the 

maintenance of the riparian habitat of SPRNC A. When the groundwater table declines due 
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to excessive groundwater pumping, natural water use of riparian vegetation within the 

riparian zone decreases. At some point it may stop altogether, if the groundwater table 

drops below the root zone of these vegetation. 

3 .̂4. The Dynamics of Capture 

In the pre-groundwater development period, natural recharge of groundwater 

aquifer (R^^) within the subbasin was due to mountain front recharge and stream channel 

infiltration. Infiltration of precipitation on the valley floor is insignificant due to the 

relatively low amounts of precipitation and high rates of evaporation in the valley. While 

natural discharge (D^) from the groundwater aquifer was due to groundwater withdrawal; 

groundwater discharge into the river or the floodplain aUuvium, which constitute the 

river's baseflow; underflow out of the USPRB near Fairbanks; and evapotranspiration by 

phreatophytes (Jackson et al, 1987). In the pre-development period, before 1940, the 

groundwater aquifer in the USPRB was in a state of balance or dynamic equilibrium 

(Table 3-4). The tributary groundwater table, which is connected to the streamflow, was 

above the surface water of the river. As a result groundwater was then flowing under the 

force of gravity toward the stream, with a rate directly proportional to the difference 

between the stream stage elevation and the tributary groundwater table elevation (Bouwer 

and Maddock, 1997). Hydrologists call a stream under these conditions a gaining stream 

(Figure 3-7). 
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—SSSBBSSBa 
1 1940 1 1990 2000 2030 

Natural Deep Groundwater Aquifer Recharge (R^) 

Aquifer Inflow, Mexico 3,000 3,000 3,000 3,000 

Huachuca Mountains Recharge 10,580 10,580 10,580 10,580 

Mule Mountains Recharge 5,290 5,290 5,290 5,290 

Total Natural Groundwater Recharge (Ri^) 18,870 18,870 18,870 18,870 

Natural Groundwater Discharge (D^,) 

Aquifer Outflow, Fairbanks -440 -440 -440 -440 

Evapotranspiration -7,900 -7,900 -7,900 -7,900 

Base Flow EKscharge -9,530 -9,530 -7,500 -7,500 

Wells, Bisbee* -1,000 -1,000 -1,000 -1,000 

Total Natural Groundwater Discharge (D,^) -18,870 -18,870 -16,840 -16,840 

Cultural Discharge (withdrawals - recharge) (D^) 

Wells, Fort Huachuca -2,000 -2,300 -2,300 

Wells, Sierra Vista -4,100 -5,000 -9,000 

Wells, Domestic -1,000 -1,000 -2,300 

WeUs, Irrigation -2,800 -1,100 -1,100 

Total Cultural Discharge (Dc) -9,900 -9,400 -14,700 

Total Groundwater EHscharge From Deep Aquifer (D^ + Dc) 

-18,870 -28,770 -26,240 -31,540 

Groundwater Depletion, AS (R^ - D^ - Dc) 

0 -9,900 -7,370 -12,670 

Source; Adapted and modified fi'om CEC (1998). 
' Although Bisbee lies outside the basin, it relies on groundwater supplies fi'om the 
subbasin which dates back to before 1940. 
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Groundwater pumping at a rate higher than that of recharge creates a cone of 

depression and lowers the water table, therd>y reducing the difference between stream 

stage and water table elevations. Subsequently, the groundwater flow toward the stream 

decreases in a linear &shion, until the groundwater table is at the same elevation as the 

stream, at winch time groundwater ceases to move toward the streaoL As groimdwater 

pumping continues, the groundwater table level drops below the stream elevation, and the 

stream starts losing water to the groundwater aquifer, in this case the stream is called a 

losing stream (CHennon and Maddock, 1997) (Figure 3-8). 

The state of dynamic equilibrium, winch prevailed in the subbasin beforel940, 

implies that the total natural reciiarge into the aquifer equals to the natural total 

discharge (Dj^) from the aquifer and there was no change in groundwater storage (S) 

(Qennon and Maddock, 1997), or: 

Rn = DN (3-1) 

The impact of groundwater pumping from the previously balanced groundwater system 

results in adding a new discharge (cultural) process (D^), reduced groundwater discharge 

to the stream channel, increased sur&ce water reciiarge to the aquifers (R^X and reduced 

groundwater storage (AS). The newly added groundwater discharge (D^), must be 

balanced by one or more of the foilowings: an increase in groundwater reciiarge (R+AR), 

a decrease in old natural disciiarge (D-AD), and a loss or reduction of aquifer storage 

(AS). Tliis can be stated as; 

(R^+AR) - (Dn-AD) - AS = DC (3-2) 
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but R - D = 0, therefore. Equation (3-2) can be restated as: 

AR + AD-AS = Dc (3-3) 

since AR, AD are measured in units of flow (volume in a given time interval), 

while AS is measured in vohmie only, AS is divided by time to get comparable units. The 

new equilibrium of the groundwater ^stem is expressed as; 

AR + AD--dS/d/ = Dc (3-4) 

Hydrologist call the term (AR+AD) capture, and it is the sum of pumping-induced 

increased recharge phis pumping-induced decreased discharge (CHennon and Maddock, 

1997; Bouwer and Maddock, 1997). Equation (3-4) represents the mathematical 

expression of capture which occurs in response to human intovention by groundwater 

pumping. This equation states that the groundwater pumping from a hydrologically 

connected ground/sur&ce water system is equal to the difference between storage loss 

(AS/At) and the c£q}ture (AR + AD). It also indicate the sources of groundwater pumped 

(Dc) from the hydrologically connected ground and sur&ce water system of subbasin, 

which are the groundwater pumping-induced capture (AR + AD) and the r^onal 

groundwater aquifer storage, which is being depleted at a rate of AS/At. 

Equation (3-4) includes two pieces of infijrmation of paramount significance for 

consideration in the process of resolving water resource management conflicts in the 

subbasin. First, if there is no hydrologic connection between ground and surface waters, 

(there is no capture, because AR + AD = 0), then: 

-AS/At = Dc (3-5) 
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which means that the groundwater pumping (Dc) results in a direct reduction (depletion) 

of the r^onal aquifer storage. Second, if safe yield (which is defined as no depletion and 

no change in the regional aquifer storage over time, or AS/At = 0), is adopted as a 

groundwater management goal for the subbasin, then groundwater pumping must be 

restricted to amount of c^>ture (the difference between the pumping-induced increase in 

natural recharge (AR) and the pumping-induced decrease in natural discharge (AD)), or: 

AR + AD = Dc (3-6) 

which means groundwater pumping (D^) results in capture, and maintaining a safe yield 

goal (no depletion) requires restricting pumping to capture. Furthermore, to keep the 

system in a safe yield condition without HiminishiTig streamflow in the river (without 

reducing AD), then AR must be increased. The more increase the basin has in AR, the 

more sustainable and renewable supply of water can be pumped while maintaining safe 

yield. For example, if groundwater recharge activities as a result of adopting watershed 

management practices resulted in 25,000 acre feet of annual increase of groundwater 

recharge (which is b^ond the natural recharge in the basin then safe yield can be set 

at around 25,000 acre per year. 

Groundwater pumping captures water by one or more of the following processes; 

increasing stream flow infiltration in losing streams of the river (Figure 3-9 A); intercepting 

groundwater flowing toward gaining streams of the river (Figure 3-9B); and reducing 

evapotranspiration fi-om phreatophytes and other plants tapping the shallow groundwater 
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A Pumping results i.n direct water withdrawal from the stream (pumping-induced 
increase in recharge.·from the stream). 

B Pumping results in indirect water withdrawal from the stream (pumping
induced decrease in discharge to the stream) . 

C Evapotranspiration from riparian species (primarily phreatophytes which act as 
small wells) results in lowered groundwater table. 

Figure 3-9. Sources of Groundwater Pumping-Induced Capture. 
Source: Adapted from Glennon and i'v!addock ( 1997). 
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aquifer (Figure 3-9C). The three cases of capture related to subbasin are discussed below 

with more details, and the some of the estimates of capture in the area are sunmiarized in 

Table (3-5). 

Table 3-5. Comparison of Capture and Loss in Storage by Selected Analysis 

Pumping Derived 
from Storage 

C^yture from 
Reduced ET 

Capture from 
Streamflow 

(Freeth^, 1982) 
Period: 1940-1977 

53% 15% 29% 

(Putman et al., 
1988) 
Period: 1940-1985 

59% Not Reported Not Reported 

(Vionnet and 
Maddock, 1992) 
Period: 1978-1988 

48% 10.2% 40% 

3.2.4.1. Capture as Increased Infiltratioii from Losing Streams (Case I) 

Groundwater pumping lowers the groimdwater table, and creates a cone of 

depression. When the cone of depression reaches the stream, continued pumping will 

fiirther reduce the gradient of the groundwater table to a level below the stream elevatioa 

Water then will infiltrate from the stream into the tributary groundwater aquifer, and the 

stream becomes a losing stream (Figure 3-8). Groundwater pumping then withdraws 

water directly from the stream, and consequently, the stream flow diminishes. If 

groundwater pumping persists, it eventually results in complete loss of baseflow and 

changes the stream from perennial into intermittent. Case I capture, typically occurs when 
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groundwater pumping is within a close proximity to the stream, or when the areal extent 

of the r^onal cone of depression has reached the stream, which seems to be the case in 

the Sierra Vista-Fort Huachuca regional cone of depression (University of Arizona, 1991; 

Vionnet and Maddock, 1992; Mac hHsh, 1998). A recent analysis of stream flow and 

groundwater interaction in the subbasin by Sharma et al. (1997), showed an increase in 

groundwater discharge (baseflow) from 1987 to 1995 in the river's reach between 

Hereford and Lewis Springs (Highway 92Xwhich is expected due to the wholesale 

retirement of irrigated area within SPRNCA when BLM acquired the area in 1987). The 

same analysis, however, shows a decrease in groundwater discharge (baseflow) during the 

same period, between Lewis Springs and the Charleston gage, near the Charleston Bridge. 

3.2.4.2. Capture as Decreased Groundwater Discharge to the River (Case 11) 

When groundwater pumping and its cone of depression is &r away from the 

stream, the cone of depression captures groundwater that would have moved toward the 

river, and eventually became part of the stream flow (Figure 3-6). Therefore, less 

groundwater flows from the tributary groundwater aquifer toward the river and less 

eventually discharges into the stream. If groundwater pumping continues and the 

groundwater table continues to decline until it eventually falls below the stream elevation 

(reducing the gradient of the tributary groundwater table), then the tributary groundwater 

flow toward the river will drop to zero. Under these conditions, capture will change from 

Case n to Case I, and gaining streams will convert to losing streams. In this case the 

stream will be sustained only by sur&ce nmofif and possibly baseflow from fiuther 
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upstream. 

Freethey (1982) estimated the percentage of total stream flow due to groundwater 

in 1942 was 19 percent, which dropped to 13 percent by 1977. He also noted that while 

the groundwater levels along the river remained relatively constant between 1968 and 

1978, at least 29 percent of the total pumpage in the Sierra Vista-Fort Huachuca area was 

derived from streamflow depletion. Putman et al. (1988) estimated that by 1985 only 10 

percent of stream flow was due to groundwater discharge, which is expected to fiirther 

decrease to 8 percent by the year 2000. The University of Arizona (1991) study has also 

confirmed that the Sierra Vista-Fort Huachuca regional cone of depression has indeed 

reached the river upstream from SPRNCA and it will subsequently draw water from it. 

Furthermore, it is estimated that 40 percent of groundwater pumping in the Sierra Vista-

Fort Huachuca area is withdrawn from river streamflow (Vioonet and Maddock, 1992). 

The regional cone of depression had begun impacting groundwater contributions to the 

floodplain aquifer of the inner valley by as eariy as 1990 (Mac Nish, 1998). 

Results of the on-going hydrologic modeling of the San Pedro Basin by Water & 

Environmental Systems Technology (W&EST) (1996) show that 94 percent of the historic 

river flow loss through 1988 in the USPRB was due to irrigation pumping along the SPR 

(mainly within the floodplain aquifer) which used 75 percent of the ground and sur&ce 

waters through 1988. The same model predicts that if 1988 pumping rates were to 

continue, then irrigation use alone would be responsible for 76 percent of the lost river 

flow and 25 percent of lost evapotranspiration. On the other hand, municipal uses would 



be responsible for 24 percent of the lost river flow and 75 percent of the lost 

evapotranspiration. 

Baseflow analysis (Corell et al., 1996) shows a decline of average baseflow at the 

Palominas gage from 3,335 acre feet in 1940 to 530 in the 1970s and then an increase to 

1,900 acre feet in 1990. At Charieston, however, the average baseflow showed a 

consistent decline from 9,470 acre feet (13.1 eft) in 1940, to 4,750 acre feet (6.7 cfe) in 

the 1990, a reduction of 50 percent; a Mmilar reduction was also assumed at the 

Tombstone gage. The same analysis shows the use of baseflow by riparian vegetation in 

the USPRB has steadily declined, but not as sharply as the decline in baseflow, from about 

18,000 acre feet in 1940 to about 12,700 acre feet in eariy 1980s. From the U.S. Mexico 

border to Palominas, the decline was from 5,400 acre feet in 1940 to about 2,100 acre feet 

in the eariy 1980s, while in the area between Palominas and Charleston the decline was 

from 12,600 acre feet to about 10,600 acre feet for the same period. 

Analysis of the diminution of baseflow of the river within the subbasin (Mac Nish, 

1998) shows that the baseflow at Charieston, which is derived primarily from the tributary 

groundwater aquifer underlying the subwatershed, has steadily diminished from 1942 

through 1996. The diminution, which has been estimated by various means, ranges 

between 50 to 66 percent. Diminution is due primarily to groundwater pumping, since the 

1,000 acre feet increase in evapotranspiration in the subwatershed, for the period of 1940-

1990, accounts for only 21 percent of the diminished baseflow at Charleston over the 

same period. Mac Nish concluded that the diminishing baseflow until 1990 was due to the 
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regional Sierra Vista-Fort Huachuca cone of depression, which started to impact the 

groundwater contribution to the floodplain aquifer in about 1990, and as the cone expand 

in area and depth, the diminution of baseflow will accelerate over time, which will risk 

turning the perennial reach of the river (north of Lewis Springs) into an intermittent, if not 

ephemeral condition. It is worth noting ho-e that the efifects now being felt by the river are 

the results of groundwater pumping of many years ago, because transit times in the 

regional aquifer are slow, averaging 23 foot per year (Putman et al., 1988). Therefore, 

impacts of pumping are likely to continue, perhaps for many years to come, even if 

groundwater pumping came to a halt today. 

3.2.43. Capture as Increased Surface Water Recharge to Aquifer (Case HI) 

Phreatophytes mostly draw their water needs from the floodplain and stream flow 

of the river (ADWR, 1991). Phreatophytes act as a series of many small wells with roots 

tapping the saturated zone of the floodplain aquifer. As the groundwater table in the 

regional aquifer decline due to groundwater pumping, and as the floodplain aquifer 

subsequently recharges the regional aquifer, stream flow water seeps toward the root zone 

of the phreatophytes to meet evapotranspiration needs (Figure 3-2). This is another type 

of capture which results from groundwater pumping (Figure 3-9C). Analysis of the impact 

of riparian vegetation on the river's baseflow indicates that the evapotranspiration of 

phreatophytes has increased by about 1,000 acre feet per year between 1940 and 1990, 

which accounts for less than 25 percent of the diminished baseflows at Charleston over the 

same period (Corell et al., 1996). 
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CHAPTER4 

DECISION MAKING ENVIRONMENT 

"̂ ...the law does not regulate or develop water to provide maximum benefits, 
rather, it regulates pe(̂ le who develop the water emd hopê lfy will maximize the 
ben̂ tsfrom its use..J". 

Frank J. Trelease (1917) 

4.1. Water Laws in the Basin 

Arizona foUows the doctrine of prior appropriation (first in time first in right) in 

governing the use of its surface ymtsx, while groundwater is subject to the doctrine of 

reasonable use, which gives the owner of the overiying land the right to withdraw an 

unspecified amount of groundwater, provided it is put to beneficial use and provided that 

such withdrawal does not constitute or impose intentional malicious harm on neighboring 

land owners with respect to their ability to pump groundwater. This dual water legal 

system has its origin in the early part of this century, when sufficient sur&ce water was the 

dominant source of water for many uses and the technology to develop groundwater was 

not available. Groundwater became the primary source of water for many areas 

throughout the state. As the demands for water increased and sur&ce water was no longer 

sufficient to meet those demands. This soon led to water being pumped at a rate much 

higher than it was replenished. Consequently, two new problems emerged, groundwater 

overdraft in some areas and dewatering such as the Gfla and the Santa Cruz. While 

groundwater development has moved at an accelerated pace and resulted in these new 

problems, water law did not respond in such a way as to resolve them. In the 1970s, and 
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under the threat of losing federal funding for the Central Arizona Project, the state moved 

to adopt its comprehensive groundwater management system, with the passage of Arizona 

Groundwater Management Act of 1980, and to create the Arizona Department of Water 

Resources (ADWR). The Act, however, is limited in scope and application to selective 

areas designated by the l^islature or by the Director of ADWR. Meanwhile, areas not 

under the strict rules of ACAiCA, such as the Sierra ^sta basin, are still vulnerable to the 

same problems that led to the adoption of the Act. In this chapter, water law(s), as they 

apply in the basin, will be briefly discussed in order to descnbe the water and water-related 

resource use decision making environment (in other words, to characterize the different 

institutional rule sets currently governing these uses). Water resources in the basin are 

subject to at least three distinct water institutions, state sur&ce water law, state 

groundwater law (outside AMAs), and federal reserved water rights. 

4.1.1. State Surface Water Law 

Since the time the territory of Arizona was acquired from Mexico, the U.S. 

government and its agent (the government of Arizona) continued to regulate the use of all 

water in its dual capacity as sovereign and as proprietor of the public domain. The Bill of 

Rights, adopted as part of the Howell Code on October 4, 1864, at the first session of the 

Arizona Territorial legislature, contained a declaration on water, which constituted a 

statutory repudiation of the riparian doctrine and an establishment of the appropriation 

doctrine. The Howell Code declared that all rivers, creeks, and streams of nmning water 

to be public and available for irrigation and mining, and gave all the inhabitants of the 
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territory owning or possessing arable and irrigable lands the right to obtain the necessary 

water from any convenient streanL Under the code, a surface water right was created 

through the actual diversion and beneficial use of water with no procedure to record these 

rights. 

The first water code in the state, which was adopted in 1919, provided a procedure 

for acquuing and recording water qipropriated prior to the adoption of the code. The 

present Surface Water Code is based on the doctrine of prior appropriation (ARS 45-151), 

and provides that a person seeking to acquire a right to beneficial use of water must make 

application to ADWR for a permit to make an appropriation (ARS 45-142). The 

application must describe the source of sur&ce water to be appropriated, the location of 

the proposed diversion, if any, the proposed place of use of the water, the proposed 

beneficial use, the proposed quantity and periods of use, and any other information 

required by ADWR. ADWR provides a public notice and protest period for those alleging 

that the proposed appropriation will impair a prior vested right, will be contrary to the 

public interest, or will pose a threat to public safety (ARS 45-153). If the application is 

approved, the applicant may then take steps to apply the water to a beneficial use and 

perfect the appropriation, and when it appears that the appropriation has been completed, 

a certificate of right is issued showing the priority and extent of the right. Such a right, 

however, is not an absolute right, since it may be challenged in court by other parties 

affected by such diversion. Sur&ce water rights are appurtenant to the land, and they may 

not be transferred at will. The owner of a right must seek ADWR approval to sever or 
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transfer the use of the water right to a new location (ARS 45-172). bi addition, any 

change of use also requires the approval of ADWR. Sur&ce water rights can be 

voluntarily abandoned, or th^ can be forfeited if no use is made over a period of five 

consecutive years. Abandoned or forfeited sur&ce water reverts to the public and becomes 

available for new appropriation. 

Arizona does not have an instreamflow appropriation statute, but ADWR has 

granted two certificated instreamflow water rights in the basin. One of those rights was 

granted to the federal BLM, for 11,023 acre feet of instreamflow on the mainstem of the 

SPR within the SPRNCA. The other was granted to the Arizona Nature Conservancy, on 

Rams^ Cation Creek. ADWR relied on interpretations of the statutes dating back 1944 

and 1962, and even more on a 1976 Arizona Supreme Court ruling 'mMcClellan v. 

Jantzen (26 Ariz. App 223, 547 P.2d 494). Although diversion of water fi-om a stream is 

necessary for depleting appropriation, instreamflow ^propriation for fish, wildlife and 

recreational purposes does not require ai^ diversion. 

4.1.2. Groundwater Law 

Groundwater under Arizona law is divided into two classes and defined in 

reference to its relationship with surface water as dependent and independent 

groundwater. This classification is based on the understanding and interpretation of 

numerous court cases of Clessen S. Kinney (1912), who was an attorney and not a 

hydrologist, as documented in his book Treatise on the Law of Irrigation and Water 

Rights and the Arid Region Doctrine of Prior Appropriation. Kinney divided groundwater 



97 

into two classes, based upon its occurrence in either known or unknown channels. The 

category of unknown channels is further divided into indq)endent and dependent wato'. 

While independent water is not infhiCTced by streamflow, the dependent water, which he 

called "subflow" is strongly influenced by the streamflow. Independent groundwater or 

"percolating groundwater" is further divided into two separate classes; 1) water that is 

truly independent of streamflow or its subflow; and 2) percolating groundwater that is 

"tributaiy"to streamflow, which, according to Kinney, is not subflow because it has not 

yet reached the stream to which it is tributary. In the process Kinney created a dichoton^ 

of groundwater that interact with streamflow in the form of "subflow" and "tributary 

groundwater". This became the basis for Arizona's groundwater law, until today. 

In its landmark decision, Arizona Supreme Court ruled in Mcoicopa County 

Municipal Water Conservation District No. One vs. Southwest Cotton, 39 Ariz. 65, 4 

P.2d 369 (1931) (which is often referred to simply as Southwest Cotton), that "subflow", 

which is defined as "waters that slowly find their way through the sand and gravel of the 

bed of the stream, or through lands under or immediately adjacent to the stream" is 

"appropriable groundwater" (like sur&ce water) under the doctrine of prior appropriation. 

The Court also ruled that all other forms of groundwater, as defined by Kinney, were not 

appropriable, and therefore, are subject to the "reasonable and beneficial use" doctrine, 

which sets neither fixed allocation of groundwater nor priority date. This case introduced 

two new categories of groundwater into the law; "groundwater in d^nite underground 

channels" and "percolating groundwater", on which the Ground Water Act of 1948 was 
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based. The Act adopted the foDowing definitioii of groundwater "groundwater means 

water under the sur£ice of the earth r^ardless of the geologic structure in which it 

standing or moving, it does not include water flowing in underground streams with 

ascertainable beds and banks" (ARS 45-301). The Act defined underground streams (also 

known as subflow or subsur&ce flow), as **water that flows in definite underground 

channels". Although the state was fiiced with rapid depletion of its groundwater, the Act 

was passed with desperation, not conviction, to solve the long-term problem of balancing 

demand for agricultural development with limited groundwater supply. The Act, which 

upheld the theory of private ownership of percolating groundwater, specifically stated: 

'̂ nothing in this Act shall be construed .... to affect the right of any person to continue to 

use water fi'om existing irrigation wells or any replacement of such wells" (Arizona State 

Land Department, 1954). 

Soon after its passage, the Act was attacked in Bristor v. Cheatham, filed in 

Superior Court of Maricopa County, in vi^ch Bristor argued for a form of the correlative 

rights theory, similar to that of California. Cheatham contended that the absolute English 

rule, in the which the owner of the overiying land could do with groundwater as he 

pleased, applied. Bristor's case was dismissed in 1949 by Maricopa Superior Court^^ but 

he then appealed the case. It eventually went to the Arizona Supreme Court, which by a 3-

Irrigated acreage by groundwater pumping increased fi'om nearly 700,000 acres 
in 1947 to nearly 1,300,000 acres in 1953 (Agricultural Experiment Station, 1947 and 
1954). 
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2 margm, declared that all groundwater is public property and subject to the rule of prior 

appropriation, Bristor v. Cheatham, 73 Ariz. 228, 240 P.2d 185 (1952). The remarkable 

position of the Supreme Court was met with violent reaction among those who oppose 

public ownership and &ced ruin from the decision, particularly in Pinal County, where the 

water situation was most critical. Unfortunately, the decision did not live long. Faced with 

mounting pressure, including threats of personal harm to its justices^^ the Supreme Court 

in Bristor v. Cheatham, 75 Ariz. 227, 255 P.2d 173 (1953) reversed its previous decision 

of 1952 by asserting that "the common law r^arding percolating groundwater had 

prevailed in Arizona and had not been contravened by federal law^ (Mann, 1963). The 

Court fiirther stated; '̂ oughout the Pacific Coast, where the doctrine of prior 

appropriation prevails, decisions are uniform to the effect that waters percolating generally 

through the soil beneath the surface are the property of the owner of the soil, but that 

subterranean streams, flowing in natural channels, between well-defined banks, are subject 

to appropriation under the same rule as surface streams". 

Percolating groundwater in the subbasin is, therefore, subject to the "reasonable 

and beneficial use" doctrine, which gives the overiying landowner the right to pump an 

unspecified quantity of groundwater (no fixed allocation and no priority date) to be put 

into reasonable and beneficial uses without imposing intentional malicious harm on 

adjacent land owners (ARS 45-453). The definition of "reasonable" has traditionally been 

" Consistent with the view in the West that "water is for fighting, whisky is for 
drinking". 
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quite loose, so that "...any use of subjacent water on ovexiying land short of intentionaL, 

malicious harm to an adjoining landowner's use of subterranean water was generally 

considered "reasonable" (Leshy and Belanger, 1988). Subsurface flow is considered part 

of the surface water regime and is, therefore, subject to the doctrine of prior 

appropriation. 

The AC^IA of 1980 did away with the theory of private ownership of 

groundwater and the reasonable use doctrine only in established AMAs throughout the 

state. Rather than changing groundwater rights, the Act imposed upon these rights a 

regulatory management scheme ^^ch placed various d^ees of restrictions on 

groundwater use in these select areas. Upon passage of the Act, the State Water Code 

constituted three levels of groundwater management throughout the state, namely, AMA, 

INA, and well registration. With the passage of the Act, four initial AMAs, and two INAs 

were established. Outside AMAs and INAs, including the subbasin, pumping groundwater 

requires no permit. Rather, landowners comply only with the provisions of well 

registration, which is the lowest level of management and is merely procedural. These 

provisions require landowners seeking to withdraw groundwater for "reasonable and 

beneficial use" to file a notice of intent with ADWR and to comply with well construction 

standards. 

4.13. Court Decreed Rights 

Court decreed rights involve rights previously granted under state law, but which 

have been confirmed or adjusted by state or federal court rulings, when such rights are in 
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dispute or conflict, by confirming or defying validity, priority or quantity of such right. 

Court decrees may also establish rights, although rarely, by quantifying or prioritizing 

rights for the first time. Court decreed rights are considered the most certain since th^ are 

not subject to challenge, once determined. Veiy few court decreed rights exist in the 

subbasin. 

4.1.4. Federal Reserved Water Rights 

Federal reserved water rights were created to assure that lands set aside by the 

government fi'om the unreserved public domain for a particular purpose would have 

adequate water. The reserved rights are rooted in the 1908 Supreme Court decision of 

Winters v. United States (207 U.S. 564), in which the Supreme Court held that, although 

settlers had established rights under state law and had begun using water before the 

Indians, the Indians held a prior water right, which was implied by the reservation of land 

for their use. The ruling established federal reserved rights to water in quantities suf5cient 

to fulfill the purposes of federal reservations. Although state water rights have priority 

based on the date of initial beneficial water use under appropriation doctrine, federal 

reserved rights have a priority dating back to the date when the reservation was 

established, even if water use began long afler others have commenced their appropriation. 

Over the years the federal reserved rights doctrine has been extended to public 

lands reserved for a particular governmental purpose. These rights have long been 

recognized and tested by a series of court cases, most notably the 1976 Cappaert v. 

United States (426 U.S. 128). David Getches (1990) argues that federal reserved right 
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^plies to all federal lands, which are set aside for specific purpose, he states; "if Congress 

authorizes creation of a park, wildlife refuge, national forest, military base, wilderness area 

or another use of public land that demands water for its success, that act of establishing or 

reserving the land implies an intention to reserve su£5cient water to carry out the 

congressional purposes". Although the federal government under McCarran Amendment 

has granted states the authority to include federal reserved right claims in their respective 

adjudications under state law, the Supreme Court's reserved rights doctrine acknowledges 

the prerogative of the federal government to establish and exercise water rights in ways 

that may not be in accord with state law (Getches, 1990). Adjudication of federal reserved 

rights under state law, therrfore, can not prevent exercise of federal property rights or 

defeat federal purposes and programs. 

All holders of state water rights who began their uses after a reservation was 

established have priority rights junior to those of the reservation, even though water use 

on the reservation may have started long after others. In exercising a reserved right to 

carry out a federal purpose, the federal government is not required to comply with, be 

restrained by or be regulated by state water law. 

The sur&ce waters of the San Pedro River are fiilly appropriated, but the future of 

existing rights is clouded by the on-going Gila River Stream Adjudication. The 

adjudication includes the San Pedro River, because the Gila River Indian Community 

(GRIC) claims federal reserved rights to surface waters of the San Pedro River, which is a 

tributary to the Gila River. In addition, federal reserved rights in the basin have been 
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claimed by Fort Huachuca, Arizona State Land Department, Coronado National Forest, 

Coronado and Saguaro National Monument, and the BLM (ADWR, 1991). The BLM, 

which has already received a state instreamflow right within SPRNCA for 11,023 acre feet 

per year under state law, has also filed for federal reserved rights. E7q)erts are divided over 

the issue whether BLM could claim reserved rights for the preservation of its riparian 

zone. Some argue that BLM lacks the basis for a federal reserved right, since the land was 

purchased and not reserved firom the public domain (Lord, 1998), also because the agen(^ 

was not created by an Organic Act as the federal court ruled in the Sierra Club v. Watt 

(659 F.2d 203, D.C. Cir., 1981). Others argue, on the contrary, that BLM has the legal 

basis to claim a federal reserved right, because the Congress has implied a water right for 

the purpose of SPRNCA (Getches, 1990), with even others arguing that the right is even 

&q}licit in the Congressional Act, which created SPRNCA, rather than implicit, since the 

preservation of the riparian area is one of the purposes of designating the area (Lamb and 

Lord, 1992; Maddock, 1999). Federal reserved rights within the basin puts the federal 

government at odds, since it represents two conflicting interests, namely, the Fort 

Huachuca (Department of Defense), SPRNCA (Department of Interior), as well as GRIC. 

The Fort has the right to pump groundwater under the state's reasonable use doctrine, and 

it also claims a federal reserved right, which could have (pending adjudication) priority 

date senior to SPRNCA. Nevertheless, the federal reserved law, which has supremacy 

over state law, still provides protection to federal reservations fi"om harm by groundwater 

pumping hydrologically connected to streamflow (Glennon and Maddock, 1994). 
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4.1.5. GOa River Stream Adjudication 

The State of Arizona instituted the Gila River Stream Adjudication (GRS A) in 

1974 to resolve conflicting claims by thousands of water users in the Gila River basin. The 

adjudication represents a litigation procedure to restate the priority and scope of these 

water rights. The adjudication started i^en the Sah River Valley Water Users' 

Association filed a petition to determine the rights in a section of the Salt River, but soon 

it was enlarged, and fiirther complicated, to include all tributaries of the Gila River 

System. 

The adjudication includes 65,000 statements of water rights filed by nearly 2,400 

parties. There are 51 major water users in the USPRB, which include 38 municipal water 

providers claiming about 8,000 acre feet per year, 2 irrigation districts claiming about 

30,000 acre feet per year, 8 industrial and niining users claiming 750 acre feet, the Arizona 

Stat Land Department claiming an unquantified amount for fiiture use. Fort Huachuca 

claiming 10,500 acre feet, and BLM claiming 39 springs with an annual discharge of about 

100 acre feet, together with its instream flow rights (ADWR, 1991). The Adjudication 

procedure is fiirther complicated by a GRIC claim of 1.5 million acre feet of senior federal 

reserved water rights fi-om the Gila River and its tributaries. The cost of the slow-moving 

adjudication has thus far exceeded $50 million (AGSA, 1996). The court will ultimately 

decide which water will be subject to the state's prior appropriation doctrine and which 

water is subject to the state's reasonable use doctrine. 

The GRIC right will be quantified on the basis of an amount necessary to irrigate 
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"aU practicably irrigable acreage" on GRIC reservations, a principle propounded in 

Arizona v. California (373 U.S. 546 (1963), supp., 439 U.S. 419 (1979), supp., 460 U.S. 

605 (1963)). The unresolved and unquandfied GRIC claim to sur&ce water of the SPR 

casts uncertainty over future water rights in the basin, and the adjudication is yet to 

remove this imcertainty. The GRIC claims a practicable irrigable acreage of 183,000 acres. 

The GRIC federal reserved right could amount to 549,000 acre feet per year, if the Indians 

are to prevafl in their claim, and if the court were to establish an irrigation water duty of 

about 3.0 acre feet per acre per year. The GRIC has already received 173,100 acre feet of 

Central Arizona Project (CAP) water. The rest would be satisfied on a pro-rata basis fi'om 

Salt, Verde, Upper Gila, and San Pedro Rivers. 

The annual runoff of the San Pedro River at the confluence is unknown. A gaging 

station near Mammoth measured an average annual flow of44,600 acre feet between 1931 

and 1940. Another station established in 1979 measured a 27,520 acre feet in water-year 

1980, and 16,960 acre feet in water-year in 1981. No other records available. Assuming 

that the 1930s nmofif of44,600 acre feet is indicative of the long term conditions, and the 

reported average annual runoff" of 129,000 acre feet, 324,000 acre feet, and 497,000 acre 

feet for Gila, Verde, and Salt rivers respectively, then the ratio of stream flow discharges 

for each of these three rivers and the San Pedro River is 50 percent, 32.6 percent, 13 

percent, and 4.4 percent, respectively. This means 4.4 percent of the 375,900 acre feet 

claimed by GRIC, or as much as 16,540 acre feet would have to come from the San Pedro 

River (Brown and Caldwell, 1984). 
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Under the federal criteria and procedures for Indian water rights settlements, a 

federal negotiating team was established to fiidlitate settlement discussions. The federal 

team in 1991 presented a settlement water budget with an annual GRIC entitlement of 

653,000 acre-feet. CAP water was proposed to be the source of over 300,000 acre feet of 

this budget, and the remainder was to come from a variety of sources, including the Gila 

River, its tributaries, and groundwater. 

4.2. Araoiia*s Struggle to Recognize Hydrologic Interaction 

Streamflow and groundwater interaction under Arizona law is based on Kinney's 

dichotomy of "subfiow" and 'tributary groimdwater^. In its landmark decision, the 

Arizona Supreme Court ruled, m Maricopa Cotmty Municipal Water Conservation 

District No. One vs. Southwest Cotton, 39 Ariz. 65, 4 P.2d 369 (1931) (known as 

Southwest Cotton), that "subflow", which is defined as "waters that slowly find their way 

through the sand and gravel of the bed of the stream, or through lands under or 

immediately adjacent to the stream" is "appropriable groundwater" which, like sur&ce 

water, is subject to under the doctrine of prior appropriation. The Court also ruled that all 

other forms of groundwater, as defined by Kinney, were not appropriable, and therefore, 

are subject to the "reasonable and beneficial use doctrine", which sets neither a fixed 

allocation of groundwater nor a priority date. 

The GRIC filed a suit in 1978, seeking a declaratory judgement that it had the 

highest priority to use waters, including groundwater, of the San Pedro River watershed. 

The suit claimed that groundwater of this watershed is subject to adjudication based on 
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federal law. The Maricopa Superior Court presiding judge in the adjudication, Stanley Z. 

Good&rb, ordered well owners in the watershed, including those in the subbasin, in 1984 

to file a claim for groundwater use, as part of determining the extent of GRIC water 

rights, therd}y, expanding the scope of the adjudication to groundwater of the San Pedro 

River watershed. The judge also asked ADWR, the court's technical and administrative 

arm, to establish criteria for determining what groundwater could be part of stream flow, 

and therefore, subject to prior {^>propriation, and to evaluate San Pedro River watershed 

file reports and determine how many wells are affected. 

Judge Goodfarb ruled on September 9, 1988 (without relying on Kinney's 

definition of groimdwater and subflow) that certain groundwater wells located in the 

younger alluvium of the USPRB are within the scope of the adjudication, because they are 

pumping appropriable water. According to Goodfarb's ruling (which later became known 

as 50/90 rule), any well for which at least 50 percent of the volume pumped comes fi'om 

the nearby stream flow within a 90-day period of continuous pumping (for purposes of 

technical calculation) is pumping subsurface flow, which is subject to prior appropriation. 

Accordingly, the judge instructed ADWR to classify wells reported in its HSR according 

to whether each was pumping groundwater appropriable or non-appropriable (ADWR, 

1991). 

ADWR identified three categories of wells according to their geographic location 

in three Zones, and delineated a distinct hydrologic area for each category according to 

their relationships to the regional and floodplain aquifers (Figure 4-1). ADWR also 
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delineated the geographic area of each zone to determine the status of pumping for each 

wefl reported in the basin according to the three zones (Figure 4-2). Zone 1, which is 

bounded by what is known as the **brightline", constitutes mainly the younger alluvium of 

the river and represents an area within which wells are actively pumping appropriable 

subfiow. Zone 2 delineates an area in v^ch tributary groimdwater pimiping significantly 

diminish streamflow, because the aquifer is in direct hydraulic connection with the river's 

stream or its floodplain aquifer. ADWR found that tributary groundwater aquifer in the 

USPRB extends fer outward from the "brightline" established according to the 50/90 

criteria and inchides not only Zone 1 but also the area within the headwaters of the 

tributary aquifer, namely. Zone 2. ADWR concluded that any groundwater pumping in 

Zone 1 or Zone 2 has the potential to diminish streamflow of the river. Zone 3 delineates 

an area in which groundwater pumping occurs at the edge of the regional aquifer and 

originates in non-tributary aquifers and does not significantly diminish streamflow of the 

river (ADWR, 1991). 

Although Goodfarb's definition of appropriable groundwater and his 50/90-day 

rule are arbitrary, th^ constitute the latest attempt by an Arizona court to address 

groundwater and surfece water relationships and to quantify the impact of groundwater 

pumping on stream flow. The Arizona Supreme Court struck down Goodferb's 50/90-day 

ruling (which is know as the Interiocutory Issue No. 2) in 1993, arguing that it was 

unprecedented for a court to use volume ratios and time. The Supreme Court also ordered 
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Figure 4-1 . Cross Section of San Pedro River Valley Showing Well Classification 
Zones and Related Hydrography. 
Source: Adapted from ADWR ( 1991 ). 
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Judge Goodfarb to modify his defiiiition of "criteria for separating q)propriable subflow 

from percolating groundwater" without resorting to the use of volume and time ratios. It 

therd>y prevented the use of any modem l^drologic principles in such a definition. Judge 

Good&rb in 1994 defined subflow strictly in geologic terms and without the use of volume 

and time ratios, as "groundwater within the saturated younger alluvium". In rejecting 

Judge Goodie's numeric definition of subflow, the Supreme Court asserted its 

traditional role of interpreting Southwest Cotton, rather than correcting it and improving it, 

a task the court felt falls more within the domain of the legislature, rather than the 

judiciary (Bouwer and Maddock, 1997). 

The Supreme Court also took the position that "if drawing ofif the subsurface 

water tends to diminish appreciably and directly the flow of the surface stream, then 

subsurface water is subject to prior appropriation". This new interpretation of Southwest 

Cotton could have a &r reaching impact on the future of groundwater pumping within the 

river. According to this interpretation, wells creating and contributing to the regional cone 

of depression of the Sierra Vista-Fort Huachuca, which has expanded in areal extent to the 

point where it is intersecting the saturated younger alluvium of the river, are pumping 

subflow subject to prior appropriation, not a percolating groundwater. In &ct, judge 

Good&rb expanded on the Supreme Court's interpretation and concluded that a well 

outside the "subflow" area will be subject to the adjudication if the cone of depression 

caused by its pumping has now extended to a point where it reaches an adjacent subflow 

zone, and by continual pumping will cause a loss of subflow such as to afifect the quantity 
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of the streamflow. Furthermore, the Supreme Court tradhioiially held the view that 

ephemeral streams could never have subflow associated with them, but judge Good&rb 

ruled that if the ephemeralization was due to groundwater pumping, then the groundwater 

pumped is subflow, not percolating groundwater. Meanwhile, judge Goodfarb's definition 

and interpretation were challenged again in the Supreme Court in 1994, but the court has 

not yet ruled on this issue. 

4 .̂ Emwging Trends in Arizona Water Management 

ADWR has just adopted a new strategy to address water-related issues in many 

parts of the state. The strategy is based on forming coUaborative groups concerned with 

the development water resources and improvement of their management (Sundie, 1999). 

ADWR introduced the Rural Watershed Initiative Program in 1998, and requested an 

appropriation of $1.2 million to fimd the initiative in the fiscal year 2000. ADWR is 

drawing upon support fi'om other state agencies and local and federal governments and 

non-government groups in creating rural watershed initiatives in the following areas: the 

Upper San Pedro Partnership (USPP), the Northern Gila County Water Plan, the Upper 

Little Colorado River Watershed, the North Central Arizona Regional Water Study, the 

Upper Verde Study, the Middle Verde Study, the Prescott AMA, the Santa Cruz AMA, 

and the Upper Gila Water Study (ADWR, 1999). The Upper San Pedro Partnership 

(USPP) participants include BLM, Fort Huachuca, the U.S. Forest Service, the U.S.G.S., 

the ADWR, the ADEQ, the ASLD, Cochise County, the City of Sierra Vista, the City of 

Bisbee, Nature Conservancy, and the Town of Huachuca City. The objective of the USPP 
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is: "to coordinate and cooperate in the identification, prioritization and implementation of 

comprehensive policies and projects to assist in meeting water needs in the Sierra Vista 

subbasin of the USPRB" (Sundie, 1998). These forms of collaborative groups, with 

concerns with management and restoration of watershed resources, represents an 

emerging trend in the modem era in the development of alternative strategies to address 

current and future water and natural resource problems (Kenney and Lord, 1999). 

The significance of USPP lies in the fi'esh approach to address barriers to policy 

changes, which were identified by Wilkosz and King (1989) as administrative, political, 

cultural, and ideological. Forging agreements and coordinating activities among members 

of USPP with those agencies who have management responsibilities of SPRNCA, could 

address many of these barriers. USPP, therefore, represents a new decision making forum, 

possibly enabling groups with different viewpoints and management responsibilities 

concerning water and other natural resource issues to voluntarily adopt water and natural 

resource use rules. The partners might also collaborate with policy makers, on local, state, 

and federal levels, in proposing legislation, and also in facilitating building alliances among 

resources management groups with differing objectives (Lamb and Lord, 1992). 

4.4. Characterization of Existing Rules 

The IAD provides a taxonomy of seven rule types (scope, position, boundary, 

authority, information, aggregation, and payofiO necessary for institutional analysis, and it 

recognizes and identifies three levels of decision making (operational, collective, 

constitutional). These rule types and their level of analysis provide the vocabulary for 
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institutional analysis and design. This chapter has thus &r provided a description of the 

existing water resource institutions in the basin. In the rest of this chapter, these existing 

institutions will be described using the seven rule types at the three levels of decision 

making. 

4.4.1. Opentional Choice Level Rules 

4.4.1.1. Groundwater Rules 

Scope 

Use of percolating groundwater resources within the basin. 

Positions 

1. Landawner̂  ̂

2. Administrator 

Boundary 

1. Landowner, the law affords governments (federal, state and local) power to acquire 

land through eminent domain. 1) Federal land ownership is established through purchase, 

condemnation, or exchange. 2) State ownership is established through reservation (school 

trust lands), purchase, condemnation, or ^change. Majority of the state land in the basin 

is managed by the Arizona State Land Department for school trust. 3) Other public land, 

which may owned by local governments, is acquired through purchase, condemnation, or 

exchange. 4) Private ownership of land is acquired through purchase or inheritance. 

" Federal agencies with land in the basin (most notably Fort Huachuca) claim 
rights under state as well as federal laws. 
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2. Administrator: Arizona state constitution, the 1919 Water Code, and subsequent 

legislation, including the 1980 AGMA, established that ADWR is an administrator of the 

state's Water Code. 

Authority 

1. Landowner, groundwater pumping is subject to the common law's reasonable use 

doctrine, which gives the overiying land owner the right to withdraw groundwater for any 

beneficial use on the oveiiying land short of actual waste, intentional malicious harm or 

interference with the wells of neighbors. The statutes does not set limits on the amount of 

withdrawal. Groundwater is appurtenant to the overlying land. Any use off the land is 

considered unreasonable unless it is for purposes incidental to the beneficial enjoyment of 

the land. However, groundwater can not be transported off the land if it injures other 

pumpers fi'om the same source. The doctrine imposes little restriction on the nature and 

amount of use and ignores the hardships imposed on competing owners. 

Fort Huachuca is entitled to federal reserved water rights in quantities sufficient to fiilfiU 

its original purpose, beside its entitlement to pump groundwater under state's reasonable 

use doctrine". Landowners with wells must have filed a claim for groundwater use, as 

part of determining the extent of GRIC water rights under the adjudication. 

2. Administrator. ADWR enforces compliance with well drilling and construction 

" Federal statutes does not recognise the dichotomy of water systems on which 
the state Water Code is based. Therefore, under this statutes groundwater is appropriable 
water under the prior appropriation doctrine. 
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regulations and the wells r^stry system. The well registry inchides well numbering, 

location of the well, status of the well (active inactive), capacity and legal description of 

land where pumped water is used. 

Information 

1. Landowner, must file a letter of intent ADWR, to drill a new well or to reconstruct an 

rasting one, providing the following information: location and depth of the well, status of 

the well (active inactive), maximum punq}ing capacity and legal description of land where 

pumped water is used. Private water utilities, are required, in addition, to report annual 

water use to the Arizona Corporation Commission. 

2. Administrator. ADWR keeps a well registry, which includes information on the location 

well, location of water use, depth, c^acity and status of each well. Lacks information on 

individual or aggregate groundwater pumping activities in the USPRB. As the court's 

technical and administrative arm, ADWR established criteria for determining groundwater 

assumed to be a subflow and subject to appropriation, and evaluated San Pedro watershed 

weUs which might be affected under this criteria. 

Aggregation 

Landowners are pumping groundwater at will, until the marginal benefits of 

pumping are equal to or occeed the marginal cost of pumping. Groundwater is being 

pumped at a rate far ecceeding the rate of recharge, resulting in a lowered groundwater 

table and a cone of depression, which is leading to groundwater-induced capture and an 

overdraft estimated at 7,370 acre feet (the year 2000). The mathematical form is stated 
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AS ~ D[^ + Dq — 

where: 

AS: depletion or groundwater overdraft (the reduction in r^onal aquifer stock) 

D^,: natural groundwater discharge (which inchides outflow, ET, and baseflow) 

Del cultural groundwater discharge, and it inchides municipal discharge (I\() and 

agricultural discharge (D^). 

R^: natural groundwater recharge (which includes inflow from Mexico) 

But since groundwater aquifer is hydrologically connected to the SPR streamflow, 

Dc also results in capture (AR + AD), therefore, the impact of groundwater pumping can 

be stated as: 

AS = (AR + AD) + (Dm + D J 

Payoff 

Benefits of using tributary groundwater (which is part of San Pedro River 

streamflow) accrue to landowners who capture such water by groundwater wells in the 

basin. Pumpers impose costs on themselves (reciprocal), as well as on users of surfiice 

water. Although such pumping harm and injures streamflow appropriators, pumpers are 

immune, under these rules, from liability for imposing damages on these appropriators, 

who can not sue for damages or enjoin harming activities. 
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4.4.1 Jl. Surface Water Rules 

Scope: use of surface water of San Pedro River. 

Position 

1. Streamflaw Appropriator (state and federal reserved) 

2. Instreamflcw Appropriator 

3. Admimstrator 

Boundary 

1. Streamflow Appropriator 

^propriators under state water right: since June 12, 1919 surface water appropriation is 

acquired through an application and permit/certification process, which requires applicant 

to state the point of diversion, amount and purpose of the appropriation, and to publish 

notice to other appropriators (holders of state appropriative right) who may be affected. 

As a result of the Water Registration Act of 1974 and subsequent amendments, all state 

surface water rights must be registered with the state in order to be valid. 

Appropriators under federal reserved water right: may have quantified and prioritized 

rights as a result of the adjudication. 

2. Imtreamflow Appropriator: applicant/appropriator must own the land on which the 

claim for instream flow is located, or must have a specific legislative responsibility for 

wildlife management. 

3. Administrator. Arizona state constitution, the 1919 Water Code, and subsequent 

legislation, including the 1980 AGMA, established that ADWR is an administrator of the 
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state's Water Code. 

Authority 

1. Streamflaw Appropriator 

Appropriators under state water right: diversion must not exceed the amount needed to 

accomplish the beneficial use for which it was appropriated. Appropriators senior in time 

are superior in right, even if junior right-holder will receive no water at all. Surface water 

right may be sold, but the owner may not change the place or purpose of a diversion 

without ADWR's approval. Diversion of water must be continuous and right is lost 

through forfeiture or abandonment. Right is subject to forfeiture or abandonment if not 

exercised or put to beneficial use for five consecutive years, in which water revert back to 

the public and becomes open for appropriation. An appropriator may not alter water use in 

such a way as to dintunish return flows to the stream channel once a consistent pattern has 

been established, if down stream appropriators will be damaged. Return flows, water not 

consumed in accomplishing the beneficial use and which flows back to the stream channel, 

becomes public water again subject to appropriation. 

Appropriators under federal reserved water right: may be quantified based on the quantity 

sufficient to fldfill the purpose of the GRIC reservation. Right is not subject to state law, 

even if water use does not constitute a beneficial use under the state definition. Seniority 

rule for reserved rights is based on the reservation's establishment date, not the date of 

initial water diversion for beneficial use, even if water use begins long after state 

appropriators have appropriated waters fi'om the stream under state water law. 
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2. Instrecanflaw Appropriator. entitled to instreamflow within designated stream for the 

amount of right. Protected from harm by junior upstream diversion, surface water 

development, or transfers that could threaten the existing flows. No protection at this time 

from depletion due to groundwater pumping activity, which diminishes streamflow, or 

from diversions by senior appropriators. 

3. Administrator: enforces compliance with surface water law. Although ADWR has some 

authority to protect streamflow from harm (conceivabty also due to groundwater 

pumping), the authority is not sufiBcient and all matters have historically been referred to 

adjudication court. Has the duty to enforce regulation judiciously. 

Information 

2. Instreamflow Appropriator-. during the four years period of certification, appropriator 

must document the amount of water available in the stream and the amount necessary to 

maintain the stated use (^plicant must establish the minimum quantity of water required 

to accomplish the purpose of appropriation). Once stipulations of the permit have been 

met and the appropriation has been perfected, ADWR issues a Certificate of Water Right. 

Aggregation 

Right to divert water is based on the seniority rule of "first in time first in right". 

Due to the on-going adjudication, GRIC stream flow right is unquantified, but other 

appropriators divert streamflow water under state water right. BLM enjoys a defacto 

instreamflow protection, because senior appropriators are located downstream from 

SPRNCA. Pumping tributary groundwater in the basin resulted in an expanded cone of 
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depression and is imposing a groundwater pumping-induced capture, winch has lead to 

diminished instream flow by SO to 66 percent since 1940. Landowners pumping tributary 

groundwater are capturing water that is part of the streamflow, with an estimated 40 

percent of pumping in the Sierra Vista subbasin is coming from the streamflow of the 

river. The baseflow discharge, which is part of is reduced due to groimdwater 

pumping and depletion of stock; 

DJ  ̂— + AS ~ DC 

Furthermore, since groundwater aquifer is hydrologically connected to the streamflow, 

groundwater pumping results also in capture (AR + AD); 

Dc = (AR + AD)-AS 

where: 

AS: depletion (reduction in groundwater stock) 

D^: natural groundwater discharge (imderflow, ET, and baseflow discharge) 

natural groundwater recharge, including underflow from Mexico 

Dc: cultural groundwater discharge, and it includes municipal discharge (D^) and 

agricultural discharge (D^). 

(AR + AD): groundwater pumping-induced capture. 

Payoff 

Senior streamflow appropriators benefit most (reduced risk), junior appropriators benefit 

least, but both are vulnerable to pumpers. 
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4.4  ̂CoDective Choice Levd Roles 

Scope 

Changes in ground and sur&ce water use rules in the subbasin. 

Position 

1. Regulator 

2. State Judiciary 

3. Holder of Water Right 

Landowner 

Streamflaw Appropriator 

Prospective Appropriator 

Holder of Federal Land Reservation 

Boundary 

1. Regulator, state legislation and the state constitution secure a position for ADWR as 

regulator of ground and surface water. 

2. State Judiciary: State Constitution and federal McCarran Amendment, both provide a 

position for state judiciary to adjudicate federal and state surface water rights. 

3. Holder of Water Right 

Landowner. State Constitution, the 1980 AGMA, and landownership. 

Streamflaw Appropriator. permit to divert sur&ce water for consumptive use, or 

certificate for instreamfiow use, which are registered with the state. Perfecting instream 

flow right (certification process) may take up to four years, for which the ADWR issues a 
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permit to ^propriate instream flow. 

Proactive Appropriator. ownership of land and the ability to perfect streamflow or 

instreamflow right, when public water is avaflable for ^propriation beyond the quantity 

sufScient to satisfy existing appropriators. Perfecting instream flow right (certification 

process) may take up to four years, for i^ch the ADWR issues a permit to appropriate 

instreamflow. 

Holder of Federal Land Resenfatiorr. reservations were established through legislation or 

executive orders, but state judiciary may have to quantify and prioritize this right as a 

result of the adjudication. 

Authority 

1. Regulator, has the authority to adopt the fl'amework necessary to issue surface water 

and instream flow permits under the state Water Code and groundwater permits or rights 

under the 1980 AGMA. ADWR adopts administrative rules to implement surface and 

groundwater l^islation with regard to water rights. Prepared the HSR for the court as 

part of the adjudication. Collects scientific and economic data to study the protection of 

riparian ecosystems throughout the state, including SPRNCA (ADWR, 1994). Although 

the statutes does not specifically provide for instream flow appropriation, the state is 

granting instream flow permits based primarily on the interpretation of Arizona Supreme 

Court ruling vaMcClellan v. Jantzen, 26 Ariz. App. 223, 547 P.2d 494 (1976), in which 

the Court held that the concept of "insitu appropriation" is valid for statutory uses of 

"wildlife including fish" and "recreation", and on the interpretation of the appropriation 
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statutes, instream flow appropriatioiis do not require a pineal diversion of public waters 

from the stream channel. Acts as the technical and administrative arm of State Judiciary 

system in water-related matters. Establishes criteria for determining tributary groundwater 

and the extent of surface water rules. Evaluates for the court the San Pedro watershed file 

reports and determine how many wells are affected by such criteria. 

2. State JiuHdary. adjudicates conflicting sur&ce water right claims in the basin, and 

determine groundwater pumping which is part of the streamflow of the river and subject 

to appropriation for consideration in the adjudication. Requires landowners with wells in 

the basin to file claim for groundwater use, as part of determining the extent of subsur&ce 

or subflow. The Special Master hears adjudication cases, quantifies, prioritizes validly-

existing water rights, and recommends a final decree of water rights to the Superior Court 

judge presiding over the adjudication. 

3. Holder of Water Right, may participate in the process of developing administrative 

rules by ADWR. May seek grants for conmiunity-based projects, from CEC and others, to 

promote integrated approach to ecosystem management and sustainable use of water and 

natural resources important to basin as a whole. 

Landowner, under the current Water Code and absent any groundwater permitting system 

in the basin, groundwater right is directly created by landownership in the basin, with no 

restriction and no need for permit. 

Streamflow Appropriator. asserts perfected water rights and the ability to protest granting 

additional rights to appropriate, or change in the point of diversion of existing right, when 



125 

rights are implicated. State judiciary is yet to determine quantity and priority of these 

rights as a result of the adjudication. 

Prospective Appropriator. has ability to perfect stream or instream flow rights if 

streamflow water is available for appropriation. Perfecting instream flow right 

(certification process) may take up to four years, for winch the regulator issues a permit to 

appropriate instreamflow. The burden of providing information, as part of the certification 

process, faUs on prospective appropriators. 

Holder of Federal Land Reservation-, federal reserved rights were created to insure that 

Indian lands and public lands withdrawn fi-om the public domain by the government for 

particular purpose would have adequate water to fiilfill its purpose. The quantity of 

reserved right is restricted to the amount necessary to fiilfill the specific purposes of the 

reservation. Congress waived federal sovereign immunity in stream adjudication in state 

courts when federal water rights are implicated. The GRIC reservation dates back to 

1859, and is entitled to divert sufficient water to fiilfill the purpose of the reservation. 

GRIC reserved right may be quantified and prioritized as a resuh of the adjudication. 

Since the right was not created under state water law, it retains its validity and seniority 

regardless of whether the GRIC have put water to beneficial use. GRIC could also claim 

rights under the Aboriginal Use Doctrine, which is based on evidence of irrigation usage 

by the Hohokam Tribe as long as 2000 years ago (Brown and Caldwell, 1984). According 

to Supreme Court ruling in Ceq>paert v. UnitedStatesn, 426 U.S. 128 (1976), GRIC has 

the right to prevent groundwater pumping that diminishes surface water flow, to protect 
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hs reserved rights even though such pumping was lawfiil under state law™. 

Information 

Prospective applicant for instream flow right must supply the r^;ulator with 

information about land ownership, location and amount of water requested (measure of 

beneficial use, which must be consistent with available streamflow and the proposed use), 

and must also give a notice to people who may be affected by appropriation. 

Holder of Federal Land Reservation produce and share information on the reservation, its 

practicable irrigable acreage, to quantity of water needed to fulfill purposes of the 

reservation. Produces information on the share of the river in its claim for federal reserved 

water rights, and on the impact of groundwater pumping in the basin on the river's sur&ce 

water flow. 

Regulator: produces information on individual stream flow appropriators in the basin, and 

develops analytical tools to show the impact of groundwater on instream flow of SPR. It 

also establishes criteria for determining groundwater assumed to be a subflow subject to 

appropriation, and evaluates San Pedro watershed wells which might be affected. 

At this time there is sufiBcient information on ground and surface inter&ce and the impact 

of groundwater pumping on both groundwater stock and the surface water regime of the 

river (Freethey, 1982; Jackson et al., 1987; Putman et al., 1988; University of Arizona, 

^ GRIC sued starting in 1978 in federal and then in state courts to restrain the 
public use of tributary groundwater of USPRB, and was successful in expanding the scope 
of adjudication to include groundwater pumping in the basiiL 
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1991; Vionnet and Maddock, 1992; ADWR, 1994; Mac Nish, 1994; CoreU et al., 1996; 

Shanna et al., 1997; and Mac Nish 1998). The most notable lack of information is related 

to attribute material damage of streamflow diminution to individual groundwater pumping 

activity, due to the separation of damage from action by time and space. 

There is fresh information on the environmental assets of SPRNC A and the crucial 

role shallow groundwater and streamflow pl^ in the maintenance of these assets. 

However, there is lack of information about the economic values generated by use and 

non-use of these assets, including existence and intrinsic values that can be generated by 

SPRNCA, which can be crucial not only for protection of SPRNC A, but also for the 

provision of goods and services generated by its assets. There is also a lack of information 

about the technical and economic feasibilities of watershed management measures being 

proposed by USPP to augment groundwater resources in the basin. 

Aggregation 

The Maricopa Superior Court which is handling the adjudication adopted criteria 

for determining the extent of tributary groundwater in the subbasin (definition of subflow 

or subsurface flow), but it was challenged and appealed to state Supreme Court, which is 

yet to render an opinion on this issue. Pending court decision, no changes in surface or 

ground water use rules. 

PayofT 

Arizona taxpayers pay the costs for the lengthy adjudication and for generating 

more information about the hydrology and the ecology of the basiiL 
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CELIPTER5 

WATER RESOURCES USE PROBLEMS IN THE BASIN 

5.1. Operational Choice Level Problems in tiie Subbasin 

Equation (3-4) of Chapter Three reveals the presence of two types of operational 

choice level problems, externality and depletion, both of which can be considered as two 

sides of the same coin, and result from groimdwater pumping in the basin. Capture of 

streanafiow water by wells, (AR + AD), represents and external cost imposed by pumpers 

on streamflow ^propriators, while the change in groundwater stock, -AS, represents a 

depletion of that resource. Depletion of a tributary (regional) groundwater aquifer directly 

influences the hydrologic conditions of the river and its underlying floodplain alluvium. 

Both the regional and floodplain aquifers are vital components for the preservation of the 

rich and biologically-diverse riparian habitat of SPRNCA. This situation gives rise to 

another problem described in the IAD framework, namely the underinvestment in the 

provisions of public goods and services, or environmental assets, of SPRNCA. Finally, the 

&ct that this closely related and interconnected system does not have an adequate quantity 

of water to satisfy incompatible uses in the area, under the current conditions, gives rise to 

the fourth water resource problem, maldistribution. All of these problems are related and 

arise jointly. Why these arise in the basin will be discussed in greater detail in the 

remainder of this chapter. 

S.1.1. Depletion of Groundwater 

Groundwater is best considered as both a stock, subject to depletion and virtual 
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exhaustion, and a flow, which is renewable. The stock portion is the vohune of water 

stored in the regional aquifer, while the flow portion refers to the amount that annually 

recharges that aquifer and the volume removed from it. Both of these aspects must be 

considered in understanding and analyzing the depletion problem. 

AnalyticaOy, groundwater resources are best held as state property, because th^ 

can not be effectively partitioned, nor can effective private property rights be established 

for them. However, in Arizona, groundwater was traditionally considered to be private 

property appurtenant to the overlying land^. The right to use the resource belongs to the 

overlying landowner, who could not sell the right apart from the land. The use, however, 

is subject to the "reasonable and beneficial use" doctrine, which permits the landowner to 

withdraw water from the subjacent land for reasonable use on the overlying land without 

^osure to liability for harm to a neighbor's water supply. "Reasonable" is detemained by 

where groundwater is used, with no regard to quantity of groundwater pumped, as long as 

the use does not constitute an intentional, malicious harm to adjacent landowners' use of 

groundwater (Leshy and Belanger, 1988). Under the present groundwater rules, each 

landowner in the basin can complete a well and pump as much water as can be put to 

beneficial use, virtually without any restriction, save that on export. Since no landowner 

This is the case in the subbasin, in spite of clause which implies that all water in 
Arizona, including groundwater, belongs to the state, but people can own the right to use 
it. This may give groundwater resources in the basin some qualities typical of common 
pool resources, in which Hotelling rent is dissipated leading to Harding (1968) tragedy of 
the common (because of rivalry). 
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can be excluded or denied access to groundwater, weU owners will continue their use to 

the level where the marginal benefits of groundwater use equals or exceeds the marginal 

costs of a given unit of pumping^. Pumping groundwater fi-om the regional aquifer, at a 

rate far exceeding the rate of replenishment, has resulted in a cone of depression, which is 

currently expanding in both depth and areal octent in the Sierra Vista-Fort Huachuca area. 

The cone of depression represents groundwater extraction at rate exceeding its recharge, 

and if continued at equal or increased rate, it leads to depletion of the groundwater stock -

AS^, as indicated in Equation (3-4). 

Groundwater depletion in the basin can be oq)lained in terms of a deficiency in the 

groimdwater operational choice level rules. Groundwater use in the area fits the 

characteristics of open access resource, and possesses the two main attributes. First, every 

landowner has the privilege of installing and operating one or more wells on his or her 

land in the area. The boundary rule, described in the previous chapter, is simply too 

permissive and allows every landowner in the basin to become a groundwater pumper. 

Second, each landowner is fi-ee to pump an unlimited amount of groundwater, without any 

consideration to physical characteristics of the groundwater resources (i.e., the rate of 

renewal or recharge of the groundwater resource). The problem is attributed to the 

° The only costs incurred by landowners are the fixed cost of well in addition to 
the variable cost of pumping, strictly the cost of ener^. 

^ Beside other consequences such as deteriorating water quality, land subsidence 
and perhaps permanent destruction of groundwater storage. 
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authority niie which permits each landowner to pump any quantity of groundwater that 

can be put into "reasonable" use, which the law currendy defines in terms of where the 

groundwater is being used, rather than how much of it is being pumped. 

Resolving the depletion problem requires changes in the operational choice rules to 

create barriers to entry into the position of groundwater pumper and to limit the aggregate 

quantity of groundwater pumped. Restructuring and re-assignment of groundwater rights 

to create barriers to entry, can be achieved through changes in the existing boundary rule 

to limit entry to those who have the authority to pump. On the other hand, limiting the 

aggregate quantity of groundwater pumped by right holders can be achieved through 

changes in the existing authority rules. The state, in principle, has adopted these changes 

successfully in areas which experienced severe groundwater overdraft by changing 

boundary and authority rules with respect to groundwater pumping in established AMAs 

under the provisions of the 1980 AGMA. 

5.1^. Externality 

Groundwater pumping in excess of recharge also causes an externality problem. 

Such over-pumping causes a depletion problem in the Sierra Vista-Fort Huachuca area, 

where the regional cone of depression is located. The externality problem occurs fer away, 

at the river, where the effect of such pumping is being felt in a 50 to 66 percent diminution 

in baseflow. But due to the slow movement of groundwater (average of 23 feet per year), 

such diminution is due to pumping years ago, which represents a temporal externality, as 

well as a spatial one. As Equation (3-4) indicated, groundwater in the basin does not only 
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deplete the groundwater stock, it also diminishes streamflow of the river, which is 

explained hydrologically in terms of capture, (AR + AD). Capture is the harm imposed 

upon users of river streamflow by groundwater pumping, primarily in the Sierra Vista-Fort 

Huachuca area. This harm is a direct result of the cone of depression created by 

groundwater depletion, \^ch expanded in areal extent, as far as the stream of the river. 

This implies that groundwater pumping activities are diminishing the streamflow of the 

river and could potentially bring such flow to a virtual halt, if such activities are to 

continue and expand. The cone of depression is capturing groundwater in two ways. First, 

it captures groundwater flow that otherwise would have discharged to the river's stream 

(groundwater moves toward the cone of depression rather than the SPR stream), which 

represents a reduced groundwater discharge to the stream, AD. Second, it induces an 

increase in seepage from the river's stream into the aquifer, which increases surface water 

recharge from the river to the aquifer, AD, due to a reversed gradient between streamflow 

and groundwater table. 

As a result of continued and excessive pumping in the subbasin, the baseflow 

(which is a groundwater discharged from the tributary groundwater aquifer to the stream) 

of SPR has diminished by 50 to 66 percent, something which has been confirmed by all 

studies of the area, including those carried out by ADWR (Freethey, 1982; Putman et al., 

1988; Corell et al., 1996; W&EST, 1996; Sharma et al., 1997). These studies also predict 

that if groundwater pumping is to continue at the current rate, the baseflow discharged 

from the tributary groundwater aquifer will cease, which will stop the perennial flow of the 
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river. 

The harm caused by groundwater pumping is two fold. First, the sur&ce water 

flow of the river which is claimed by streamflow appropriator (GRIC, St. David Irrigation 

District and Pamorene Water Users Association) is jeopardized. Second, the decline of 

shallow groundwater in the floodplain alluvium (the conduit of interaction between the 

river and its tributary deep aquiftr) below the root zone of the phreatophytes and other 

vital elements of the riparian forest, which are the back bone of the riparian habitat within 

SPRNCA^. 

Capture is the negative, technological, uncompensated, groundwater-caused harm 

by reduced streamflow to senior appropriators and to users of the riparian area. This harm, 

which is an external cost, affects the well-being of surface water appropriators and the 

riparian habitat, whose existence is dependent on maintenance of instreaflow of the river. 

These external costs include the value of diminished river's streamflow which 

appropriators are entitled to divert under the state's surface water law. In addition, the 

cost associated with the sharply reduced or lost biologically diverse riparian habitat 

located within SPRNCA (home for at least two species on the endangered species list, and 

critical for about 390 species of North American migratory birds). The shallow 

groundwater table of the floodplain alluvium is vital for the weU-being of this riparian 

Even if streamflow is diminished or becomes intermittent, the shallow 
groundwater table in the floodplain aquifer, which is recharged (at least in part) from the 
deep aquifer, is vital for the maintenance of riparian vegetation. 
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habitat. 

As shown in Chapter Four, use of streamflow or instreamflow of the river is 

subject to the doctrine of prior appropriation, and is being claimed by three categories of 

appropriators. The GRIC and BLM are claiming federal reserved rights, BLM was 

granted, m 1991, an instreamflow right under state laws, and the two irrigation districts in 

Benson subbasin (St David Irrigation District and Pamorene Water Users Association) are 

claiming streamflow under the state water law. While both federal and state systems are 

identical in relying on the doctrine of prior appropriation, they differ, however, in the 

scope of the doctrine. Under federal law, the doctrine applies to ground as well as sur&ce 

waters, but under state law, the doctrine strictly applies to the surface water regime, even 

when ground and surface waters are hydrologically connected. This is the most 

contentious issue the state has to resolve as part of the on-going adjudication, which was 

discussed in Chapter Four. GRIC has sued to assert its streamflow water right in the river 

as a federal reserved right, and consequently, the state has expanded the scope of the 

adjudication from strictly sur&ce water to include tributary groundwater of the river. The 

court attempted to resolve the eTctemality problem, when it defined "subsurfece flow" and 

accordingly requested ADWR to geographically delineate zones overlying the tributary 

groundwater aquifer, from which pumping could diminish the river's streamflow. This 

attempt, however, ended when the Arizona Supreme Court reversed course in 1993, 

denying streamflow appropriators the opportunity to assert their rights by enjoining 

groundwater pumping which might diminish the streamflow of the river. 
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Under the state sur&ce water law, appropriators cannot sue to enjoin landowners 

pumping tributary groundwater, which is the source of streamflow of the river. While 

under the "reasonable use" doctrine, landowners in the USPRB have an unrestricted right 

to pump tributary groundwater of the river without consideration of the harm such 

pumping may cause as a result of diminished or even impaired streamflow. Sur&ce water 

law does not provide appropriators, who are bearers of external costs, any opportunity to 

protect their streamflow uses. By the same token, groundwater law does not provide any 

incentives for landowners to take into account the impact of pumping in their decision 

making. This bifiircated ground and sur&ce water legal system, which defies modem 

hydrologic understanding by ignoring the hydrologic connection of ground and surface 

water ^stems in the basin, is the institutional reason for the rise of the externality problem 

in the area. 

One way of eliminating externalities is to internalize the external costs generated 

by landowners. Existing institutions do not do so. Such internalization requires adoption 

of institutional rule changes in existing ground and surface water institutions to create 

incentives and/or penalties for imposing external costs. Existing groundwater rules do not 

provide a role (or, in institutional analysis tenmnolo©f, a position) for streamflow or 

instreamflow appropriators, simply because the scope of this institution is narrow and 

limited to tributary groundwater. If the scope is expanded to include surface water, then a 

position can exist for streamflow appropriators, and the boundary rule will permit those 

who use sur&ce water to enter the position. Expanding the scope also will permit an 
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authority rule which allows appropriators to be &ee from any socially undesirable 

externalities, while requiring externality generators (landowners pumping groundwater) to 

consider efifects of pumping upon sur&ce water appropriators. The hydrologic reality in 

basin, which is ^ better understood today than when Arizona water laws were crafted, 

requires expanding the scope rule to bring both bifurcated institutions under one set of 

rules, simply because the division is artificial and both groundwater pumpers and 

streamflow appropriators are sharing one body of water (the deep aquifer), not two as the 

existing institutions presume. Such an «q)ansion in the scope rule is necessary to give a 

position to streamflow appropriators along with the necessary authority to assert and 

protect their vested water right. 

5.1.3. Maldistribution 

As previously discussed, groundwater pumping in the Sierra Vista-Fort Huachuca 

area resulted in diminished streamflow of the river, which is fiiUy appropriated and 

considered critical for the preservation of the riparian habitat. Scarcity of streamflow and 

the intense competition for the limited water necessary to sustain such a flow is 

characterized as a maldistribution problem, since there is not enough water to preserve the 

SPR streamflow and the cultural water uses in the basin. The problem arises because 

streamflow appropriators lack the ability to control the flow of benefits of their vested 

water rights, and are unable to enjoin harm to their rights. 

This problem was fer more obvious during the 1980s, when large irrigation 

operation was taking place in the floodplain alluvium, most of which constitutes SPRNC A 
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today. Irrigation was sustained by pumping groundwater fix)m the shallow groundwater 

aquifer, which is critical for the maintenance of the river's baseflow. The situation was 

eased by the BLM irrigated land acquisition in the floodplain alluvium, and the retirement 

of its irrigation water use, which resulted reduction of cultural water use since then by 

about one half 

Externality and maldistribution problems are similar, and some economists 

consider externality to be a special sub-set of maldistribution problem. The difference 

between externality and maldistribution in the basin is the separation of cause and effect by 

both time and space in the case of externality, as discussion in the previous section 

indicated. Since pumping from the shallow floodplain aquifer has an immediate and 

pronounced effect on the streamflow, therefore, no separation in time or space exists 

between cause and effect, and the problem is more characterized as maldistribution rather 

than externality. 

The recent trend of expanding irrigation water use on the outskirts of SPRNC A 

and within the floodplain alluvium, represents a recurrence of the maldistribution problem. 

As mentioned previously, existing institutions lack the capability to deal with the 

externality problem, and therefore, they lack the capability to address the maldistribution 

problem as well. Both streamflow and instreamflow rights are pooriy defined, since 

existing institutions do not acknowledge l^drologic connectivity between ground and 

sur&ce water and the fact that the groundwater aquifer itself is tributary to the river. The 

same institutions separate the responsibility for the harm imposed by pumping activities 
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from the authority to withdraw groundwater, hence, making groundwater pumpers 

unaccountable for harm associated with their actions. Efifective resolution of the 

maldistnbution problem requires elimination of the artificial division between ground and 

sur&ce water institutions, to give appropriators a position and authority to protect their 

vested water rights from non-appropriators. 

5.1.4. Underinvestment 

"Public Good" is the term given to a particular good or service that must be 

provided to all in equal amounts (no one can be excluded from consuming it), and for 

which the cost of providing it to one is as great as the cost of providing it to all. Since 

public goods can not be withheld, th^ cannot be sold to make profit, thus they must 

always be provided by government. The problem arises due to the difiBculty in determining 

the amount of public good to be produced, because no one must pay, and therefore, no 

one will disclose what the good is worth to him or her. 

SPRNC A was acquired by the federal government for the purpose of preserving, 

enhancing, and enriching the biodiversity of this unique ecosystem along the river. This 

action was taken shortly before the United Nations Convention on Biological Diversity ^ 

came into force in December, 1993. Biodiversity is important for three reasons. Lack of 

biodiversity can reduce the long term sustainability of species. This is known as the 

^ The Convention followed discussions at the 1992 Rio de Janeiro Earth Summit, 
which sought to ensure biodiversity, sustainable use of natural resources, and equitable 
sharing of the benefits of biodiversity. 



139 

contributory value. Biodiversity is also important for those who may value it as an end in 

itself^ which is known as existence value. Finally, genetic diversity provides the building 

blocks for the human and all other species, in terms of survival and well-being. This is 

known as the commercial value of biodiversity (DevUn and Grafton, 1998). In this 

research, the focus is on existence value of biodiversity. 

Existence values are placed on environmental goods and are unrelated to any 

actual and potential use of the resource (Krutilla and Fisher, 1985). These values, are also 

known as "intrinsic" value or "passive use" value. They are blurred values and hard to 

define because they are not related to vicarious benefits (willingness to pay) to preserve 

the environment for the benefit of others, nor are they bequest values (Pearce and Turner, 

1990). 

Values are usually derived fi'om use of a good, but the existence value of an 

environmental good is unrelated to any actual or potential use of the good. Since existence 

value caimot be explained by conventional motives, economists suggested two motives for 

these values. First, altruism, which is a sympathy or caring for people or species. Altruism 

can be explained in the traditional economic model of rational decision maker, in which the 

individual maximizes utility, by saying altruism gives utility to the giver, and the utility of 

the giver depends on the utility of other people or beings. This avoids considering other 

motives that may be relevant to explaining existence value, such as asserting that non-

human species have rights, and that when people &q)ress an existence value unrelated to 

their own, th^ are voicing those rights, because the species in question can not do so. If 
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this is a motive, it causes a problem to the rational decision maker, which assumes that 

actions are motivated onfy by utility maximizing &ctors. This means that it will not be 

possible to explain the world in terms of utility maximization, nor prescribe policy on the 

basis of maximizing utility or benefits, since the rights of others have superior moral 

standing over utility maximization. This may explain, in part, existence values are not 

widely considered. If society seeks to allocate resources so as to maximize the utility of 

individuals in society, then they will be considered when they are altruistically based. 

The second motive for existence values is stewardship, which is based on the idea 

that the earth is something &r more important than the people it supports, and that its 

population has the responsibility to see that it survives. The implication is that individual 

wants may have to be sacrificed to some greater good, an idea which is controversial and 

surprising to some (Devlin and Grafton, 1998). 

Pearce and Moran (1994) presented a taxonomy for total environmental resource 

valuation (TEV), which consists of use value (UV) and non-use value (NUV). UV, which 

arises from actual uses of a given resource, is fiirther divided into direct use values 

(DUV), indirect use values (lUV), and options values (OV). OV involves no present use 

of resource, but in contrast to existence value, it involves a potential future use, and 

therefore, it represents an individual's willingness to pay to safeguard a resource for fiiture 

option use. NUV, which is more problematic, is usually divided between a bequest value 

(BV), and existence value (XV). BV measures the benefits accruing to an individual from 

the knowledge that others might benefit from the resource in the fiiture. XV is unrelated 
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to current use or option values and derive from the mere existence of particular species or 

resource. 

Since a resource produces a stream of benefits (aesthetic, financial or recreational) 

over time, the total economic value (TEV) of such a resource is the sum of all use and 

non-use vahies, as presented in Equation (5-1): 

TEV = UV + NUV = (DUV + IUV + OV) + (XV + BV) (5-1) 

Although markets reveal DUV, and available valuation techniques can produce good 

estimates of lUV, isolating OV, BV and XV are usually problematic. The economic 

approach attempts to maximize the TEV of a resource by including both UV and NUV". 

Exclusionary rights to many of the goods and services provided by a resource such 

as SPRNCA, cannot be established or enforced. Therefore, they are provided by the 

government, due to their public goods characteristics (non-rivalry and non-®cclusion in 

consumption). Since many people believe that unique environmental resources of 

SPRNCA must be preserved, the Congress established the conservation area in 1988. 

Many of these views are not associated or motivated by any current or future use of 

SPRNCA's resources. These important non-use values are existence values, and although 

they reflect spiritual, moral, and ethical values associated with preservation of SPRNCA, 

^ In spite of the inclusion of UV and NUV in the valuation of TEV, many 
ecologists argue that the TEV concept does not capture all economic values of 
environmental resources, and that TEV does not tell the whole economic story, because, 
in some sense, there must be a value for the "glue" that holds everything together, and that 
glue has economic value, but is not included in the TEV. 
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they need to be added to traditional use values to get the total economic value of 

SPRNCA, as suggested in Equation (5-1). 

The inability to racchide anyone from receiving existence value represents a total 

absence of boundary rules to control entry into the position of resource user. Existence 

values of SPRNCA and any of its constituent resources resemble an "open access" 

situation. But unlike open access which characterizes groundwater use in the basin, there 

is no reason to exclude any user because additional uses involve no additional cost and do 

not deplete the SPRNCA or any of its resources. Furthermore, non-rivalry in consumption 

of these resources (representing the payoff rules which states that the marginal cost of 

additional resource uses is zero) provides that use of these resources by an one person 

does not diminish the amount used by another person. As a result of these characteristics, 

the NUV of SPRNCA and its resources will tend to be ignored and TEV will be 

underestimated at best^. Furthermore, since SPRNCA and its resources are incapable of 

generating revenues due to the inability to charge for receipt of XV, public investment 

^ There is a host of other reasons why TEV are underestimated, and therefore, 
the provision of public goods, such as SPRNCA, are underproduced. First, TEV considers 
conservation value from the individual's standpoint and it ignores the social standpoint. 
Second, both UV and NUV may reside, sometimes partially as in the case of SPR, in one 
or more nations (global assets), and often the divergence between social, global and 
private returns does much to explain why the provisions of these resources in general, and 
biodiversity in particular, are being underproduced or reduced. Third, valuation methods 
will often underestimate the true economic value, because the probable ^ure to measure 
primary life support fimctions, which is di£5cult to recognize until some disastrous event, 
such as the dewatering of the Santa Cruz River and destruction its riparian habitat, have 
happened (Devlin and Grafton, 1998). 
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becomes necessary to produce them, and the public investment itself becomes problematic, 

due to the absence of prices or market signals to indicate benefits generated by different 

levels of these investments. As a result, the value of these resources will tend to remain 

unmeasured or underestimated. Also, because they are costly to manage and maintain, 

these resources will be underproduced, because their level of provision is based on 

political rather than on economic considerations. 

The solution to this problem, then, is to produce better information (through 

adoption of an information rule) about the magnitude of existence values of SPRNCA and 

its associated resources and to use such information in determining the efiBcient level of 

production. These values are held by individuals who are far away and never seen the 

SPRNCA or its resources, as well as by those who live within a close proximity to 

SPRNCA. Therefore, it is safe to assume that existence values for this unique area (and its 

riparian habitat which is vital for many bird species throughout North America) are held by 

many millions of individuals in the United States, Canada, Mexico, as well as, in other 

parts of the world. If the government, the producer of public goods of SPRNCA, is to 

consider the fiill extent of TEV represented by these goods, it may be possible to justify 

the higher cost of providing a higher level of these goods, and even the higher cost of 

preservation and enhancement of SPRNCA, which produces such goods^. 

^ Perhaps even justifying the costs of trans-basin or boundary water transfer to 
protect SPR streamflow and preserve SPRNCA. 
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5 .̂ Estimates of Existence Value Associated with SPRNCA 

For the purpose of this research, existence values for SPRNCA held by United 

States residents will be estimated according to three different scenarios. Each scenario is 

based on a previous study to estimate existence value for endangered species (SPRNCA is 

home for few species on endangered species list) or for the preservation of a unique 

habitat analogous to SPRNCA. A number of studies have been reviewed for this purpose 

are summarized in the APPENDIX. Three of these studies were selected for their 

estimates of existence vahies that can be used to estimate existence value for SPRNCA. 

Each of these three studies is briefly discussed below and is used to estimate SPRNCA's 

existence value. Estimates are presented under Scenarios I, n, and m, and are based on 

the assumption that at least 10 percent of the United States households hold existence 

value for SPRNCA, or any of its endangered species, and the 1996 total number of U.S. 

households of 101,018,000 and a median household income of $35,492 (U.S. Census, 

1996). Results of these estimates are presented in Table 5-1. Note that these values are 

considered to be conservative, since they are based on 10 percent of U.S. households, and 

if residents of Canada and Mexico, and even other countries are to be considered, these 

values could be even higher. 

5.2.1. Scenario I 

Kirchhoflf (1994) estimated the non-market benefits using the method which 

distinguishes UV and NUV components of TEV. It measures NUV portion by asking 

respondent how much of their original willingness to pay (WTP), TEV, they still would be 
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willing to pay if they were denied access to the resource, assuming that they fully 

understand the no-access scenario. The study did not attempt to measure XV of non-users 

for the preservation of streamflow and riparian habitats in both the Ramsey Canyon 

Preserve^ and SPRNCA, which is likely to be substantial, given the fact that the majority 

of Arizona's riparian habitats have ah'eady been lost to consumptive water uses. Kirchhoff 

, asked a sample of visitors to the preserve and SPRNCA to express a one time sum to a 

non-profit organization in order to avoid decrease in site quality due to significant 

decrease in streamflow level. She estimated aggregate WTP for the 28,000 visitors of the 

preserve and 9,800 visitors of SPRNCA" in 1992, and reported that the individual bid on 

average was 0.12 to 0.1S percent of annual income of each visitor. She also reported that 

existence value accounted for more than 67 percent of the aggregate WTP. 

Using the range of average individual bids, 0.12 to 0.15 percent of annual 

household income, of which 67 percent represents existence value, then existence values 

for the SPRNCA (using the 1996 estimates of U.S. households and the median income for 

each), the range of existence value for SPRNCA, under this scenario is $288,260,600 to 

$360,325,750. This means that if 10 percent of the U.S. households hold existence value 

for the SPRNCA, and that each is willing to contribute a one time payment of its annual 

® Natural preserve important for bird-watching, located in the USPRB and 
operated by Arizona Nature Conservancy. 

" SPRNCA is gaining popularity. BLM estimates the number of SPRNCA visitors 
in 1996 ranges between 90,000 to 100,000 people (Morgan, 1998). 
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income to a non-profit organization for the purpose preservation of SPRNC A, then the 

estimated existence vahie for SPRNCA ranges between $288 and $360 million. 

This estimate could be considered conservative for the foQowing reasons. First, it 

is a one-time payment based on 1996 estimates. If such an estimate is to be considered for 

a 10 or 20 year planning period, while accounting for the increase in population and the 

increased awareness of the vahie of SPRNCA, then the vahie will much higher. Second, as 

population and leisure time iiK^ease over time, while the availability of water resources 

declines, the importance of recreational use of water will increase over time (Hansen et al., 

1991). Third, it is anticipated that the value of environmental preservation, which includes 

existence value, will increase over time, because the supply of natural and unique site such 

as SPRNCA is fixed, while akemative uses are affected by the technological changes 

(Fisher et al., 1972). 

5.2  ̂Scenario IE 

Stevens et al. (1991), estimated the average WTP for four wildlife species recently 

introduced or reintroduced to New England region, the bald eagle, the Atlantic salmon, 

the wild turicey, and the coyote. Results of this study, which were consistent with those of 

previous studies, suggest that substantial existence value is associated with these species. 

The XV (which measures the average WTP per person per year) were $19.28 for bald 

eagles, $l 1.86 for wild turiceys, and $7.93 for Atlantic sahnon. 

There are two federally listed endangered species that inhabit the SPRNCA, 
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Southwestern willow flycatcher^* (Empidonca trmlli extimus) and the Huachuca water-

umbel (Lilaeopsis schqffhericaia ssp. recurvd). The Fish and Wildlife Service (FWS) 

extended endangered species status to the jaguar [Pcmthera Oncd), throughout its range in 

Arizona, New Mexico and Northern Mexico. SPRNC A is one of the few riparian 

corridors in the desert Southwest which provides a prime forging habitat for the jaguar 

{Pcmthera oncd), although no critical habitat has been designated yet for this specie. In 

addition, there are other threatened and endangered species living downstream from 

SPRNC A, which might be indirectly affected by any deterioration in the quality of the 

riparian habitat of SPRNCA (CEC, 1998). 

Assuming that existence values exist for SPRNCA's endangered species, using the 

two estimated existence values for the bald eagle and the wild turkey in the New England 

region, a range of existence values for endangered species in SPRNCA is estimated 

between $98,242,025 and $159,705,420. Which means that if 10 percent of the U.S. 

households hold existence value for one of the endangered species of SPRNCA, and each 

is willing to pay for the preservation of such species an annual amount ranging between 

$ 11.86 and $19.28, then the annual edstence value for these species ranges between $98 

and $159 million. If a multi-year planning horizon and a series of annual payments are 

considered, then such a value would be much higher. 

SPRNCA, as a dense riparian community in the Southwest, was included as a 
designated critical habitat for the flycatcher on July 22, 1997. 
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5.2 .̂ Scenario IDE 

Mono Lake in California bears some resemblance to SPRNCA. It provides habitat 

for neariy 100 species of birds, nesting habitat for 80 percent of the State of California's 

population of California gulls, critical migratory habitat for substantial part of the world 

populations of Eared Grebes and Wilson's Phalarope. In addition, the area phis much of 

the surrounding land, has been designated by Congress as Mono Basin National Scenic 

Area (Loomis, 1987). Since SPRNCA is a similarly unique natural environment, the 

existence value estimated for Mono Lake will be used to estimate existence value 

associated with SPRNCA. 

Mono Lake was threatened by water diversion from streams feeding it. Loomis 

(1987) estimated the public trust values of preserving the lake at different levels, by 

determining the economic balancing that incorporates the value California residents place 

on maintaining Mono Lake as a viable ecosystem versus replacement cost of the water to 

the City of Los Angeles. Loomis estimated the average WTP for the lake's preservation at 

$115 per household per year ($1.5 billion per year on the aggregate), 79 percent of which 

was associated with existence value. Total aggregate value exceeded total cost of 

preservation, which included water and hydropower replacement cost to the city of Los 

Angeles. 

Loomis (1988) utilized the public good literature to argue that the concept of 

existence value should be broadened and used more often. He made an empirical 

comparison of option and existence values calculated under two assumptions (first. 
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individual may hold either option or existence values but not both; and second, the 

individual may hold both values) for Mono Lake in California. Respondents who indicated 

that th^ were veiy unlikely to visit the lake reported 93.7 percent of their WTP, or 

$63.08 as existence or bequest values and only 6.3 percent, or $4.24 as option value. 

The existence value for SPRNCA (using Mono Lake existence value of $63.08) 

then $637,221,540, which means that if 10% of the U.S. households hold existence values 

for SPRNCA and each is willing to pay $63.08 for its preservation, then the annual WTP 

for the existence of SPRNCA will exceed $637 million. Again, this amount is considered 

conservative, considering that it is only for one year (it will be much higher for a multi-

year planning horizon). 

Table 5-1. Estimates of Existence Value for SPRNCA or its Endangered Species. 

Existence Value (Millions of Dollars) 

Scenario I (based on bid to avoid decrease in quality of SPRNCA, 
due to significant diminution of San Pedro River baseflow) 

$288 to 360 

Scenario n (based on existence value for two species on the 
endangered species list) 

$98 to 159 

Scenario m (based on preservation of SPRNCA as a unique 
riparian habitat) 

$637 
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CHAPTER6 

SAN PEDRO WATERSHED MANAGEMENT INITIATIVE 
(SPWMI) 

6.1. Introduction 

The 1992 UN Conference on Environment and Development held in Rio de 

Janeiro brought into focus the global aspect of environmental issues and stressed the need 

for continued action, especially in the protection of biological diversity, for which 156 

countries, including the U.S., signed a Convention on Biological Diversity, aiming to 

protect biodiversity and restore damaged ecosystems. Many countries have began to 

develop policies in response to the Convention. In signing NAFTA, which was the first 

substantial trade agreement to address seriously the connections between the environment 

and development, the parties have promised to "strengthen the development and 

enforcement of environmental laws and regulations". The culmination of this effort 

resulted in the creation of CEC, as an international organization, under the North 

American Agreement for Environmental Cooperation (NAAEC), which is a side 

agreement of NAFTA created to address regional concerns, help prevent potential trade 

and environmental conflict and to promote the effective enforcement of environmental 

laws. Since its inception in March 1994, the CEC was given the objective of facilitating 

cooperation on the conservation, protection and enhancement of the environment in 

NAFTA's counties, and is viewed as a substantial potential contribution to sustainable 

development. 
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In August 1996, CEC recognized SPRNCA as an 'Important Bird Area (IBA)" of 

concern to the signatories of NAFTA. SPRNCA was among 3 sites (one in each country) 

selected, which represents the beginning of North American network of IBAs. The 

information gathered on these sites is to help agencies in the 3 countries develop domestic 

and international conservation strat^es to ensure that migratory and domestic birds are 

protected throughout their range. In May 1997, CEC launched an independent study to 

examine water problems in SPKMCA, where diminishing water supplies is one of the 

major challenges facing the border region, which may cause further cross-border conflicts, 

harm the environment, and become a real obstacle to economic development. This study 

aims to assess how the region can ensure sustainable use of water. In June 1998, CEC 

published its first draft report followed by an Advisory Panel Report. 

6.2. SPWMI: An Emerging Trend 

Effective watershed management allows for a given "adequate" renewable water 

resource to be used to satisfy multiple uses on a sustainable basis, and results in 

sustainable economic development (Heathcote, 1998). Sound watershed management 

practices are based on better understanding of both the natural and the social environment 

(Lord, 1993). Sound watershed management is holistic and it focuses on both 

development and sustainability of natural resources in a given ecosystem. In addition, 

current advocates often stress that it should be locally based, that it should adopt multi-

objectives, that it should seek the participation of all stakeholder groups, government and 

non-governments, and it should be responsive to both local and national interests in 
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environmental protection and sustainability (Heathcote, 1998). This new emphasis 

responds to a perception that overcentralization of water management has &iled and there 

is an increasing demand for alternatives based on locally-responsive systems at the 

watershed level, emphasizing achieving locally-rational and efficient use of water (Lee, 

1992). 

The newly adopted strategy by ADWR to address water issues in different parts of 

the state, which is based on forming collaborative groups (e.g., USPP) concerned with the 

development of water resources and improvement of their management, represents a 

move in this direction on the part of the state. The objective of USPP is "to coordinate 

and cooperate in the identification, prioritization and implementation of comprehensive 

policies and projects to assist in meeting water needs in the USPRB". Such collaborative 

groups, with concerns for management and restoration of watershed resources, represent a 

newly emerging trend in the modem era in the development of alternative strat^es to 

address the current and future water and natural resource problems (Kenney and Lord, 

1999). 

Since the basin is currently in state of water deficit, which threatens the 

sustainability of the unique and biologically-diverse ecosystem of the river, USPP 

endeavors to implement watershed measures that could develop a sustainable water supply 

and maintain the economic well-being of the area, while protecting the fiiagil ecosystem in 

the basin. SPWMI alternative is based on most USPP proposed measures, which include, 

among other things, designating the basin as an Irrigation Non-expansion Area (INA) 
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under the 1980 AC^^fA, improving and increasing groundwater recharge through efiBuent 

and storm runo£^ relocating groundwater pumping away from the river to protect 

streamflow, and importing groundwater to augment local water supplies. An INA is being 

proposed as a mechanism to reduce or eliminate water-intensive and low economic value 

irrigation water uses (which recently started to show an increasing trend), and thereby 

reduce, and potentially eliminate, groundwater depletion due to irrigation uses. 

The purpose of this chapter is to evaluate whether the institutional changes 

proposed as part of SPWMI might be adequate to resolve the four water and related 

natural resource problems in the area. As part of this evaluation, it will seek to reveal 

institutional deficiencies, if there are any, which would prevent or limit the ability of this 

alternative to address these problems. 

6.3. Major Provisions of an INA 

The Director of ADWR, with local support, has the authority to designate a basin 

as an INA, if the Director determines that an AMA designation is not necessary and there 

is insufficient groundwater to provide a reasonable safe supply for irrigation of the 

cultivated lands in the area at the current rates of withdrawals (ARS 45-432.A). The INA 

can include more than one groundwater subbasin, but can not be smaller than one subbasin 

(ARS 45-432.B). The basin also can be designated by petition of least ten percent of the 

local registered voters and subsequent election (ARS 45-433). Although the 1980 AGMA 

does not place any limitation on the scope or purpose of the designation, many interpret 

this lack of limitation as an intended flexibility to establish wide ranging management goals 



154 

for different areas with specific needs (CEC, 1998). 

6 .̂1. The INA Management Goal 

The goal of the proposed INA is to limit agricuhural water withdrawals to protect, 

among other things, the fi-agUe riparian ecosystem of SPRNCA, which is threatened by 

groundwater use in the basin. The AC^iA del^ated to the Director of ADWR a wide-

ranging set of authorities to manage and administer water related programs to stabilize the 

use of the state's water resources (ARS 45-102). The Director has general control and 

supers^on of surface and groundwater to the extent provided by the Act (ARS 45-

103 .B). This authority, which extends to designation of an INA for the purpose of 

protecting SPRNCA fi'om excessive irrigation use, was granted to allow the Director a 

considerable discretion with problems raised by managing the state's water resources 

(Leshy and Belanger, 1988). 

6 .̂2. Water Rights in an INA 

Landowners actively irrigating land, who can demonstrate continuous historic use 

for a period of five years preceding the INA designation, will be granted rights to continue 

pumping groundwater for irrigation uses on existing acreage. This right is called a notice 

of authority (NO A). Bringing any acreage without a NOA under irrigation thereafter is 

prohibited. Irrigation wells, other than exempt wells, within the INA must be metered, and 

owners are required to submit aimual reports to ADWR, but unlike grand£ithered rights 

within AMAs, there is no water duty or annual allotment. Evaluation of these annual 

reports is not as rigorous as in the AMAs. Establishing an INA in the basin does not 
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introduce any changes in the groundwater use behaviors of other landowners. Decisions to 

irrigate land which historically was not under irrigation are proscribed. 

6.4. Land Acquisition 

Following the designation of SPRNCA, BLM acquired and retired the then-

existing irrigation use estimated at 10,000-20,000 acre-feet of groundwater pumping 

within SPRNCA. The Nature Conservancy also acquired the remaining 500 acres of 

irrigated land. Retiring these irrigation uses resulted in a slight improvement of baseflow 

within SPRNCA (CEC, 1998). Following a trend of sharp reduction in irrigated acreage in 

the 1980s, there are signs of a reversing trend in the area, with an additional 500-900 acres 

being brought under irrigation in recent years in the Hereford-Palominas area, where the 

effects on the baseflow are most pronounced (CEC, 1998). These irrigation activities, 

which are water-intensive alfal& and pasture crops, have a groundwater deficit impact of 

1,100 acre-feet (Table 3-4). 

Retiring irrigation water use in the basin (mostly firom the shallow groundwater of 

floodplain alluviimi) is expected to have a direct, if limited, positive impact on the 

groundwater discharge to the river (Corell et al., 1996; CEC, 1998; Michael, 1998). Once 

the basin is designated as an INA, irrigated areas can be acquired or exchanged for state or 

federal land, and thus permanently retired. 

In addition, the USPP is currently considering a number of land use proposals 

designed to promote conservation and increase natural recharge. These ideas include; 1) 

preserving open space through encouraging low density land use, which would minimize 
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water use and maintain natural recharge; 2) acquire the floodplain of natural arroyos 

between mountain &onts and the river and retain them for improved natural recharge and 

wildlife habitat; and 3) eliminate groundwater piunping within the river's floodplain 

(within one mile) through federal or state land exchanges (Sundie, 1998). 

6.5. Proposed Watershed Muagement Measures 

E)d>ate about adopting watershed management practices for the purpose of 

balancing the supply of renewable water with increasing demand has been simmering in the 

area for many years. As a result. Sierra Vista and Fort Huachuca have already started to 

adopt more efiScient uses for efiSuent, with more projects planned. Although many agree 

on the need to capture and put into use more of the annual precipitation, less agreement 

exists on how efficient these practices can be and where they might be located. The 

average annual precipitation in the Sierra \%ta subbasin is 950,000 acre feet, and at a 90 

percent evaporation rate, at least 95,000 acre feet of runoff should be available for 

recharge in the basin (Mac Nish, 1998b). Yet water budget estimates show an average 

annual natural recharge rate of less than 20,000 acre feet. Therefore, many stakeholders in 

the basin assert that watershed management should play substantial role in balancing 

supply with demand by increasing groundwater recharge. 

6.5.1. Effluent and RunofT Recharge 

The court ruled ini4P.y Co. vs. John Long, 160 Ariz. 429, 773 P.2d 988 (1989) 

that effluent is neither ground nor surface water, but a special category of water not 

subject to state legislation. This ruling reduced ADWR's ability to regulate the use of 
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effluent. The court also said that '*once the producers dump effluent into a stream, it is 

open for appropriation by downstream users, however, once appropriated, producers are 

not obligated to continue such dumping". ADWR was granted authority in 1991 to 

regulate the use of effluent water that has been collected for subsequent treatment in 

wastewater fiicilities. However, the uncertainty of the right to use effluent was not 

resolved (once in the stream, it is open for appropriation, and the owner does not have any 

control over effluent, once it is discharged), which may prove to be problem for wide and 

flexible use of effluent in artificial recharge. 

The City of Sierra Vista commissioned a study in 1995 to ^lore the feasibility of 

groundwater recharge in the area. The study found two potential sources of water that can 

be used for groundwater recharge: treated effluent and tributary surface water flows 

(ASL, 1995). The study identified approximately 4,000 acre feet of sewage effluent. The 

current deficit of7,370 acre-feet per year (Table 3-4) takes into account return flow of 

effluent recharge considered in this study by the City of Sierra Vista. However, with 

improved efficiency and additional recharge^, the deficit might be slightly reduced. Since 

the increase in effluent is a direct result of increased groundwater pumping, effluent will 

not play a vital role in reducing groundwater overdraft, and therefore, ai^ meaningful 

reduction will be due primarily to increased natural recharge. The city has completed the 

^ By expanding the number sewage hookups to the wastewater system, in 
addition to captiuing some storm runoflFby the wastewater system, as has been advocated 
by the USPP (Sundie, 1998). 
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feasibility study and design for an efiOuent recharge project to be constructed between the 

river and the cone of depression beneath Sierra Vista-Fort Huachuca area, to reduce its 

impact on the river. 

The fort is currently treating and using a portion of its effluent for turf irrigation, 

and considering the conversion of existing efiOuent treatment and recharge (evaporation 

ponds) to more efficient infiltration and recharge into the cone of depression. The fort is 

also planning for an amw ial 700 acre feet of efiOuent treatment and a recharge project in the 

fort's east range (east of the I&achuca Mountains). This is part of a muhi-project effort 

designed to protect and enhance SPRNC A by improving water table levels along the east 

side of Huachuca Mountains (U.S. Army Garrison, 1997). The long term objective of the 

project is to balance the fort's groundwater withdrawal with equal amounts of artificial 

recharge. 

In addition to the major water users in Sierra Vista-Fort Huachuca area, USPP 

also promotes improving efiOuent recharge in other smaller urban centers, such as 

Huachuca City, Tombstone and Naco, throughout the basin, through direct recharge into 

the localized cone of depression underiying these areas,. 

6.5 .̂ Recharge of Storm Runoff in Sierra Vista 

The study conducted by the ASL Hydrologic & Environmental Services (1995) 

also estimated that the annual average ephemeral surface water flow through the City of 

Sierra Vista is 17,000 acre feet, which represents a potentially significant source of "new" 

water for groundwater recharge. The study found the direct use of this water not 
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economicaUy feasible and suggested a surfice water inq)rovement plan to capture and 

store large volumes of water to provide groimdwater recharge and flood control benefits. 

The study assumed 35% of the average annual flow volume (not peak discharges), or 

6,100 acre feet, can be recharged. 

6^3. Relocate Pumping Away from the River 

Mac Nish (1994) evahiated a number of scenarios involving various pumping 

intensities within a close proximity to the river. Relocating pumping away from the river 

would significantly reduce the impact on the river (in the short term of course) by 

stabilizing the groundwater table within the floodplain alluvium and improving streamflow 

in perennial reaches of the river. 

Bisbee is geographically located within Sulphur Spring watershed outside the 

boundaries of the USPRB, yet it relies on public water supply from the basin. Although, 

the Arizona Water Company, the municipal water provider for Bisbee, pumps water from 

an area east of the river, with comparatively little impact on the river, USPP proposes to 

eliminate groundwater export from the basin by assisting Bisbee in relocating its water 

pumping field into the Sulphur Spring watershed. In addition, USPP proposes to assist 

Tombstone in relocating its pumping further away from the river into an area within the 

vicinity of the town, which is thought to be more of an isolated section of the basin with 

less immediate impact on the river and the floodplain alluvium 
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6.S.4. Water Importation 

6.5.4.1. Importation of CAP Water 

In consideration of extending CAP to Sierra Vista, the Bureau of Reclamation has 

appraised the cost of importing about 22,000 acre feet of water into the area. The 

appraisal, which was preliminary, showed that the least expensive ahemative costs about 

$71 million in construction costs (in 1993 dollars) and about one million dollars in annual 

pumping maintenance and operation costs (U.S. Bureau of Reclamation, 1993). Under this 

least expensive alternative, the average unit cost is about $870 per acre foot, which does 

not include the cost of treatment of CAP water prior to delivery to municipal water 

systems. 

6.5.4.2. Importation from Douglas Basin 

A less expensive and seemingly more feasible alternative is the importation of 

groundwater from the neighboring Douglas^^ Basin, about SO miles southeast of Sierra 

\^sta (Figure 6-1). Since the Douglas INA was established in 1980, groundwater pumping 

has declined substantially from 140,000 acre feet, to a current level of less than 25,000 

acre feet, due to massive irrigated land retirement in the basin. This is believed to have 

created a groundwater surplus that can be used in the Sierra Vista sub-basin. A cursory 

analysis by ADWR suggests that importing 5,000 to 15,000 acre feet of water from 

" Douglas has a population of about 15,000 people and shares the underlying 
aquifer with the Mexican border town of Aqua Prieta, which has a population of about 
120,000. 



161 

Figure 6-1 . Southeastern Arizona Groundwater Basins. 
Source: Arizona Water Resources Assessment, Volume I, Inventory and Analysis. 



Douglas would cost approxiniatety $400 per acre foot (CEC, 1998). The quality of such 

water is siinilar to that found in the basin and it is assumed that it can be readily delivered 

to municipal water systems in the basin without additional treatment. 

There are two main obstacles to transferring water from Douglas Basin into Sierra 

Vista subbasin. First, under Arizona law groundwater transfer is prohibited to areas which 

are not under AMA rules. The AC^dA was amended in 1991 to further prohibit 

groundwater import to established AMA (ARS 45-544), except in situations specifically 

and explicitly authorized by the legislature, and subject to payment of damages to the area 

of origin. To enable such a transfer, therefore, legislation is needed to authorize such a 

transfer, regardless of whether the sub-basin is an INA, an AMA or neither. Second, there 

might be an international barrier to such a transfer as well^. The groundwater aquifer 

undeilying the Douglas Basin straddles the U.S. Mexico border and is considered the 

primary source of water supply for the city of Aqua Prieta on the Mexican side of the 

border. Groundwater plays an important role in the border economy (Mumme, 1988), and 

it is more important on the Mexican side, due to economic expansion there after the 

signing of NAFTA. Although there is no US-Mexico treaty on the use of groundwater 

which might be violated by such a transfer, it could trigger a reaction on the Mexican side 

^ Local governments in both towns opposed the idea of water transfer. The 
Douglas City Council adopted a resolution on August 12, 1998 adamantly opposing water 
export (Sierra Vista Herald, August 14, 1998), and a similar resolution was adopted in 
Aqua Prieta. It is expected that both the U.S. and Mexican governments might be drawn 
into the matter through the United States and Mexico International Boundary and Water 
Commission (IBWC). 
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similar to a 1972 reaction in response to salinity problems'̂ . 

Amending the AC^fA seems to be the biggest hurdle to groundwater importation 

at this time. The only other barrier to groundwater mining in Douglas basin is land 

acquisition (irrigated or otherwise). Since there are no current restrictions, the source of 

pumping could be private lands or public lands managed by either ASLD or BLM, both of 

which are members of USPP^. 

6.5.4 .̂ Importation from Benson Sabbasin 

Another source of water importation being considered is the Benson subbasin, 

which is almost in a state of balance (water deficit of574 acre feet), according to HSR 

(ADWR, 1991). The source of such water could be the retirement of irrigation water use 

in this subwatershed, estimated at more than 10,000 acre feet. Although there are no cost 

estimates of water export fi'om this area, this option is likely to be the least expensive 

source of water. In addition, it requires no institutional changes to permit such transfer, 

since it is located within the USPRB. 

Although this scenario shifts the groundwater depletion problem northward, it 

" In response to salinity problem, M&dcan lined up the border in San Luis, 
Sonora with 63 wells to pump 160,000 acre feet of water. Arizona feared depletion of 
groundwater stock bene^ Yuma, Arizona. To address this matter, the groundwater issue 
was incorporated into the binational treaty on salinity, in which each country is permitted 
to pump no more than 160,000 acre feet of groundwater in the San Luis-Yuma area per 
year(Mumme, 1988). 

^ ASLD is the largest public landowner in Douglas Basin. Although public lands 
managed by ASLD are held in trust, there seems to be no barriers to export groundwater 
from land under its management (Woodard, 1999). 
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could be considered as a short term measure. Since reduction of groundwater depletion is 

critical for the maintenance of the river's baseflow, water could be imported from the 

Benson subbasin for direct delivery by municipal water providers and the fort, in Sierra 

Vista subbasin, in lieu of local pumpage. This could relieve the river from the impact of 

continued depletion, while the watershed measures to replenish the aquifer are being put in 

place. 

6.5.43. Advantages of Water Importation 

Use of imported water in lieu of local groundwater pumping could have a 

pronounced impact on the hydrologic conditions of the area. The three most importam 

&ctors are; 1) it could reduce or eliminate the need for groundwater pumping, which 

could eventually reduce groundwater overdraft; 2) it could increase groundwater recharge 

due to return flow of effluent produced by imported water, which could reduce the extent 

of the regional cone of depression in the subwatershed. 3) in the long run, and as a result 

of restoration of the water table in the regional groundwater aquifer, groundwater 

discharge into the river, which constitutes the river's baseflow, could graduaQy improve, 

and provided such conditions persist, it could reach the pre-development level. 

6.5.5. Other Watershed Management Measures 

The City of Sierra Vista and its surrounding area are served by a few large and 

many small private water companies. During the 1980s, the City considered consolidating 

these private water companies into one publicly-owned municipal water system (Brown 

and Caldwell, 1984), but the idea has never materialized. In the wake of intense pressure 
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to reduce groundwater overdraft in order to save the river and its riparian habitat, the 

issue of consolidation is being reconsidered, as part of the USPP measures (Sundie, 1999). 

Consolidation would create a municipal water provider with the single largest water use in 

the subwatershed. This measure reflects the role of USPP, as a collaborative group, in 

addressmg options for fiirther rule changes to resolve OCL problems. 

In addition, the USPP is considering a numbo' of other measures, including 

voluntary promotion and adoption of water conservation programs by cities towns and the 

county within the subbasin, adopting low density zoning r^ulation to limit growth in 

select areas of the subbasin, acquiring and protecting water-rich arroyos to improve 

groundwater recharge, improving infiltration in the existing detention basins along Buf^o 

Soldier Trail, and exploring the viability of additional detention basins. 

6.6. Problem-Solving Strategies Under SFWMI 

6.6.1. Rule Changes 

The proposed measures presented in this alternative result in changes to the OCL 

rules. These changes are listed below. 

Scope; use of ground and imported water within the Sierra Vista subbasin. 

Position: 

1. Landowner 

2. Irrigated Lanĉ jwner 

2. Administrator 

Boundary 
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2. Irrigated Landowner. landownersfaip with NOA, granted by ADWR. No NOA to land 

not irrigated for previous five years. 

No change in this rule for the other two positions. 

Authority 

1. Landowner, groundwater withdrawal is still subject to the common law's "reasonable 

use doctrine", which gives the overlying land owner the right to withdraw groundwater 

for any beneficial use on the oveiiying land short of actual waste. Any use ofif the land is 

considered unreasonable unless it is for purposes incidental to the beneficial eqoyment of 

the land. All non-exempt wells are required to be metered and owners must submit annual 

reports to ADWR. Land without a NOA can not be brought under irrigation. 

2. Irrigated Landowner, only acreage granted NOA can be irrigated. Pumping is still 

subject to the common law's "reasonable use doctrine", which gives the oveiiying land 

owner the right to pump groundwater for beneficial use on the overlying Ismd short of 

actual waste. Wells must be metered. Must submit annual report to ADWR. 

3. Administrator. ADWR enforces compliance with non-expanded irrigated land 

provision, in addition to well metering, drilling, construction, and registry regulations. 

Reviews annual reports submitted by landowners pumping groundwater. Could provide 

technical and financial support for Umdawners adopting watershed management practices 

to improve groundwater recharge. 

Information 

1. Landowner, report annual pumping fi-om non-exempt wells to ADWR. There is obvious 
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lack of information on economic and technical feasibility of proposed watershed 

management techniques to mcrease groundwater recharge. 

2. Irrigated Landowner, report annual withdrawal to ADWR. 

3. Administrator. ADWR collects information on annual groundwater withdrawals by 

non-exempt wells, which is an improvement on the existing information rule. There is lack 

of information on technical and economic feasibilities of many groundwater recharge 

techniques being proposed. 

Aggregation 

Landowners are pimiping groundwater at will, until the marginal benefits of 

pumping are equal to or exceed the marginal cost of pumping. Groundwater pumping 

results in overdraft by 7,370 acre feet (the year 2000) and a diminution of streamflow by 

at least 50 percent. 

AS = (AR + AD) + (Dm + DJ 

where; 

AS; depletion or groundwater overdraft (the reduction in regional aquifer stock) 

D^; municipal groundwater discharge 

D^; agricultural groundwater discharge 

(AR + AD); cultural groundwater pumping-induced capture. 

The only notable change in the aggregation rule is the capping of which is limited to 

the use with five years of irrigation. Retiring agricultural use could result in reduction or 

elimination of D^. 
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PayofT 

Although access to imported water is available, the cost of such water is 

substantially higher than the cost of pumping local tributary groundwater. Benefits of 

pumping tributary groundwater, which belongs to streamflow appropriators, accrue to 

landowners with wells which capture water considered to be streamflow. Subsequently, 

streamflow appropriators suffer the economic loss and foregone benefits of using water 

they are entitled to under the prior appropriation doctrine. Instreamflow appropriators also 

suffer the economic loss due to reduced streamflow, which supports environmental assets 

within SPRNCA, which include reduced or lost economic values due to direct use (UV) as 

well as non-use values (NUV), both which are supported by non-consumptive uses of SPR 

streamflow. 

6.6 .̂ Achieving Rule Changes 

Rule changes at the, for the most part, cannot be achieved under the existing 

collective choice level (will be called level two for short) rules (see Section 4.5. for details 

of level two rules), although the rule changes are relatively minor. This change involves 

creating a position for irrigated landowners and granting each one, if the criterion is met, a 

NOA to continue irrigation water use. Since ADWR at the second level lacks the authority 

to impose this restriction, then its authority must be expanded through changes in the 

second level rules pertaining to ADWR. But such a change is within the domain of actions 

of the constitutional choice level (will be called level three for short). In addition, not aU 

actors at the third level have the authority to change second level rules, and the only two 
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actors who could are: ADWR and the Arizona Legislature. The director of ADWR, an 

actor at the third level, has adequate authority under the AGMA to establish the INA and 

specify a management goal for the area. The legislature has the authority to amend the 

AGMA and establish an INA in the Sierra Vista subbasin. Other actors at this level 

(USPP, roistered voter and landowners) have some authority to request ADWR to take 

action and establish the INA. 

Although the rule changes do not include reduction of groundwater pumping and 

the use of imported water, the necessary rule changes are discussed since it is a key policy 

alternative being considered by USPP. Although regulating the transfer of groundwater 

from the Douglas basin is within the domain of ADWR at the second level, authorizing 

such importation rests with the Arizona legislature, at the third level, which must amend 

the AGMA to specifically and explicitly permit water importation from the Douglas basin 

into the Sierra Vista sub-basin. Other actors at the third level, although they lack the 

authority to amend the AGMA, do have some authority to make policy recommendations 

to bring about this change.^^ 

6.6.3. Resolution of OCX Problems 

Both Lcmdowners and Irrigated Larukfwners are still free to pump as much water 

as they can put into beneficial use. Although water importation is an option and 

" U.S. Congress and USPP, including BLM, may not find it possible to protect 
SPRNCA from groundwater depletion, at least in the short term, without an immediate 
halt of groundwater pumping, which can not realistically be achieved without water 
importation. 
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landowners could have access to water from outside the subwatershed (from Douglas 

basin), no one will consider this option, since each is free to pump as much water as can 

be put into beneficial use at a cost less than 25 percent of the cost of imported water^. 

Establishing the INA caps the size of irrigated acreage in the subwatershed. Many of the 

proposed watershed management measures lack information on their economic and 

technical feasibilities. Since there is an obvious lack of mandate to undertake such 

measures, and since groundwater is available to every landowner with no restriction, none 

of these measures will be adopted or implemented under the current set of rules and 

cannot be considered in the outcome of such rules. The only obvious and important 

change under this new set of rules is the capping of the size of irrigated area in the 

subwatershed, the majority of which is located in the floodplain alluvium. The limit on 

additional irrigation in this will slow the diminution of streamflow due to expanding 

irrigation. 

As to the impact of pumping on the river and its riparian habitat, landowners are 

still pumping tributary groundwater which is appropriable under the prior appropriation 

doctrine and which may be required to satisfy the senior rights of streamflow 

appropriators. Such pumping has already reduced streamflow by 50 to 66 percent, and due 

to the sluggish groundwater movement, streamflow might disappear long after any 

" Estimated variable cost of pumping water in the Sierra Vista subwatershed, is 
less than $40 per acre foot for irrigation and about $97 per acre foot for Bella Vista water 
company, compared to $400 an acre foot for water imported from Douglas basin. 
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meaningful pumping reduction takes place. The instreamflow appropriation supports 

environmental goods and services within SPRNCA, which are consumed by a class of 

users who are impacted as well by groimdwater pumping activities of landowners in the 

subwatershed. These include individuals who plan to use these assets as well as those 

value these assets but have no plan to use thent 

6.6.3.1. Depletion 

The establishment of San Pedro INA creates a new position for irrigated 

landowners, by splitting the current landownership position into Laneknvmrs and Irrigated 

Lcmdawners. The only major change is in the boundary rule to exclude landowners from 

becoming irrigated landowners. The authority rule has changed so that landowners in the 

basin who can prove to ADWR a 5-year histoiy (prior to INA establishment) of irrigation 

water use are permitted to continue irrigation water use if awarded a NO A. The authority 

rule, however, did not change behaviors of either with respect to timing of access or 

quantity of groundwater pumping. Each landowner, irrigator or otherwise, could 

potentially pump as much water as can be put into beneficial use. Establishment of the 

INA will not change the boundary rule for the landowner position, which means entry is 

open for whoever wishes to acquire the land. 

The groundwater use characteristics and the behaviors of landowners will still fit 

those which characterizes the open access metaphor. The only limitation on access to 

groundwater is landownership. Consequently, groundwater depletion, which persisted 

prior to adopting and implementing this institutional alternative, will continue without any 
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noticeable change, in spite the &ct that substitute water is available for landowners to use 

in lieu of locally pumped groundwater. The only advantage of the new rule changes is the 

limitation placed on irrigation water use, through the capping of D^, which would make it 

possible to retire irrigated land without the risk of recurrence. Depletion of groundwater 

has negative efifects on groundwater users, at least in the long run. The decline in the 

groundwater table results in increases in pumping costs, land subsidence and potential 

water quality implications. 

SPWMI rule changes do not induce switching to imported water in order to reduce 

depletion. Such changes need to address the payoff rules, which currently make local 

groundwater available to each landowner at substantially lower cost than imported water, 

which costs six to seven times more. Changes in the payoflf rules could address the 

substantially lower costs of local groundwater by imposing pumping fees to make such 

cost comparable to that of imported water. 

6.6.3.2. Externality 

There is one obvious contribution of this new rule set, which is that it could reduce 

depletion through preventing the expansion of irrigated acreage. Since the boundary rule 

precludes entry into the position of irrigated landowner for all who own or might acquire 

presently unirrigated land, then no additional irrigation water use from such lands will be 

permitted under the new set of rules. Furthermore, it creates the potential for ehmination 

of depletion due to irrigation use, if the necessary investment is made to acquire existmg 

irrigated land and permanently retiring its water use, without having the risk of bringing 
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new land under irrigation and continuing a cycle of irrigated land acquisition and 

retirement. 

Although groundwater is tributary, and belongs to streamflow appropriators, the 

new set of rules continues to reward landowners with low cost water and does not 

penalize pumping activities harmful to stream and instream flow appropriators. One way 

to address the problem of externality is through internalizing the external cost due to loss 

of ben^s of streamflow. The rule changes necessary to do so requires bringing both 

groundwater and well surface water under the same rule set and making streamflow 

appropriators able to protect their vested water rights by changing the scope rule to 

include surface water institutions. Such a change will provide a position for streamflow 

appropriators and will give them the ability to use their authority, under surface water law, 

to enjoin activities which harm their vested rights (groundwater pumping). By the same 

token, such rule changes also must make landowners who pump groundwater accountable 

for harm and injury they impose on these appropriators. The new rule set does not provide 

these changes; rather, it rewards landowners with benefits of using low cost groundwater 

and leaves streamflow appropriators to bear the economic loss of water they are entitled 

to under the prior appropriation doctrine. As a result, no external cost is internalized and 

groundwater users are immune fi'om paying compensation to internalize such costs. 

6.63 .̂ Underinvestment 

The easting set of rules provides information about various environmental assets 

which comprise the unique ecosystem within SPRNCA (CEC, 1998). These assets 
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produce goods and services which have economic vahies, and which should be included in 

the total economic valuation (TEV) of water resources in the area. The SPWMI set of 

rules ignores users of these assets, (no position for instreamflow users), and therefore, the 

economic values associated with such uses, and hence, there is no chance of having these 

goods properly estimated. As a result, the underinvestment problem will not be addressed 

under the proposed rules, and environmental goods and services will continue to be 

underprovided due to lack of proper economic estimation of these values, which, as 

shown in the previous chapter, could be in the magnitude of hundreds of millions of 

dollars. 

6.6.3.4. Maldistribation 

The maldistribution and externality problems are usually addressed in a similar 

manner, through changes in position and authority rules. As the scope of the SPWMI rule 

set is limited to groundwater, and it includes no significant changes in the authority rules 

to permit stream or instream flow appropriators to protect their vested water rights. In 

addition, the instreamflow uses are also vulnerable due to the diminution of streamflow. 

Therefore, the maldistribution problem is not addressed under these new rules, because 

SPWMI riile changes would not protect appropriators and streamflow users from 

overdraft of the tributary groundwater which supports the river's streamflow. 

6.6.4. The Potential Role of USPP 

As a collaborative group, the USPP could play a role in adopting OCL rule 

changes, without having the need to resort to regulatory approaches. This is not to say 
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that such an approach could resolve the four OCL problems, but, it could ease the impact 

of depletion and foster local cooperation among heterogeneous stakeholders, which are 

not subject to the same rules (Federal agencies are not boimd by state rules). For example, 

banning or reducing pumping within the floodplain aquifer by regulatory measures requires 

actions at the third level, particulariy by the legislature. However, a nonrcompulsory 

approach, through bargaining at the second level between local governments and nuyor 

stakeholder (all of which are members of USPP) could lead to non-compulsory changes in 

OCL rules. County and cities could incorporate conservation into planning and zoning 

ordinances in order to reduce density^ (Mac Nish, 1994) and promote open space and 

riparian zone preservation through property tax incentives^ (Lamb and Lord, 1992). Such 

measures could significantly improve streamflow, at least in the short run. Planning and 

zoning could also be used to promote voluntary groundwater augmentation by &cilitating 

the implementation of watershed management measures proposed by USPP. 

Based on this analysis, Cochise County introduced density restrictions in its 
draft Comprehensive Plan in 1994, but it was opposed by rural landowners, and the idea 
was later dropped. 

^ Oregon has a program based property tax incentive in which landowners apply 
for designation of their property as riparian land in exchange for ecemption from ad 
valorem taxation. Another program requires counties to maintain unique natural features, 
such as streams, wedands, and riparian vegetation, and consider the impact of 
development on the surrounding lands (Lamb and Lord, 1992). 
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CHAPTER? 

THE ACTIVE MANAGEMENT AREA ALTERNATIVE 
(SPAMA) 

7.1. Introduction 

Under the 1980 AGMA, the director of ADWR, with adecpjate local support, has 

the authority to designate the subbasin as a subsequent AMA, if the director detennines 

that any of the following exists: 1) active management practices are necessary to preserve 

the existing supply of groundwater for fiiture needs; 2) land subsidence or fissuring is 

endangering property or potential groundwater storage capacity, and 3) use of 

groundwater is resulting in actual or threatened water quality degradation (ARS 45-

412. A). The AMA can include more thxn one groundwater basin, but cannot be smaller 

than one basin or include only a portion of a groundwater basin (ARS 45-412.B). 

An AMA also can be formed by local initiation, if at least 10 percent of registered 

voters residing within the boundaries of the proposed AMA so propose, and if a majority 

of those voting so approve in a subsequent election (ARS 45-415). Finally, the state 

legislature, has the power to designate the basin as an AMA with special legislation, as it 

did in 1994 when it modified the boundaries of Tucson AMA and created the Santa Cruz 

AMA (ARS 45-411.02). The director of ADWR is also required to periodically review all 

areas outside existing AMAs to determine whether any meets the criteria for AMA 

designation (ARS 45-412.C). Although the 1980 AGMA does not place any limitation on 

the scope or purpose of the designation, many interpret this as flexibility to establish 
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management goals for different areas (CEC, 1998). Below is brief presentation of the most 

salient attributes of the groundwater Code which pertain to designating the subbasin as a 

subsequent AMA. This may help to identify key institutional changes (upon designation) 

at the operational choice level in the subbasin. 

7.2. The Goal of Arizona AGMA 

In response to severe groundwater overdraft problems in many parts of the state, 

especially the most populous ones, Arizona passed the 1980 AGMA, which resulted in the 

creation of ADWR as the state agency designated to implement state water legislation and 

manage its water resources. The primary goal of the Act is to "conserve, protect, and 

allocate the use of groundwater resources of the state and to provide a framework for the 

comprehensive management and regulation of the withdrawal, transportation, use, 

conservation and conveyance of rights to use the groundwater in this state" (ARS 45-

401). For areas designated as AMAs, the Act did away with the premise of "private 

ownership" of groundwater by the overlying landowner, and declares groundwater to be 

public water subject to use by permit, mandates conservation requirements for all types of 

uses, establishes a water augmentation fund to acquire renewable water supplies (applies 

to most initial AMAs with CAP allocations), and stipulates Assured Water Supply rules. 

The Act created four initial AMAs, Phoenix, Tucson, Prescott and Pinal, where 

groundwater overdraft is most severe. A fifth AMA, Santa Cruz, was created in 1994 by 

special legislation. Although ADWR is most concerned with groundwater management 

within AMAs, the Act vests limited authority in the director to coordinate management of 
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ground and surfiice water rights. 

The most striking feature of the Act is to do away with the "reasonable use 

doctrine" by superimposing a regulatory management scheme limiting the use of 

groundwater and requiring all groundwater users to have permits to pump groundwater. 

In dealing with severe groundwater overdraft (within AMAsX the Act legitimizes only 

historic irrigation withdrawals and prohibits any new ones, levies annual withdrawal fees 

on groundwater withdrawals, and requires new developments to demonstrate to ADWR 

that an assured water supply exists to satisfy the needs of the development for at least 100 

years. Exempt wells, pumping 35 gallons per minute or less, are not subject to these 

restrictions. Although the 1980 AGMA extended the appropriation principle to 

groundwater, one of its drawbacks is that it stops short of addressing the interconnection 

between ground and sur&ce water. 

7.3. Authority of the Director of ADWR 

The AGMA gives the director wide ranging authorities, among other things the 

power to designate a subsequent AMA, and to establish a management goal for the AMA 

and the number of years in which the goal is to be achieved (ARS 45-569), if the director 

determines that any one or more of the following conditions exist: 1) active management 

practices are necessary to preserve the existing supply of groundwater for future needs 

(which fits precisely the conditions of the river); 2) land subsidence or fissuring is 

endangering property or potential groundwater storage capacity; and 3) groundwater use 

is resulting in actual threatened water quality degradation (ARS 45-412). 
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Although the primary goal of the AGMA is groundwater conservation, protection, 

and allocation, it also gives the director of ADWR control and supervision of sur&ce 

water, its appropriation and distribution, without any changes preexisting state authority 

over surface water (ARS 45-103). In addition, the director is given an important 

responsibility as a "technical advisor to the court" in connection with the general stream 

adjudications, including identifying the hydrological boundaries of the river system and 

source (ARS 45-256). Although ACMA was regarded as a major achievement by the 

state, its drawback is the continued Arizona tradition to define groundwater for purposes 

of groundwater regulation and separately defining surface and groundwater for purposes 

of appropriation (Leshy and Belanger, 1988). It is conceivable then that an AMA in the 

USPRB could be established by authority of the director with the goal of "preservation of 

the riparian habitat, wildlife and the protection of surface water flows within SPRNCA". 

Such a scenario, however, is unlikely, because the director lacks the authority to protect 

streamflow in the basin by enjoining tributary groundwater pumping which might diminish 

the streamflow of the river. It is worth noting here that there have been at least two 

attempts to establish an AMA, one during the 1980s and one in 1995, when ADWR 

attempted to introduce a proposal to create a Water Management Area (which is a 

watered-down version of AMA tailored specifically for the area) for the subbasin, but 

failed due to strong political opposition fi'om residents (ADWR, 1995). 

One limitation on the authority of ADWR in the basin is its inability to exercise 

police power over federal landowners with federal reserved rights. Although these rights 
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are being adjudicated in the state court, as part of the adjudication, none of the mandates 

of AGMA ^ply on federal land with reserved rights. Fort Huachuca is the largest federal 

landowner, and its water use 1998 was about 2,200 acre feet. The CEC Advisory Panel 

Report on the Upper San Pedro River Initiative (1998) acknowledges the Fort's efforts in 

reducing its water consumption by 26 percent since 1991, which was achieved on a 

voluntary basis, but stressed that the federal government should provide more resources 

so further reduction in groundwater depletion can be achieved by the fort. 

7.4. The Institatioaal Option of SPAMA 

Although this option draws heavily upon the establishment of an AMA, water 

importation is assumed to be another integral part, and all the analysis of this alternative 

assumes that water importation is enacted together with the AMA, by the Arizona 

legislature, and that imported water is available as an option. 

7.4.1. Establishment of SPAMA 

Resolving most of the problems under rules of the AGMA requires two important 

actions, which are beyond the authority of the director of ADWR. First, the l^slature 

could recognize the unique water resource problems in the USPRB, including; depletion 

of the groundwater aquifer, diminution of streamflow, and the need to protect the fragile 

riparian habitat within SPRNCA. The Legislature then, could find an urgent need to 

establish the SPAMA, within the basin, and expand the authority of the director of ADWR 

in this area to coordinate the management (similar to that of Santa Cruz AMA) of surface 
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water rights and groundwater rights '̂ to specifically address the unique problems for 

water resource management in the San Pedro AMA^. The management goal of SPAMA 

may be "to achieve a safe yield condition and to maintain groundwater table levels 

appropriate for the maintenance of streamfiow, preservation and enhancement of the rich 

riparian ecosystem within SPRNCA". 

Coordinated ground and surface water management does not, in any way, imply 

changing the bifurcated water legal system of the state. Rather, it clarifies the authority of 

ADWR to regulate tributary groundwater extracted fi'om wells in the floodplain alluvium 

and elsewhere which is believed to be subfiow or part of the surface water regime of the 

river, for groundwater conservation purposes only. Although ADWR seems to have some 

limited administrative authority over surface water, when appropriators are harmed by 

groundwater pumping and could, at least theoretically, enjoin illegal actions said to harm 

vested surfiice water rights, historically, it has never done so. Rather it always referred the 

matter to the adjudicating court (Pearce, 1999). This is due to conflicting sets of rules 

governing what the law considers to be two bodies of water. A one obvious advantage of 

including coordinated management and the protection of the riparian zone of SPRNCA is 

The declaration of policy and intent of Santa Cruz AMA states: "the legislature 
also finds that the coordinated management of surface water rights and groundwater rights 
set forth in this enactment has been specifically designed to address the unique problems 
for water resource management in Santa Cruz AMA" (ARS 45-411.04). 

Such legislation may need to be sponsored by registered voters and landowners, 
local governments, and USPP. 
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placing the state in closer compliance with a number of federal statutes, policies, and 

judidalfy created programs to protect this federally designated riparian conservation 

area*'. 

7.4.2. The Dynamics ofSafe Yield** in SPAMA 

"Safe Yield" defined by the statute as "the long term balance between the annual 

amount of groundwater withdrawn and the annual amount of natural and artificial 

recharge". With the exception of the Pinal AMA, all other AMAs have a safe yield goal, 

which must be achieved by the year 2025. The management goal of SPAMA is assumed to 

be safe yield, ^^ch implies a substantial reduction in dependency on groundwater 

pumping in the sub-basin, and a shift to a sustainable and renewable source of water. Such 

water could be either a combination of: locally-developed renewable supply through 

adoption of watershed management practices, as proposed by USPP, or water importation 

fi'om outside the subbasin. 

The hydrologic model of the basin indicates that groundwater pumping in the 

subbasin results in capture (see Equation 3-4 in Chapter 4). Assuming that ADWR wants 

to see ±e river's streamfiow maintained to protect the riparian habitat and "coordinated 

management" (as it has been set for the Santa Cruz AMA) is used as a strategy to achieve 

this goal, then safe yield in this hydrologically connected system has two important 

^ The list includes; the Fish and Wildlife Coordination Act, Clean Water Act, 
Federal Power Act, Food Security Act, Nfigratory Bird Treaty Act, Wildlife and Scenic 
Rivers Act, Federal Reserved Water Rights, and Endangered Species Act. 
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implicatioiis. First, the change in storage or depletion of the aquifer must be zero 

(AS/At=0). Second, groundwater pumping must be restricted to the amount of capture 

(the difiference between the pumping-induced increase in recharge, AR and the pumping-

induced decrease in discharge, AD) since it is capture which results in diminishing and 

impairing the SPR streamflow. Therefore, a safe yield goal in the basm that takes into 

consideration maintaining SPR streamflow must be based on either using imported water 

in lieu of local groundwater pumping to reduce AD, or balancing groundwater pumping by 

equal or greater amount of groimdwater recharge, beyond the existing natural 

groundwater recharge, to increase AR For example, since the annual demand for 

groundwater in the SPAMA is 18,000 acre feet, then in order to achieve safe yield and 

maintain streamflow, either must be reduced or AR must be increased by similar 

amount. Furthermore, any future increase in demand must be limited to the development 

of additional recharge to offset the impact of increased pumping. 

As discussed in the previous chapter, watershed management practices designed to 

increase groundwater recharge will not have an immediate impact on the basin hydrology, 

due to the sluggish nature of groundwater movement in the subwatershed. Such measures 

must to be considered as a long term strategy to develop a local sustainable supply of 

water, by capturing a small portion of the annual precipitation lost to evaporation, which is 

estimated at more than 95 percent (Maddock, 1999). Since an immediate substantial 

reduction in the current rate of cultural groundwater pumping (Dc) or inomediate increase 

in groundwater recharge AR are not practical, then water importation is the only measure 
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that win immediately help the SPAMA achieve its safe yield management goal, and 

maintain the remnant of perennial flow and the riparian habitat in the area. 

7.43. Water Importation 

The underlying assumption of AC^IA is the availability of a renewable water 

supply, within the established AMAs, that can be used in lieu of groimdwater along, with 

the mandated water conservation programs, to gradually reduce dependence on 

groundwater to a long-term sustainable level. Unlike other AMAs, which have renewable 

water supplies, including CAP water, the subbasin does not have a reliable and adequate 

supply to use m lieu of groundwater. This m^ explain, at least in part, why the basin was 

not designated in the past. The other obstacle is the prohibition of interbasin groundwater 

transfer, unless it is explicitly specified in the legislation. 

The AGMA was amended in 1991 to prohibit the transfer of groundwater 6rom 

basins outside an initiai AMA to an initial AMA, unless such a transfer is explicitly 

specified in special legislation^ (ARS 4S-SS1). When transportation is authorized, it is 

subject to payment of damages to mitigate injury in the reporting basin. Other 

requirements may include: 1) retirement of land from irrigation; 2) discontinuance of other 

pre-existing uses of groundwater; 3) water conservation techniques; and 4) procurement 

** Note that the AGMA was designed in part around the idea of encouraging the 
transfer of water rights from agricultural to municipal and industrial users. Its firamers did 
not originally consider the secondary economic efifects on rural areas which rely on the 
agricultural economy and which could suffer the ripple effects of a decreased tax base due 
to retirement of agricultural activities. Subsequent recognition of this issue led to the 
passage of the 1991 amendment. 
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of addhionai sources of water wincii t)enefit tlie AMA, subbasin or landowners witiiin tiie 

AMA or subbasin (ARS 45-545). Tins impiies tiiat importing area must be under 

mandated conservation water requirements for aH users, or l)e a designated AMA Ttie 

area aiso must t)e doing more to develop additional water resources (i e. groundwater 

recharge), something which mqor stakeholders in tiie subbasm are considering under 

USPP. 

Therefore, as part of the SPAMA option, the Arizona l^slature, wiiile realizing 

the need to establish an AMA in the subwatershed, will also recognize that the area lacks 

(at least tiirough the year 2025) an adequate renewable water supply to achieve the 

management goal and will, under tiiis option, authorize export of groundwater from the 

Douglas basin to Sierra Vista subbasin in quantity sufBcient to flilfill its management goal, 

subject to payment of damages to mitigate injury. Mining Douglas aquifers for water 

export could occur on private or public lands owned by either ASLD (the second largest 

owner after private landownersiiip) or BLM witiiin the Douglas basin. Since most of the 

basin is under INA rules, and groundwater pumpii^ is subject to the reasonable and 

beneficial use doctrine, mining fields could be either within or outside the Douglas D^A 

Establisimient of SPAMA will prohibit the city of Bisbee from exporting 

groundwater from SPAMA, wliich will reduce the groundwater deficit by 1,000 acre feet 

per year. Bisbee, however, is likely to benefit from water importation from the Douglas 

basin because it can be supplied jointly with the SPAMA, since it is geograpiiically located 

between the Sierra Vista subbasin and the Douglas basin. 
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7 .̂ Mechanisms to Achieve the Management Goal of SPAMA 

ADWR was given wide-ranging authority to accomplish the management goals for 

each AMA. Below is a list, which is by no means exhaustive, of some of the most 

important provisions of the AGMA. 

First, replace the "reasonable use doctrine" with a complex groundwater withdrawal 

permit system that includes grand&thered agricuhural and non-agricultural rights (ARS 

45-461 to 482). Require all non-exempt wells to be metered with approved measuring 

devices and the owners to pay an annual pumping fee. Landowners irrigating for at least 

five years prior to establishment of SPAMA are granted the right to continue irrigation, 

but no new agricultural land can be brought under irrigation. Cities, towns, and water 

companies have service-crea rights, which entitles each to pump groundwater as needed 

for their respective legally-defined service areas, with each use being subject to mandated 

conservation requirements specified in the management plan of the AMA. Wells with 

pumping capacity of 35 gallon per minute or less and pumping less that 10 acre feet per 

year for non-domestic use are ocempt firom regulation (metering, annual reporting and the 

pumping fee). IDstoric uses, for irrigation and non-irrigation, are granted grandf^ered 

rights, which are valid indefinitely. New groundwater pumping, if approved by the 

director, receives a withdrawal permit for non-irrigation purposes, which are valid for up 

to 50 years and can be renewed. Groundwater rights within the AMA are listed below: 

Irrigation Graruffather Right, for historic agriculture. 

Type I Right, for non-irrigation water uses associated with retired farmland. 
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Type 2 Right, for non-irrigation water uses not associated with retired farmland. 

Service-Area Rights, for water providers (public and private and for irrigation 

districts) by virtue of the service area they cover (ARS 45-491). These rights are not 

quantified and service area may be expanded, subject to limitations found in AGMA, 

however, providers must comply with the administrative rules of Assured Water 

Supply (AWS) Program. 

Groundwater Permits, granted to new water users who apply and receive approval 

for a penniL This permit is usually granted for designated uses, mostly industrial and 

mining. Permits are usually granted if the user cannot buy a water right from an 

^sting right holder, or receive water from a municipal water provider. 

Exempt Wells, with capacity of 35 gallons per minute or less. 

Second, coordinated management of ground and sur&ce water rights in the Arizona 

statute is interpreted as a way "to help AMAs achieve their management goal through 

increased use of the state CAP allotment". With respect to the Santa Cruz AMA, the 

statute states: '̂ e coordinated management of surface water rights and groundwater 

rights set in this enactment are specifically designed to address the unique problems for 

water resource managemern", one of which is the preservation of the rich riparian habitat 

of the Upper Santa Cruz River between Nogales and Tubac '̂. In principle, coordinated 

management does not change the way groundwater is regulated, however, it e?ctends the 

This was a primary consideration for in establishing the Santa Cruz AMA in 
1994. 
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director's authority to make subflow or sur£ice water pumped through wells in the alluvial 

aquifer subject to mandated conservation requirements under the AGMA. Therefore, in 

achieving the SPAMA management goal, all ground and sur&ce water in the area, 

including water imported from the Douglas basin, is subject to the conservation 

requirements. Therefor^ the area as a whole, including riparian habitat, will benefit from 

the mandated conservation program, although not significantly or immediately^. 

Coordinated management is perceived as a commitment on the part of the state to assure 

continued availability of surface water for the riparian habitaf*^, and for streamflow 

appropriation (ADWR, 1996), although the director lacks the authority to effectively 

protect such an appropriation. It is also perceived as a commitment to help preserve the 

rich riparian ecosystem within SPRNCA, which is expressed by establishing the SPAMA 

and authorizing water importation from Douglas Basin. 

Third, mandating aggressive water conservation measures to help achieve the safe yield 

goal (if £q)propriate) by the year 2025 (ARS 45-561). The AGMA requires adopting a 

series of management plans, with wide ranging authority given to the director to mandate 

additional programs to achieve the management goal of the AMA. For example, 

conservation programs included in First Management Plan (1980-1990) were tightened in 

the Second Management Plan and supplemented with three new programs to: 1) assess 

^ The conservation program is evolving to be area-specific and ADWR will 
gradually phase in and implement such a progranL 

At least is the case in the Santa Cruz AMA. 
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water quality; 2) augment water supplies and recharge the aquifers within AMAs; and 3) 

provide conservation assistance to water users. 

Fourth, prohibited development of new subdivisions unless developers can provide 

evidence of an assured water supply (AWS) for 100 years and receive a certificate (ARS 

4S-S76). Since an AWS is mandatory in AMAs, developers were initially allowed to 

transfer water from areas outside AMA to meet its requirements, but the AGMA was 

amended in 1991 to prohibit transfer of groundwater to initial AMAs, except in certain 

areas specified by the AGMA. Cities, towns and private water providers could apply to 

receive AWS designation if they wish, but such designation is not mandatory. The 

advantage of such designation is relieving developers of subdivisions served by a water 

provider from having to demonstrate individual assured water supply status for each 

subdivision. Many perceive the designation as a way to promote growth in the service area 

of a water provider (Woodard, 1999). 

Fifth, authorized an augmentation or replenishment authority^ to increase availability of 

water supply and allowed them to operate on a voluntary basis and to provide flexibility in 

the use and storage of CAF*' water in AMAs with CAP allotments. However, some of the 

** One of the conditions for establishing an augmentation or replenishment 
authority is having two or more counties within the AMA join as members of the 
authority, a condition which the SPAMA does not meet. 

One of the conditions for establishing an augmentation or replenishment 
authority is owning a CAP allotment by at least one political subdivision within the AMA 
(ARS 45-1902). 
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provisions of this program could apply in the SPAMA. For example, the $S pumping fee is 

divided between administrative cost, future augmentation measures, and retiring irrigation 

land within the AMA. Augmentation fees could be used to implement watershed 

management measures (such as those proposed by USPP) to help the AMA achieve its 

safe yield management goal. Such measures include water importation, retirement of 

irrigated land and groundwater recharge activities. 

Sixth, artificial recharge of sur&ce water and efiOuent with a right to recover same at a 

later date. The Underground Storage and Recovery Act of 1986 (US&R) require two 

permits, one for recharge and another for recovery of stored water. Recovery is restricted 

to 90-95% of recharged water. Storage is permitted only for water which cannot be used 

directly, such as effluent, storm runofi^ or surface water requiring treatment. This provides 

the legal mechanism for groundwater and effluent recharge proposals under the USPP. 

The AGMA prohibits storing appropriable water, because if the water cannot be 

beneficially used, it must be made available for use by the n&ct junior right holder. When 

stored water is recovered, it can be used in the same manner that it could have been used 

b^ore storage. For example, when effluent is stored, it is legally effluent (neither a ground 

nor surface water but a third category of water) when it is recovered at a later date. The 

AGMA provides flexibility with respect to location of recovery of stored water in an 

underground storage and recovery project, by permitting water to be recovered anywhere 

within the AMA in which a storage project is located, provided the recovery is consistent 

with the groundwater management plan for the AMA. Recent amendments to the 
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underground storage and recovery program authorized a certain amount of credits under 

two additional scenarios. First, it allows an underground storage and recovery project to 

utilize a natural stream channel as part of the recharge process^, which will definitely 

benefit the riparian habitat of SPRNCA and ^cilitate groundwater recharge efforts 

considered by USPP. Second, it allows for indirect groundwater storage and recovery 

projects, which are intended to reduce groundwater pumping by substituting surface water 

or efiQuent for potential pumpage (i e. make surface water available for use by others in 

^change for credit). The Code also includes an annual storage and recovery program, 

which allows recharge and recovery within the same year. This program is intended to 

encourage the use of renewable water, including appropriable water, by allowing seasonal 

storage of water supplies, and also allows the use of an aquifer to treat water and to 

distribute water supplies without building conduits and treatment facilities. 

Seventh, the AGMA was amended in 1991 to provide a more clear definition of effluent 

and to grant ADWR authority over ^uent water that has been collected for subsequent 

treatment in wastewater facilities. The amendment also provides incentives for increased 

and more efficient use of effluent, by permitting the use of effluent in determination of 

assured water supply status. ADWR has adopted stringent requirements for effluent use 

on turf facilities since 1995. For example, all turf &cilities larger than 10 acres built after 

^ Provided the US&R project adds value to a state park, national park, or 
monument and if recharge occurs in the charmel as the water is transported to the recharge 
facility. 
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1990 are required to use effluent for 75 percent of their total ^^er needs. The US&R Act 

of 1986 also provided incentives for recharge of effluent, by assuring rechargers the right 

to recover the water stored underground. Recharged and recovered effluent within the 

same area of hydrologic impact maintains its legal status as effluent, which means its 

subsequent use will not be subject to such stringent conservation requirement as regular 

water. 

Eighth, encourages limited water marketing, by requiring a developer to obtain assured 

water supply certification (presumably through the purchase of land with water rights), 

and also the lease or sale of Type 2 Non-Irrigeition Graru^athered Right. Also, issuing a 

groundwater permit may be conditioned upon the unavailability of Type 2 Non-Irrigation 

Gramffathered Right which can be purchased. 

7.6. Problem-Solving Strategies Under SPAMA 

7.6.1. OCX Rule Changes 

The establishment of a San Pedro AMA would bring sweeping changes to the 

operational choice level rules for groundwater use, but none to sur&ce water institutions 

(save imported water and effluent). The director of ADWR, as an actor at the third level, 

has the authority to establish the AMA, but the authority to permit groundwater 

importation to the basin rests in the hands of the Arizona legislature. As to the rest of 

changes in the OCL rules, ADWR, as an actor at the second level would have adequate 

authority to change these rules, which are stipulated by the establishment of SPAMA. 

Scope: use of groundwater and imported water and effluent within the SPAMA, except on 
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federal reservations (Fort Huachuca) not subject to any state rules. 

Position 

The Code replaces the simple position rule of landowner with a complex structure of 

groundwater rights, thereby creating the following new positions; 

1. Grarû att̂ ed Right (GFR) Holder 

2. Service Area Rigjht Holder 

3. Groundwater Permit Holder 

4. Owner of Exempt Wells 

5. Developer 

6. Administrator 

Boundary 

1. GFR, includes three different rights 

Irrigation Granĉ athered Right (IGFR): position is restricted to landowners with land 

presently and historically being irrigated and which has not been retired from irrigation for 

a non-irrigation use. Landowner has the right to use groundwater for irrigation of such 

land as determined by farm units and water duty requirements. An irrigation GFR is based 

on the date of the notice of the initiation of designation procedures or the call for the 

election for an AMA which is subsequently designated (ARS 45-465). 

Type 1 Non Irrigation Grancffathered Right (NIGFR) : position is restricted to landowners 

with retired irrigated farmland. The land must have been legally entitled to be irrigated 

with groundwater and was retired from irrigation prior to the date of designation of 
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SPAMA in anticipation of non-irrigation use. Landowner has the right to receive at least 3 

acre feet of groundwater per acre per year. 

Type 2 NIGFR (is not associated with retired irrigated Finland); position is restricted to 

landowner who was legally pumping and using groundwater for non-irrigation purposes as 

of the date of oeation of SPAMA 

2. Service Area Right, position restricted to municipal water providers, such as cities, 

towns or private water companies (ARS 48-3701). 

3. Groundwater Permit Holder, position is available to new groundwater users for non-

irrigation purposes, if they are not served by a water provider, if no Type 2 NIGR available 

for purchase, or there is no surface or effluent water of su£5cient water quality available. 

The position is assumed through approval of the director of SPAMA, who grant the 

permit to withdraw groundwater. 

4. Owner of Exempt Wells\ position is assumed by landowners with well equipped with 

pumps able to pump no more than 35 gallons per minute. 

5. Developer: development of subdivisions within SPAMA. Position does not exist for 

developers within the service area of water provider designated as having AWS status, if 

developer obtain a written commitment of service from the provider. 

6. Administrator, no change in this rule. 

Authority 

l.GFR 

IGFR is appurtenant to the land associated with the right, is owned by the owner of the 
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land, and may be leased with the land. Right is based on a water duty specified for each 

&rm unit in each management period, which is used to quantify the right, the owner of the 

right may pump up to 10 acre feet for domestic or stockwatering fi'om the same well, in 

addition to the IGFR (ARS 45-465.03). The right may be sold or leased as part of the 

land. Pumping is metered, and an antnial pumping fee and annual report are required. The 

owner must comply with mandatory agricuhural conservation requirements, as set forth in 

the current management plan. 

Type INIGFR holder has the right to withdraw at least 3 acre feet of groundwater per 

acre per year. This right is the property of the land owner, appurtenant to the land 

associated with the right, and could be leased with the land (ARS 45-463). If the land is 

located within the exterior boundaries of the service area (municipal water provider), then 

the right can be used on any other land (ARS 45-470), if such use commenced prior to 

designation of the AMA. The right is transferred only with the land to which it is 

appurtenant (ARS 45-473)^^. Withdrawal is to be from the land to which right is 

appurtenant, but use can be on same land or any other land. Metering withdrawals, 

payment of an annual pumping fee, and filing an annual report are required. The user must 

comply with mandatory conservation requirements for all types of water use, as set forth 

in the current AMA management plan. 

Type 2 NIGFR: holder has the right to withdraw annually the maximum amount pumped 

'̂Which is intended to compensate farmers for their land, upon acquiring the water 
right. 



196 

and used in any one of the five years preceding the date of AMA designation, less the 

amount of right obtained by the landowner as Type INIGFR (ARS 45-464). This applies 

to all non-irrigation users, and to municipal water providers (cities, towns, or private 

water companies), who own land outside as well as within their respective service areas. 

This right may be leased or sold, and can be withdrawn from any location within the AMA 

(ARS 45-464). Metering pumping, payment of a pumping fee and filing an annual report 

are required. The user must comply with mandatory conservation requirements specified 

for each type of water use, as set forth in the AMA management plan. 

2. Service Area Right, municipal water provider has the right to pump, transport and 

deliver water for municipal and industrial uses within its service area. This right is not 

quantified, so that pumping can be increased to supply an expanding population. The 

service area can be expanded^, subject to some limitations (ARS 45-491). An AWS 

designation status from ADWR is not mandatory. The water provider must comply with 

mimicipal conservation requirements, as set forth in the management plan. All pumping 

must be metered, reported and subject to a pumping fee. 

3 .Grouruiwater Permit Holder, permit is mostly issued for industrial and mining uses 

(ARS 45-5II & 528) and is valid for 50 years, subject to renewal. This permit is issued if 

no groundwater right is available for purchase. Pumping is subject to metering, payment of 

an annual fee and must be reported annually. The holder must comply with conservation 

^ Many consider this as one of the main weaknesses of the AGMA. 
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requirements, as specified in the management plan. 

4. Owmr of Exempt Wells-, right to pump can be initiated with a letter of intent to drill a 

well with ADWR. The pump capacity must not exceed 35 gallons per minute. Wells 

drilled after April 28, 1983, are subject to the following restrictions; if the use is for other 

than domestic and stockwatering, such as irrigation of less than 2 acres of land, then 

annual pumping must not exceed 10 acre feet. Wells drilled before that date are not 

subject to these restrictions^. These wells are exempt fi'om provisions of metering, 

conservation requirements, the pumping fee and annual reporting. 

5. Developer : if groundwater is the sole source of water for the subdivision, then the 

developer must obtain a certificate of AWS fi'om ADWR. If such a subdivision is located 

inside the service area of municipal water provider, the developer's position ceases to 

exist. Although management plans stress that future development of subdivisions will 

require AWS certification, if groundwater is the primaiy source of groundwater in the 

area, such certification is possible and such requirement does not represent a barrier to 

increased use of groundwater, since water level in the subbasin is between 240 to 350 

feet^ (Barnes, 1990). 

6. Administrator: ADWR monitors and enforces compliance with management plan 

^ Theoretically each well can pump up to 56 acre feet per year, assuming a pump 
is operating around the clock year round. 

^ AWS rules established that if groundwater is used for certification purposes, 
then it should be based on depth to water of not more than 1,000 feet below land surface. 
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requirements and provisions of the AGMA. Provides conservation assistance to water 

users to help them comply with conservation requirements. Collects data and investigates 

hydrologic conditions in the AMA, and make its findings available to the public. 

Information 

1. GFR: provide data annually to ADWR on quantity pumped, information on existing 

wells, and information on the depth or change in depth to groundwater. 

2. Service Area Right Holder-, submits a hydrologic study as part of AWS designation. 

Reports aimual pumping, provides information on existing wells, and service area map, as 

part of its annual report. 

3. Groundwater Permit Holder-, reports annual pumping to ADWR and provides 

information on existing wells. 

4. Owner of Exempt Wells-, none, eccept what is provided on the letter of intent to drill a 

well. 

5. Developer, submits a hydrologic study as part of an application for AWS certificate. 

6. Administrator: ADWR collects data regarding the hydrologic conditions and water use 

of the AMA, and make its findings available to the public. Collects information to 

determine compliance with conservation requirements. Provides information about 

compliance and conservation assistance. 

Aggregation 

Groundwater pumping activities result in depletion of groundwater stock and 

pumping-induced capture, which can be mathematically described as follows: 
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AS = (AR + AD) + (Dm + D J 

where: 

AS: depletion or groundwater overdraft (the reduction in regional aquifer stock) 

D,^: municipal groundwater discharge 

D^: agricultural groimdwater discharge 

(AR + AD): cultural groundwater pumping-induced capture. 

Establishing the SPAMA does away with the "reasonable and beneficial use" 

doctrine, creates a complex set of groundwater rights in quantity equal to the sum of D^ + 

Da. and validates the groundwater pumping activities which results in the depletion of the 

regional aquifer, AS, and pumping-induced capture, AR + AD. 

There are few significant changes in the aggregation rules which result fi'om the 

establishment of SPAMA. First, it could potentially reduce the quantity of cultural 

groundwater discharge (D^ D^) due to the mandatory conservation requirements which 

apply to all water uses in the AMA. Second, it reduces Dm by 1,000 acre feet per year, 

due to the prohibition of water export to Bisbee. Third, it encourages groundwater 

augmentation which might result in the increase in groundwater recharge, AR. Fourth, it 

creates the potential to reduce or eliminate agricultural groundwater discharge, D^. 

As a result, the groundwater overdraft, AS, could be reduced, but the safe yield 

goal might not be achieved, for two reasons. First, the scope of SPAMA rules is limited to 

groundwater users under state water law, because the state lacks the authority to regulate 

groundwater use by Fort Huachuca, which holds a federal reserved right. Second, users of 
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groundwater are likely to ignore using imported water because its cost is expected to be 

six to seven times higher than local groundwater. Third, a service area right is permitted to 

increase in response to population increase, which could lead to increased depletion. 

Payoff 

Establishment of SPAMA creates a class of water right holders who pump 

tributary groundwater winch might otherwise be used to satisfy the senior rights of of 

streamflow appropriators. The benefits of using such water accrue to landowners. As a 

result, streamflow appropriators suf^ the loss of benefits of diminished streamflow, 

which include benefits due to consumptive uses of streamflow (entitled to under the prior 

appropriation doctrine), as well as benefits due to non-consumptive water use. Since the 

AGMA does not recognize the hydrologic connection between ground and surface water, 

under this new set of rules, streamflow appropriators can neither enjoin groundwater 

pumping, nor can they seek compensation for loss of benefits of diminished or lost 

streamflow water. 

Although imported water is available as a substitute of local groundwater, the cost 

of such water is more than four times that of local groundwater, and as a result it is not 

expected to be used. ADWR collects pumping fees, about $90,000 per year, to cover 

costs of administration, augmentation and retiring irrigated land'®, but with such a modest 

amount, the impact on the structure of benefits and costs of water in the area is very 

" In initial AMAs, except Pinal, the pumping fee can be used to retire IGFRs 
starting the year 2007, in order to achieve the safe yield goal of the AMA. 
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limited. 

Instreamflow appropriators and users also suffer the economic loss due to reduced 

streamflow, which supports environmental assets within SPRNCA, ^^ch include reduced 

or lost economic values due to direct use (UV) as well as non-use values (NUV), both 

which are supported by non-consumptive uses of SPR streamflow. 

7.6 .̂ Resolution of OCX Problems 

The SPAMA rules mandate water conservation to reduce groundwater pumping, 

Dc, and they also encourage groundwater recharge, AR. These rules, however, stop short 

of enjoining groundwater pumping activities harmiiil for streamflow of the San Pedro 

River. The SPAMA rules are not restrictive enough to encourage the use of imported 

water or to implement augmentation measures to reduce dependence on depletion of 

groundwater in the subbasin. There are two important rule changes under SPAMA, 

prohibition of water export to Bisbee (which reduces the groundwater overdraft in the 

subbasin by 1,000 acre feet per year), and capping agricultural water use in the subbasin, 

D^. As a result, groundwater overdraft could be reduced, but the safe yield goal might not 

be achieved. Therefore, additional rule changes (i.e. raise the pumping fee to encourage 

the use of imported water* and replenishment of the groundwater aquifer) might be 

necessary. 

^ Comparing the cost of import from the Douglas basin at $400 per acre foot to 
the total pumping cost for an 800 gpm well at 340 feet lift in Cochise County area, which 
costs from $50.42 for natural gas to $69.95 electric (Teegerstrom, 1999). 
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7.6.2.1. Depletion 

Establishing the SPAMA drastically changes the characteristics of groundwater use 

in the basin, j5t>m open access to strictly controlled CPR, with exception of exempt wells 

which the AGMA treats as de minimus. The simple position rule (landowner) in the 

existing set is r^laced by a complex set of positions with strict rules of entry. 

The authority rules restrict the quantity of water use for each right holder, except 

for service area rights, which constitute the largest category of water use in the basin. The 

restriction on municipal water use is based on the rate of use rather than the volume of 

water used. ADWR determines for each municipal provider a maximum per capita daily 

water use, measured in gallons per c^ita day (GPCD), and requires the provider to adopt 

mandatory water conservation programs to reduce its GPCD in a given planning period. 

Under the SPAMA rule, it is possible for a given provider to double its annual water use 

while meeting a required reduction in GPCD. Therefore, mandatory water conservation 

programs to reduce the GPCD may not be sufiScient to reduce municipal groundwater 

pumping. Dm, which is responsible for most of the overdraft in the basin. 

The SPAMA rules introduce two important changes that could reduce overdraft in 

the basin. It limits agricultural water use to areas with historic use and makes such use 

subject to conservation requirements. If such use is reduced or eliminated by irrigated land 

retirement, the groundwater overdraft could be reduced by 1,100 are feet. The SPAMA 

rules also prohibit water exportation to Bisbee which reduces the groundwater overdraft 

by 1,000 acre feet. 
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Although imported water is an available option, such water will not be used 

because its cost is six to seven times higher than the local groundwater. Since achieving 

the safe yield goal of an AMA is based on the presumption of shifting water use over time 

into a renewable source of water, therefore, additional rule changes are needed to 

encourage the use of imported water. These changes target the payoff rules and aim at 

changing the structure of local groundwater pumping costs to make them higher than the 

cost of imported water. Such changes will not only make imported water more desirable, 

but they will also encourage conservation and increase groundwater recharge. These 

changes could be achieved by different means, including an increase in pumping fees, an 

option which, although it does not face legal obstacles, might fece political ones. 

7.6.2.2. Externality 

Externality and depletion in the basin are two sides of the same coin. Drastic 

reduction or elimination of depletion is the key to resolving the externality problem, and 

since the depletion problem can be resolved under this new set of rules, so may the 

externality problem. Externality is resolved by achieving the safe yield goal of the 

SPAMA. It can also be resolved through changes in both position and authority rules, to 

permit mjured parties, streamflow appropriators, to enjoin groundwater pumping 

activities, which injure streamflow vested water rights, and to make pumper accountable 

for injury incurred by the streamflow appropriators. Creating a position for streamflow 

appropriators requires expanding the scope rule to include sur&ce water in the subbasin, 

something the SPAMA cannot achieve under the current AGMA. As a result, establishing 



204 

the SPAMA did not make any difference with respect to protecting streamflow 

appropriation, since appropriators have no position or authority under the new set of 

niles. Rather, SPAMA made the situation even worse, by l^;itin9izing pumping activities, 

which are known to injure streamflow rights and diminish the streamflow of SPR, by 

granting recognized and quantified groundwater rights to pump water considered to be 

part of the streamflow, with no chance of being able to sue for compensation on the part 

of streamflow 2q)propriators. 

In addition to the externality represented by the dimim'shed streamflow, there is 

also the externality due to the groimdwater table declining below the root zone of the 

riparian forest, which leads to changes in the plant density and structure, in the short run, 

and loss of riparian habitat, in the long nm. Externality is the most difficult problems to 

resolve, because it is temporal in nature. The impact of groimdwater depletion and the 

decline of the groundwater table is much delayed due to the sluggish nature of 

groundwater movement, which means the current diminution of streamflow could be the 

impact of pumping many years ago. 

7.6.2.3. Underinvestment 

The existing set of rules provides information about valuable environmental assets 

with substantial economic values (CEC, 1998), but the rules under SPAMA do not 

improve on the existing set. The one notable change, however, that could offer some hope 

is the expansion of the management goal to include, beside safe yield, the maintenance of 

streamflow to preserve and enhance the rich riparian ecosystem within SPRNC A. Such a 
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change would pave the way for adoption of a riparian protection program, something the 

state has yearned to do since 1994 (ADWR, 1994). This change, however, does not go &r 

enough, because the new rules do not address the lack of information about the magnitude 

of economic values SPRNCA^s public goods. Improving the new set of rules requires 

providing a comprehensive economic valuation (TEV of water use) by including values 

such as those associated with use values (UV), as well as existence or intrinsic values 

(NUV), which could be in the hundreds of millions of dollars, as seen in Chapter Five. 

Such valuation is vital in deciding the provision of environmental assets of SPRNCA. 

7.6.2.4. Maldistribution 

The maldistribution and externality problems are usually addressed in a similar 

manner, through changes in position and authority rules. Since the scope of this new rule 

set is limited to groundwater, streamflow appropriators are denied the authority to protect 

their vested water rights. Such a control would permit streamflow appropriators to be 

recognized as appropriators of the tributary groundwater, which is being extracted at will 

by landowners who would not then be entitled to pump such water. Therefore, the 

maldistribution problem is unresolved under this new set of rules, which leaves streamflow 

appropriators, with consumptive as well as non-consumptive water uses, at a 

disadvantage. 

7.6.3. Approaches to Achieve OCL Rule Changes 

Changing OCL rules is a second level activity, but if the second level rules do not 

permit the necessary changes, then these rules need to be changed at the third level, as a 



206 

prerequisite for achieving the desired OCL rule changes. The IAD described two main 

problem-solving cathodes, hierarchical and non-hierarchicaU under which a number of 

approaches, based on compulsory and non-compulsory means, are found. Resolution of 

water and natural resource problems are situation specific, th^ often require a mix of 

these q)proaches. 

Changing OCL rules by establishing SPAMA and authorizing water importation is 

a pure r^;ulatoiy approach, based on the coercive power of the state. Such a change is 

necessary to do away with the open access character of groundwater use, and replaced it 

with groundwater rights (positions) and well defined authority for each right holder. Use 

of groundwater is restricted to those who are admitted to the position of water right 

holders, while others are prohibited fi-om pumping groundwater. Unlike the INA rules in 

the previous chapter, in which groundwater use is characterized by open access, water use 

under SPAMA fits the characteristics of CPR metaphor, in which entry is restricted and 

rules of use are enforced. 

There are two key institutional changes under the SPAMA option, establishment 

of the AMA and authorization of water importation fi'om the Douglas basin. Although 

both of these actions are level three activities, th^ differ in the way they can be achieved 

due to the varying authority rules of actors at the third level. Establishing the SPAMA can 

be achieved in three ways: first, by action on the part of the director of ADWR, who 

occupies a level three position and has the authority, under the AGMA, to establish the 

SPAMA and specify its management goal; second, by action on the part of registered 
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voters and landowners in the basin, who can petition ADWR to establish the SPAMA; 

third, the Arizona legislature acts on its own and amends the AGMA to establish the AMA 

and set its management goal. Of course these three actors, ADWR, voters and the 

legislature, do not have to necessarily act in isolation, and collaboration among all of them 

could also bring about this change. As to authorizing water export from the Douglas basin 

to Sierra Vista subbasin, the only actor with the authority to make such a change is the 

Arizona L^slature (in spite the &ct that the director of ADWR has a general control of 

the state groundwater resources). Action at the third level to establish the SPAMA and 

authorize water import into the area, changes the rules at the second level. The key rule 

changes at the second level pertains to ADWR, which as a regulator, now has an 

expanded authority to change groundwater use in the basin. The changes permit the 

agenqr to restrict groundwater pumping to those who meet the criteria for each type and 

issue water rights accordingly. The change also giver the agency the authority to mandate 

conservation requirements for all water uses, and adopt other measures designed to help 

the area achieve its management goal. 

7.6.4. Attributes of the SPAMA Solution 

The AGMA in principle is a regulatory approach designed to change the open 

access character of groundwater use into strictly regulated and controlled access. The Act, 

however, relies partially on non-compulsoiy approaches to reduce dependence on 

groundwater, in order to achieve the management goal. For example, while the AWS 

certification is mandatory for developers, it is voluntary for cities and municipal water 



providers. Another exanq)le, the Underground Storage and Recovery Act permits users to 

store water and use a stream channel, such as the San Pedro River, to convey water to a 

recharge &cility or for recharge purposes. This vohmtary approach relies on changes in 

payoff nde to structure costs and benefits of water use. This approach is usefiil, because 

the ability of ADWR to regulate water use is limited to water users who claim rights under 

the state water law, and ADWR's rules are non-binding on federal agencies with federal 

reserved rights. 
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CHAPTERS 

THE CONJUNCTIVE MANAGEMENT AREA ALTERNATIVE 
(SPCMA) 

8.1. Introduction 

The doctrine of prior appropriation is a dominant feature of the history of water 

use and the evolution of water allocation in the western United States. Historically, the 

two fundamental guiding principles, which formed the foimdation of this doctrine, were 

beneficial use, which limited the extent of q)propriative water rights, and the priority rule, 

which gave the first in time a senior right to use the water. As demand for water increased 

and the western streams became fiilly ^propriated, groundwater development emerged as 

the n^ engine to fuel growth and development in parts of the west. Concerns about the 

sustainability and abuse of groundwater lead many western states to ectend the prior 

appropriation doctrine to apply to groundwater as well as sur&ce water. Today, twelve 

out of seventeen western states adopt a conjunctive ground and surface water 

management approach. Arizona is one of the five states that do not do so. As public and 

social values of water use change in the west, so did the doctrine of prior appropriation, 

which has evolved significantly to enhance protection of public interest values and to 

balance competing demands in western water uses. 

Conjunctive water management is a term which is used loosely and which carries 

various meanings in different western states. In this research, it refers to coordinating the 

sustainable use of groundwater and sur&ce water resources, which are hydraulically 



210 

connected. Ahhough efBdent allocaticn of water resources and environmental protection 

are the two primary guiding principles of conjunctive management, it can also be used as 

strategy to achieve social and national, and even international goals (Trelease, 1977) (i.e. 

protecting SPRNCA as a critical habitat for migratoiy birds throughout North America). 

According to Trelease; "modem water law must be comprehensive, in which all available 

water must be subject to the same fundamental rules, consistent with hydrologic science, 

and no private water should be placed beyond the law's reach. It must use a permit system 

to allocate water to accomplish the greatest good, and for the protection of the 

environment from unwanted effects of groundwater pumping and use, a permit should be 

denied if not in the public interest. A permit should last as long as the use will last, and it 

should be transferable to allow water to move to the best uses and achieve ^ciency. The 

major objective of water law must be to achieve, or at least promote the efficient 

allocation of water resources". 

Arizona defies the principles laid down by Trelease and relies on a bifurcated water 

legal system, which does not recognize the hydraulic connection between ground and 

surface waters. Such a system does not give any legal recognition to the hydrologic reality 

of capture and, subsequently, it gives individuals pumping groundwater immunity from 

liability for harm they impose on senior streamflow ^propriators. Failure of the state to 

regulate the capture of tributary groundwater has two consequences. First, the streams 

which are fiilly appropriated will end up having diminished or impaired streamflows, 

thereby, depriving senior streamflow appropriators their vested rights. Second, it harms 
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any gaining streams by reducing baseflow, which is the only available streamflow during 

dry seasons or drought. As a result, the security and predictability of sur&ce water rights 

celebrated by the prior appropriation doctrine is undermined by a bifurcated water i^al 

system which permits more junior groundwater pumpers to capture water that had been 

legally guaranteed to senior streamflow appropriators (CHennon and Maddock, 1997). 

A coiijunctive management system in the Sierra Vista subbasm would have many 

advantages. It would protect the interests of senior appropriators of both sur&ce and 

groundwater and resolve the long standing issue of GRIC and other federal reserved rights 

being currently adjudicated in state courts. It will provide the legal protection for 

instreamflow flow rights, which are vital for the protection and preservation of the 

federally designated riparian conservation area, and place the state in compliance with 

many federal statutes and programs designed to protect the area, which include, among 

others, the Fish and Wildlife Coordination Act, the Clean Water Act, Food Security Act, 

Migratory Bird Treaty Act, the Wildlife and Scenic Rivers Act, and the Endangered 

Species Act. 

8.2. Protecting Public Values in Water in Arizona 

Arizona does not have a statutory instreamflow protection program", although the 

statute considers appropriation of water for recreation, wildlife and artificial recharge, 

among other things, as beneficial uses of water (ARS 45-151). The language of the 1980 

"Wildlife, including fish, was added as a beneficial use in 1941, recreation was 
added in 1962, and water use for artificial groundwater recharge was introduced in 1986. 
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AGMA states that: "h is in the best interest of the general economy and wet&re of the this 

state and its citizens that the l^islature evoke its police power to prescribe ^duch uses of 

groundwater are most beneficial and economically effective", it goes one step fiirther and 

declares that it is the state's public policy to "conserve, protect and allocate the use of 

groundwato" resources of the state and to provide a fi'amework for the comprehensive 

managemoit and regulation of the withdrawal, transportation, use, consovation and 

conveyance of rights to use the groundwater in this state" (ARS 45-401). Yet, over the 

years, many of Arizona's streams and their associated riparian habitat have undergone 

dramatic changes, and were eventually lost to uncontrolled groundwater pumping. The 

obvious examples are the Santa Cruz and Gila Rivers, which once were fi'ee flowing rivers 

throughout the year, supporting wildlife and riparian vegetation. The remaining perennial 

streams and riparian habitats in the state do not have any protection, and some are at 

imminent risk of being permanently lost. One of these is the SPR and its riparian habitat. A 

1993 study by Arizona Game and Fish mapped 5,022 miles of perennial streams in the 

state, 3,961 miles of which are considered without any instream flow rights, but many of 

these free-flowing streams are in the MogoUon Rim area (Kulakowski and Tellman, 1994). 

ADWR (1994) found that only 136 miles of perennial streams are left within the five 

AMAs, and these streams are without any protection. 

Although Arizona does not have an instreamflow appropriation statute, ADWR 

granted instreamflow water rights. The decision to grant these rights is based on the 

interpretation of statutes dating back to 1944 and 1962 and more heavily on a 1976 
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Arizona Supreme Court ruling mMcCIelUm v. Jantzen (26 Ariz. App 223, 547 P.2d 494), 

which gave instreamflows a foothold in the state water law (GillUan and Brown, 1997). In 

1992, the Governor of Arizona signed into law the Riparian Protection Act to provide for 

the collection of scientific and economic data to study the protection of riparian systems 

throughout the state. Subsequently, ADWR (1994) concluded a study, in which SVS was 

used a case study, to assess specific impacts to riparian communities and to provide the 

legislature with scientific and economic data to formulate a comprehensive riparian area 

protection strategy for the state, but no legislative action has been taken. Instead, the 

legislature amended the AGMA to create an Arizona Water Protection Fund^ to "develop 

and implement measures to protect water of sufiBcient quality and quantity to maintain, 

enhance and restore rivers and streams and associated riparian habitats, including fish and 

wildlife resources that are dependent on these important habitats consistent with existing 

water law and water rights". Meanwhile, ADWR has thus fia certificated 11 instream flow 

rights (as of October 1998) and still has 78 active applications pending review or 

consideration (ADWR, 1998). While the director of ADWR must consider the impact of 

the proposed use of surface water, including the use of instreamflow, on the interest and 

welfare of the public and must regect an application when the proposed use is contrary to 

the public values, the director has no clear and adequate authority to protect these rights 

The ear-marked an amiual allocation of $5 million for river and stream 
restoration. It is primarily created as a way to make use of surplus CAP water. In 1997, 
the Fund approved for the first time an acquisition of CAP water to protect the riparian 
area of Picacho reservoir. 
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from impacts of groundwater pumping directly under its control. 

83. Why a Conjiinctive Management Approach? 

It is well documented that in the long run any groundwater pumping will reduce, 

or capture, sur&ce water flow in one or more hydraulically connected water bodies, and 

could also afifect other parts of the water cycle, such as the amount of water returned to 

the atmosphere through evapotranspiration. Conjunctive management of ground and 

suriace waters is essential for the protection of streamflows in the remaining po-ennial 

streams of the Arizona, such as the San Pedro River, and also for sustaining the future 

water supply of the state. The history and evolution of water law in the state reveals a 

number of attempts, all unsuccessful, to adopt a conjunctive water management system. 

Although the AGMA of 1980, represents a drastic change in Arizona's water policy and 

substantially improves protection of the state's groundwater resources, beside being 

restricted to selected areas of the state, it ^s short of extending the same protection to 

perennial streams supporting the few remaining, yet fragile riparian habitats or to holders 

of senior surface water rights. Such a change is best described in the words of David 

Getches (1993), in which he described the evolution of water policy in western U.S.; 

"does not yet constitute a revolution and could be dismissed as a minor readjustments". 

Indeed, the AGMA represents a minor adjustment in response to the demands and 

interests of traditional consumptive water users, and ignores the newly emerging, and yet 
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viable, public interest in water^, mostly for non-consumptive use, with no history of use 

or right of use. Applying the strongest provisions of the Act (as we have seen in the 

preceding chapter) does not provide a solution, in the short or long term, for water and 

natural resource problems in the Sierra Vista subbasin. An effective solution which must 

hah depletion of tributary groundwater, and protect the streamflow appropriators and the 

fragfle riparian habitat of SPRNCA. 

In this ciuq)ter, a set of OCL rules based on conjunctive ground and sur&ce water 

management in the Sierra Vista subbasin is proposed as an ahemative institutional option 

to address the water and natural resource problems which the previous SPWMI and 

SPAMA were not able to address. Adopting this approach requires merging tributary 

groundwater pumped in Zones 1 and 2, as defined in the HSR (ADWR, 1991) into the 

prior appropriation system, thereby, making groundwater, like sur&ce water, subject to 

appropriation. Building upon some attributes of the previous two alternatives, this option, 

which will be called San Pedro Conjunctive Management Area (SPCMA), also includes 

water importation, groundwater augmentation, and perhaps mandatory water conservation 

requirements for all water uses. 

^ Since 1990 an estimated $61 million was spoit to lease or acquire 2.3 million 
acre feet of water rights for instream uses, with the federal government accounting for 
more than half of the expenditure. In the Southwestern U.S., federal and state 
governments are spending money to improve streamflows, with a total of306,658 acre 
feet acquired since 1990 (Landry, 1998). Arizona is lagging far behind California, Nevada 
and New Mexico in this regard. 
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8.4. The Institutional Approach of SPCMA 

Conjunctive management as proposed under SPCMA, extends the doctrine of 

prior appropriation to all tributary groundwater in the Sierra \^sta subbasin (ADWR, 

1991). In addition, it incorporates some attributes of the AGMA and the watershed 

management measures proposed by USPP, inchiding water importation, groundwater 

augmentation, ceasing groundwater export, and limiting pumping in floodplain alluvium. It 

requires that the director of ADWR be granted appropriate and sufBcient authority to 

carry out the mandates of SPCMA and to achieve its management goal. 

The Arizona legislature is required to take action to address two important 

limitations in existing water laws. First, the water resource problems in the subbasin, 

including depletion of the groundwater aquifer and its impact on San Pedro River 

streamflow, cannot be addressed under existing water institutions, which do not recognize 

a hydrologic interconnection between surface and groundwater. Second, the state has 

already recognized and granted a instreamfiow right for BLM for the purpose of 

preservation and enhancement of SPRNCA and it's the fragile riparian habitat. This right, 

however, is contingent upon maintaining both streamflow in the SPR and the shallow 

groundwater table within the floodplain alluvium. Since ADWR lacks the authority to 

protect such a right, the legislature finds that a conjunctive management approach is 

needed for the Sierra Vista subwatershed to specifically address the unique problems of 

this area. Under this approach, tributary groundwater found in Zone 1 and Zone 2 belongs 

to the state, and is no longer considered to be private property of the overlying landowner. 
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Rather, such water is appropriable under the prior appropriation doctrine. Furthermore, to 

enable DWR to manage the area as such, the legislature designates the Sierra Vista 

subbasin as the San Pedro Conjunctive Management Area, authorizes DWR to 

conjunctively manage its water resources by extending prior appropriation to all tributary 

groundwater, and establishes safe yield^ as the management goal for SPCMA. 

Under the provisions of SPCMA, ADWR is specifically authorized to: enjoin 

pumping of tributary groundwater, which is part of the streamflow (in Zones 1 and 2); 

determine the quantity of sustainable groundwater pumping, which does not diminish SPR 

streanaflow; facilitate groundwater augmentation in the subwatershed by promoting the 

implementation of watershed management practices to increase groundwater recharge; 

augment water resource in general by facilitating water importation to meet local demand; 

and finally, adopt any provisions of the AGMA, which the director of ADWR deems 

necessary to achieve the SPCMA management goal. 

8.5. Mechanisms to Achieve Management Goal of SPCMA 

By adopting a conjunctive management approach to address problems in the 

subbasin, the legislature is assumed to have done away with the state bifiircated water 

legal system in this area, and granted the director of ADWR adequate authority to protect 

streamflow rights. Some of the most important authorities ADWR is expected to need in 

carrying out the duty of managing water resources under this approach are listed below. 

" See discussion about the dynamics and meanings of safe yield in the Sierra Vista 
subwatershed in section 7.4.2. and also in Chapter 3. 
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8.5.1. The Management Goal of the SPCMA 

Water within the subbasin is declared to belong to the public, and the right to use 

such water is acquired by appropriation for beneficial use under the doctrine of prior 

appropriation. No changes in the provisions of the state surface water law, with respect to 

either streamflow right or instreamflow right, both of which are well regulated by the state 

under the existing system. The safe yield principle means that aggregate groundwater 

pumping in Zones 1 and 2 is permitted, provided that it does not diminish baseflow of SPR 

now or in the future. Baseflow is the groundwater discharged naturally to the stream of 

SPR, and it can be based on either the pre-development level (9,500 acre feet), or the 

current level (7,500 acre feet), see Table 3-4. Additional groundwater pumping is possible 

if such pumping is balanced by increased groundwater recharge (AR). The safe yield goal 

then is a dynamic one and is based upon balancing discharge (natural and cultural) by 

recharge (natural and artificial). The goal is adopted for three primary reasons: to protect 

streamflow appropriators, who happen to be the most senior water right holders; to 

protect public value in water, which have been recently recognized by creating 

instreamflow rights; and to provide for the use of and development of the groundwater 

resource in the area on sustainable basis. 

8.5.2. Limits on Groundwater Pumping under SPCMA 

Determining who has the right to pump groundwater is problematic and will have 

huge equity implications. While protecting vested water rights and the public value in 

water are important, such a protection is not compatible with allowing groundwater use 
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(under present recharge conditions) to continue at the current level, amply because the 

majority of pumped water depletes the groundwater stock and results in capture from the 

SPR streamflow. Under the conjimctive management approach, most groundwater 

pumping must cease in order to restore the faydrologic conditions and maintain streamflow 

of the SPR. The only groundwater available for pimiping would be restricted to the 

amount of sustainable yield. Any pumping which results in a reduction of the groundwater 

stock is considered a violation of SPCMA provisions, since such pumping causes harm 

and injury to streamflow appropriators. Since the area is fiilly dependent upon 

groundwater for cultural uses, achieving the management goal of SPCMA requires a sharp 

reduction in the current groundwater pumping level, and limiting future pumping to the 

sustainable groundwater yield. Therefore, the subbasin must shift to an alternative supply 

of water to meet most of its water demands. This would require water importation and 

development of additional local renewable water supplies (sur&ce and groundwater). 

As discussed earlier, the sustainable yield level is dynamic and adjustable, 

according to changes in groundwater recharge. Future groundwater use can then be 

increased beyond a "given sustainable level", provided that groundwater recharge is 

increased by at least the amount of increased pumping to maintain the aquifer in a state of 

balance. The potential to develop additional groundwater (sustainable) resource, to meet 

the area's water needs, through an increase in groundwater recharge is a real one 

according to Mac Nish (1998) and Maddock (1999). Future development and use of 

groundwater supplies must be subject to the approval of ADWR. The state has already 
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developed the institutional framework (the Underground Storage and Recovery Act) to 

regulate groundwater recharge and recovery, which can be immediately used in the 

SPCMA. 

8.5 .̂ The Groundwater Permit System 

The pre-development groundwater discharge into the SPR was 9,500 acre feet per 

year (Table 3-4), and restoring streamflow to this condition requires a reduction of 

groundwater pumping and a remediation of the aquifer to eliminate the regional cone of 

depression and restore the gradient of groundwater table. Remediation may require 

cessation of pumping for a given period of time to allow the groundwater level in the 

center of the cone of depression to be restored. 

Assume that the aquifer can support a given sustainable rate of groundwater 

pumping with minimimi or no adverse impact on its capacity to discharge groundwater 

into the stream. Also, given the fact that the subwatershed supports a rural lifestyle and 

due to equity implications, landowners will be exempt from cessation of groundwater 

pumping, but such pumping must be restricted to no more than 5,000 gallons per day. 

ADWR could allocate any groundwater available b^ond the need to satisfy exempt wells 

in the following way. 

ADWR issues transferable and marketable groundwater pumping permits, 

conditioned on the availability of groundwater, while recognizing the public value of water 

in the SPR. Each permit specifies the quantity of groundwater pumping authorized and the 

period of time for which the permit is valid. The aggregate quantity of groundwater 
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pumping is contingeiit upon maintaining and protecting vested streamflow rights, and it 

can be adjusted according to changes in AR (pumping can be increased by the amount of 

increase in AR). This method is simple to implement and it is more effective in addressing 

the temporal externality, in which the impact of groundwater pimiping is separated from 

the pumping activity by an extended period of time, which could be many years (due to the 

nature of groundwater movement). It requires minimal administrative arrangements, such 

as the need for water court to detenmae which pumper must cease or reducing pumping, 

and by how much, to avoid damage which may not occur for many years. It addresses the 

issue of predictability, because each permit is defined in terms of quantity of groundwater 

pumped, and is valid for specified period of time, subject to continued groundwater 

rechaige. It provides incentives for anyone to undertake groundwater recharge in 

ecchange for groundwater pumping, and provides assurances that the benefits of 

groundwater development accrue to those who are making investments in groundwater 

recharge. Finally, it permits the maiicet to play a vital role in the allocation of limited water 

resources and permits water to move to high values uses, to achieve the overall goal of 

maximizing net benefits of water use, without sacrificing the rural lifestyle in the area (by 

permitting landowners to pump limited groundwater). 

As to how much groundwater is currently available to be allocated under the 

permit system, it depends on the groundwater sustainable yield. Determining this level 

could be problematic because of the spatial and temporal aspects of the externality 

problem. Since groundwater movement in the regional aquifer is sluggish, averaging about 



222 

7 meters per year, it is difficult to determine whether and how the aquifer is stressed by a 

cone of depression whose impact on the river may be many years away. For practical 

reasons, assuming that the 1990 groundwater budget (see table 3-4) is used as a basis for 

determining the sustainable yield, then only 1,000 acre feet is available for allocation, and 

ADWR could issue permits in this amount. Permits for additional groundwater would be 

based on the implementation of an approved groundwater recharge scheme, as USPP is 

proposing to do. 

8.5.4. Emergence of Water Market 

The groimdwater pumping permit system under this approach provides a well-

defined, exclusive and transferrable right. Three conditions, which are considered in the 

new rule set proposed under this alternative, are also necessary in order for a water market 

to function properly (Colby and Bush, 1987). First, the permit system must provide 

secure, defined and exclusive rights which are unaffected by the actions of others for both 

sellers and buyers. Such security is best achieved under a permit system in the amount of 

sustainable groundwater yield, based on continued balancing of groundwater discharge 

with recharge. The security of the right is further enhanced because the permit is based on 

hydrologic securit} '̂ (recharge is like a deposit in the storage which can be accessed any 

time by a depositor with a permit), and protected from claims by streamflow 

appropriators. Second, the permit system must allow for flexibility in the allocation of 

Security is enhanced if the source of water is the groundwater storage or a 
reservoir, unlike water from the SPR stream which tends to be erratic. 
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water supplies, such as in the change of location, purpose, and timing of use. Third, the 

mechanism must be able to reflect the public values associated with water by including the 

participation of buyers and sellers who hold such values. 

dwindling federal resources for water development and the limited option for 

such devdopment with the least amount of environmental implications, water maiicets are 

emerging in the western U.S. as a strong force to improve allocation of scarce water 

resources. Such maricets are no longer limited to consumptive uses of water, but have 

been sanding to allocate non-consumptive streamflow water rights. Landiy (1998) has 

observed a recent evolving trend in the western states, in the transfer of water rights for 

streamflow protection. For ^cample, Arizona established in 1994 the Water Protection 

Fund (with a $5 million annual budget) to restore rivers and streams. New Mexico has 

spent more than $18 million, since 1990, to purchase or lease water rights to restore 

streamflows, and Nevada has spent more than $16 million to acquire water rights for the 

protection of two wildlife refuges on Carson River. 

Water markets in Arizona are concentrated within the developed areas, with CAP 

water accounting for most of the traded water, at least within the last few years. Arizona 

amended its statutes in 1996 to create the Arizona Water Banking Authority (ARS 45-

2401), which is designed for the purpose of making full use of the state's Colorado River 

water allocation. In addition, Arizona has a comprehensive Underground Storage and 

Recovery system (ARS 45-801-818), which can be readily used to promote water 

development and marketing in the SPCMA. The system is flexible and even permits the 
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use of the stream channel for water conveyance and recharge purposes which are 

consistent with the management goal of SPCMA. Since Arizona's Banking Authority 

deals strictly with CAP water in the central part of the state, a similar marketing 

arrangement must be designed for the subbasin, to fecilitate the transfer of water 

resources, which could called the San Pedro Banking Authority. Hurwicz (1973), laid 

down six fiictors^ A^ch must be considered in the design of an aOocative mechanism: 

economic efiSciency, equity, transaction costs, strat^c behavior, predictability of 

outcomes, and capabilities of protecting third parties. ADWR must set the terms necessary 

to protect third parties and &cilitate the creation of San Pedro Banking Authority. Such an 

authority is vital for the subbasin, primarily to reduce transaction costs and to fecilitate the 

transfer of water in small quantities (MacDonnell et al., 1994). The market also can be 

expanded to trade efSuent, imported water, and even sur&ce water, upon the conclusion 

of the adjudication. 

8.5.5. Additional Provisions 

The director of ADWR has wide ranging authorities, inchiding those granted under 

the AGMA. In addition to regulating the transfer of groundwater from the Douglas basin 

into SPCMA, the director has the authority to require exempt wells to be metered and 

subject to pumping fees, mandate conservation programs for all uses in the basin, and to 

encourage local interests (i.e. USPP) to submit groundwater augmentation plans to 

develop additional groundwater resources. 



225 

8.6. Probiem-Solvuig Strategies Under SPCMA 

8.6.1. OCX. Roles Changes 

Establishing SPCMA results in expanding the scope of the prior appropriation 

doctrine to tributary groundwater in the basin, which unifies and significantly change the 

operational choice level mles for both groundwater mles as well as surfiice water. 

Scope: uses of water resources in the SPCMA, sur&ce water and tributary groundwater. 

Position 

1. Streamflow Appropricaor 

2. Groundwater Permit Holder 

3. Landowner 

4. Instreantflow Appropriator 

5. Administrator 

Boundary 

1. Streamflow Appropriator. secure a recognized right to divert streamflow water. 

2. Groundwater Permit Holder, secure a valid permit to pump groundwater. 

3. Landowner, temporary or permanent lease of land. 

4. Instreamflow Appropriator. Certificated mstreamflow right. 

5. Administrator. Arizona statutes. 

Authority 

1. Streamflow Appropriator. divert surface water in the amount approved according to 

seniority rule (first in time, first in right) at specified points of diversion for beneficial use. 
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A streamflow right may not be impaired by ai^ subsequent groundwater pumping permit. 

Such a right can be freely transferred separately from the land, provided the transfer does 

not adversely affect existing rights. Place of use and point of diversion can be changed 

without loss of priority if not detrimental to existing rights, including instreamflow rights. 

2. Groundwater Permit Holder, pump groundwater in specified quantity and over the 

duration of permit. Permits are conditioned on the availability of sustainable groundwater 

yield, short of injuring vested streamflow rights, and can be freely transferred through the 

San Pedro Banking Authority. Pumping groundwater is restricted to wells completed on 

land within Zone 2, and no pumping is permitted in Zone 1. 

3. Landowner: can complete exempt wells in Zone 2, but must seek permits from ADWR. 

Pumping must be metered, and is limited to not more than 5,000 gallon per day^, and 

subject to a pumping fee. 

4. Instreamflow Appropriator. right to instreamflow uses, short of consumptive use, for 

fish and wildlife purposes. 

5. Administrator. ADWR plays an important enforcement role with respect to compUance 

with groundwater pumping and the protection of streamflow rights. Active monitoring and 

collection of information on instreamflows and groundwater levels. 

Information 

Streamflow appropriators (diversion and instream) provide information to ADWR if their 

° The limit set by State of Washington on exempt wells (WRC 90.44), which is 
the least amount in the western states. 
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vested rights are injured. Groundwater appropriators report groundwater pumping 

activities. Landowners nuist provide information to ADWR about exempt wells. ADWR 

disseminate information about non-consumptive water uses in the area (since such uses 

have recognized economic values), since it must secure the long-term maxinnmi net 

benefits to the state. 

Aggregation 

Rights of both streamflow and instreamfiow appropriators are satisfied and 

protected, and if any of these vested rights are injured, appropriators can sue for damages. 

Streamflow is restored and the groundwater aquifer is in safe yield condition. Sustained 

groundwater yield is contingent upon increases in AR. The greater the vahie of AR, the 

greater the quantity of sustained groundwater yield, for which groundwater permits are 

available. Landowners are protected by securing limited and controlled access to 

groundwater (equity consideration). Water rights, streamflow or groundwater permits, are 

fi'eely transferable, subject to approval by ADWR and San Pedro Banking Authority. The 

groundwater aquifer is managed on the basis of providing sustained groundwater yield. 

Groundwater pumping is prohibited in Zone 1, to protect groundwater table in the 

floodplain alluvium fi'om adverse impacts and to maintain the riparian habitat of SPRNCA 

The value of non-consumptive water use and the public value of water, are recognized and 

protected to secure long term maximum net benefits of water use to the state. 

Since groundwater may only be pumped on sustainable basis and such pumping 

would be balanced by comparable increase in groundwater recharge, depletion of 
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groundwater, AS, would be eliminated, which can be mathematically stated as: 

AR = AD + (Dm + DA) 

where: 

AR: artificial groundwater recharge 

AD: pumping-induced decrease in natural discharge 

; agricultural groundwater discharge 

The most significant change in SPCMA rules is the elimination of groundwater 

overdraft, AS, by balancing groundwater pumping with comparable recharge. The 

mathematical relationship embodies the management goal of SPCMA (to protect 

streamflow and to provide for the use of and development of the groundwater resource in 

the basin on sustainable basis). It states that artificial groundwater recharge, AR, would be 

increased to protect the stream flow, through an increase in natural groundwater 

discharge, AD, (baseflow) and to balance cultural groundwater discharges (D^ + D^). 

Payoff 

Benefits of diverted streamflow water accrue to right holder. Benefits of using 

groundwater accrue to those who can secure a permit to pump. Benefits of non-

consumptive water uses accrue to both: those with use values (UV) and those with non-

use values (NUV). Since rights are transferrable, and the groundwater is limited, water 

will move to high valued uses, and as a result the net economic benefits generated by 

water will increase. The overall use of water by all types of uses will produce the 

maximum net benefits to the state. 
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8.6.2. CCL Rules Changes 

The sweeping changes in the OCX are made possible through changes in the 

collective choice rules. The most notable change is the creation of water marketing 

mechanism to facilitate transfers of water permits and rights. In addition, the creation of 

SPCMA expands the authority of ADWR to carry out a management strategy based on 

protecting streamflows and controlling groundwater pumping by periodically assessing the 

sustainable yield of the aquifer. The list below pertains only to important changes in 

existing rules, which reflect modified rules under SPCMA. 

Scope 

Changes in water use rules within SPCMA. 

Position 

1. Regulator 

2. Streamflaw and Instreamflow Appropriators 

3. Groundwater Permit Holder 

4. San Pedro Banking Authority 

Authority 

1. Regulator, the director of ADWR has overall authority to adopt strategies necessary to 

maintain streamflow rights and regulate groundwater pumping based on sustained yield 

level. The director, therefore enjoins groundwater pumping within Zones 1 and 2, issue 

permits for exempt wells to landowners, and issue groundwater permits in the aggregate 

quantity of sustained groundwater yield. ADWR develop and adapt approved methods to 
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calculate the target steady-state of streamflow water and a sustained yield groundwater 

pumping. Sustained yield, and hence the aggregate groundwater pumping, is adjusted in 

accordance to increases in AR. Prior to issuing a groundwater permit in the SPCMA, 

ADWR must approve a groimdwater recharge plan, which is based on hydrologic 

feasibility. Public interest and public vahie of water must be considered as part of the 

permitting process and must be sought at all stages of water planning and allocation in the 

SPCMA. ADWR keeps detailed dd}it and credit storage account system for stored or 

recharged groundwater in the SPCMA. 

2. Streamflow and Instreamflaw Appropriatars\ can lease or sell water rights for either 

consumptive^ including groundwater recharge) or non-consumptive water uses 

(enhancement of streamflow). Landowners, under the existing set of rules, can protest the 

enjoinment of groimdwater pumping in Zone 2 on the ground that their wells do not pump 

tributary groundwater, but th^ bear the burden of proof 

3. Groundwater Permit Holder: acquire groundwater permit (trade or by ^plication to 

ADWR). Submit hydrologic study to show feasibility of groundwater development or 

recharge and i^ approved, obtain a pumping permit in the quantity of groundwater 

recharged. Beside technical feasibility, applicant must show financial ability to operate the 

project and the right to use the proposed recharge water source (eflQuent, streamflow 

° Note that this there might be need for additional rule changes to permit 
streamflow appropriator to use water for groundwater recharge. The law at this time 
preclude that, claiming that water must be left in the stream for the benefits of junior 
streamflow appropriators. 
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water, storm runofi^ etc.). The project must not unreasonably harm other land users or any 

groundwater supply, and could use the natural stream channel of SPR as part of the 

recharge process. 

4. San Pedro Banking Authority acts as a clearing house for buyers and seUers of water 

rights and permits in the area, including imported water. Can fedlitate groundwater 

pumping in small quantities while nwintflining low transaction costs for buyers and sellers. 

Information 

DWR has adequate information on the wells that must enjoin groundwater pumping 

(ADWR, 1991). However, a basin-wide model is needed to assist local stakeholders in 

groundwater recharge decision-making. Also an optimization model is needed to regularly 

calculate the target steady-state of streamflow water and the sustained yield of 

groundwater pumping. Although environmental assets of SPRNC A and the public value of 

water are recognized, information about the fiill magnitude of intrinsic values of 

SPRNC A, as a unique ecosystem and the existence values of its envirormiental assets (UV, 

and NUV) must be produced. 

Aggregation 

The groundwater aquifer is used as storage "and treatment fecility" for those who 

wish to develop additional groundwater and secure groundwater permit to pump such 

water. Those who develop groundwater are guaranteed the right to recover the water 

stored or recharged in the aquifer. Water permits secure groundwater rights and provide 

flexibility to transfer and trade these rights. This new set of rules results in the creation of 
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water marketing authority which &cilitate efficient transfer of water rights, especially in 

small quantities. The stream channel of the river is available for use in recharge projects, 

which will benefit the riparian habitat of SPRNCA, enhance the public value of water, and 

reduce the cost of groundwater recharge. Water resources in the SPCMA are managed so 

that sustained groundwater yield is pumped and streamfiow of the river is maintained in 

steady state, and public value of water is considered as part of the overall management 

goal of SPCMA. 

Under this new set of rules, the adjudication and the settlement of GRIC claim 

could be eq)edited. As streamfiow water rights become quantified and well defined, the 

water market could promote the efficient use of water in the area and the state. 

Payoff 

The burden of developing groundwater, including the cost of hydrologic studies, is 

shifted to local stakeholders, rather than taxpayers. The transaction costs of water transfer 

are lowered, but borne by buyers and sellers of water. Individuals who claim that their 

wells in Zone 2 are not pumping tributary groundwater must bear the cost of proof 

8.6.3. Resolution of OCL Problems Under SPCMA Approach 

8.63.1. Depletion 

The most obvious feature of SPCMA doing away with "reasonable use doctrine" 

and the open access characteristic of groundwater use. It adopts a safe yield principle in 

which a sustained groundwater yield must be determined prior to issuing any groundwater 

pumping permits. Under the new set of rules of SPCMA, access to groundwater is 



233 

restricted to landowners with exempt wells and those vdio secure puniping permit. 

While the boundary rule for exempt wells did not change, these wells are no longer 

treated by ADWR as de minimus, and their groundwater use is no longer characterized as 

an open access, due to change in their authority rule, which requires them to limit 

pumping to not more than 5,000 gallons per d^, meter their pumping and pay pumping 

fees. As to other pumping activities, the boundary rule has also changed drastically, from 

landownership into securing a valid groundwater pumping permit. Authority rule of 

groimdwater permit holder is structured in terms of time and quantity. Pumping is 

permitted for a specified period of time (no permit is valid indefinitely) and for a specified 

quantity of groimdwater to be pumped while the permit is valid. The aggregate quantity of 

groundwater pimiping for all valid permits in the SPCMA is commensurate on the level of 

sustained groundwater yield, and it can not be greater than AR. ADWR determines and 

adjusts the sustained yield for the area based on the changes in groundwater recharge 

activities in the area, and issues pumping permits upon approving an application for 

groundwater recharge. Since under this new set of rules, the use of groundwater is based 

on sustained yield with strict rules of use and entry, the depletion problem of groundwater 

in the basin is resolved. 

8.6 .̂2. Exteraality 

The SPCMA rules recognize the hydrologic connection of surface and ground 

water and the fact that groundwater overdraft results in diminution and eventually 

impairment of vested streamflow rights, which were perfected during the last century, well 
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before groundwater development. The most striking feature of this institutional 

alternative, and unlike the previous two, is the change in the scope rule to include all water 

resources in the area under unified set of rules. Another feature is the consideration of 

public value of water as part of the management goal for the SPCMA. These two changes 

affect externalities in two w^. First, streamflow appropriators (streamflow and 

instreamfiow), i^o under the existing set of rules suffer injury but have no recourse to 

enjoin the harm, are the for the first time recognized under the new set of rules and their 

vested rights are protected. Second, the groundwater table in the fioodplain alluvium is 

maintained within the root zone of riparian vegetation within SPRNCA^. 

Resolution of externalities in the area requires an adequate mechanism to 

internalize external costs, which is achieved by providing the streamflow appropriators, 

who suffer injury of right on the hands of groundwater pumper, with the ability to enjoin 

pumping activities which harm their vested water rights. This was resolved by 

restructuring the position rule to do away with the landowner position and substitute it 

with the position of groundwater permit holder. Although entry to the position is open for 

anyone, the authority is severely restricted to pump pre-specified quantity of groundwater 

over a well defined period of time. Since ADWR adopted the goal of maintaining the 

river's streamflow at a steady-state and restricts the aggregate quantity of groundwater 

" One can argue that this is another externality, although it could be considered a 
subset of the previous one, simply because groundwater level could decline, and riparian 
vegetation show signs of stress, while the streamflow is diminished. 
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that can be pumped at any given period of time to the sustained yield (artificial 

groundwater recharge must be equal to AR), the externality problem is resolved under tins 

newt set of rules. Streamflow appropriators, under this set of rules, have dual protection, 

simply because ADWR controls pumping in the area and adopt maintenance of the 

streamflow as a management goal, and because th^ enjoy the protection of the prior 

appropriation doctrine. 

8.6.33. Underinvestment 

Resolution of underinvestment depends on changes in the information rule to 

produce information about the full extent of economic values associated with use as well 

as non-use of environmental assets available in the area. Beside the economic value of 

consumptive water uses, values generated through non-consumptive water uses, which 

include use values (UV) and non-use (NUV), must be considered. The inclusion of these 

two values will reveal a much higher economic value, due to previously ignored 

environmental assets and public goods produced in SPRNCA. These values are critical, 

not only for the protection and maintenance of these assets, but also for future provision 

of these assets. Although such information is not produced, the SPCMA rules provide for 

the consideration of public vahie of water in water planning and management stages. In 

addition, allocation of water, for different uses, must be consistent with securing the 

maximum net benefits for the state. As a result, the fiiU magnitude of economic ben^ts 

(TEV) of water will have a better chance of being considered under this approach. 
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8.63.4. Maldistribution 

Like externality, maldistribution problem is usually addressed through changes in 

position and authority rules. The scope of this new set of rules, under SPCMA, is 

expanded to include streamflow appropriators and the management goal must be centered 

around providing the maximiim net economic benefits for the state, which implies that a 

host of new uses of water (UV and NUV) are accounted, although indirectly. The main 

issue here is the recognition of streamflow appropriators in the management and allocation 

process of groundwater, which protects their rights. This new rule set is likely to make 

landowners unhq}py, since their unimpeded access is no longer available. The equity issue 

is eased somewhat by providing landowners with the right to complete exempt wells, not 

subject to groundwater allocation under the permit system. The maldistribution problem is 

addressed better under SPCMA, because it creates a water market which extend access 

to water resources to all stakeholders. Such a mechanism should ease, and could even 

avert water scarcity in the area. 

8.7. Discussion of SPCMA Institutional Solution 

The new operational choice level rules set under the SPCMA required sweeping 

changes at the second level in order to achieve the operational choice level rules changes. 

The only actor at the third level with the authority to these sweeping changes is the 

Arizona legislature, which could amend the AGMA and give ADWR (at the second level) 

the authority necessary to change existing operational choice level rules. Action on the 

part of the legislature and ADWR result in the creation of water maricets, in which 
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groundwater permits, and even streamflow rights, can be exchanged. The permit system 

adopted under this approach is based on well defined and exclusive rights m the amount of 

sustainable groimdwater. 

SPCMA is, therefore, a market approach to resolve water and natural resource 

problems in the area, which the previous two options, SPAMA and SPWMI, &il to 

address. The market does not only fiicilitate transfer of rights to use high vahie uses 

(promotes conservation), but it also provides incentives to expand the development of 

sustainable water supply, because approved groimdwater recharge plans are guaranteed a 

groundwater pumping permit. The r^M^ory component in this approach is a necessary 

ingredient, and even universal, because government plays vital role in defining water 

rights, facilitate bargaining among buyers and sellers (i.e. reducing transaction costs) and 

enforcing contractual obligations. 

One of the important advantages of this approach is the reconciliation of the state 

water law with its federal counterpart. Since federal reserved rights are adjudicated in the 

state court, extending prior ^propriation to groundwater in the basin has been an 

contentious issue between federal and state governments. The state has been trying to 

resolve this issue through the court system (the matter is currently before the Arizona 

Supreme Court), but so far unsuccessfiilly. Adopting the SPCMA approach will give the 

state the ability to resolve federal reserved right claims in the area. 
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CHAPTER9 

FINDINGS AND RECOMMENDATIONS 

The four natural resource use problems identified earlier (depletion, externality, 

underinvestment, and maldistribution) all occur in the Sierra Vista subbasin. Existing 

water institutions are inc{^)able of efifectively addressing them. Arizona's water law, as it 

^plies in the subbasin, considers streamflow water to be public property and subject to 

appropriation under the prior appropriation doctrine. Groundwater, however, is not 

regulated and is considered to be the private property of the overlying landowner. The law 

also does not recognize the hydraulic connection between sur&ce and groundwater. This 

bifurcated water legal system was crafted many years ago, when modem day problems did 

not exist or th^ were poorly understood. While science and technology made tremendous 

advances and helped us understand hydrologic reality, water laws in Arizona did not keep 

abreast of these advances. Although the law has experienced a very modest change in 

response to changing social values over water (i.e. the introduction of instreamflow rights 

and establishment of the Water Protection Fund), it does not protect streamflow and 

riparian habitats from uncontrolled use of groundwater. 

The river is one of few undammed rivers in the state with a perennial reach which 

supports biologically diverse and fragile riparian habitat. Ground and surface water occur 

in the area in a continuum, and the baseflow of the river is maintained by groundwater 

discharge from the deep aquifer to the river's stream. Groundwater pumping in subbasin 

has increased dramatically over the last sixty years and has resulted in a regional cone of 
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depression which is influencing the ground and surfiice water hydrology in the area. It is 

estimated that 40 percent of groundwater pumping in the subbasin is captured from the 

SPR and 48 percent of such pumping is derived from the deep aquifer storage (Vioimet 

and Maddock, 1992). The most recent studies indicate that reduced groundwater 

discharge to the stream resulted in a diminished baseflow by as much as SO to 66 percent 

(CoreU et al., 1996; Mac Nish, 1998). 

Congress designated in 1988 the SPRNCA in recognition of the need to preserve 

and even enhance the riparian habitat and its rich biodiversity. The area is important, not 

only because it is one of the few remaining riparian ecosystems, but also because it 

supports about 390 bird species and is vital for millions of migratory birds, who winter in 

the southern part of Mexico and migrate north to Canada and the U.S. in the summer. 

Maintenance and survival of riparian vegetation in this area depends on the shallow 

groundwater table within the floodplain alluvium of the river. Cottonwood seedlings are 

very sensitive to declines in the groundwater table and in their first year of life require a 

depth to groundwater of not more than 1.5 to 3 feet for successfiil establishment. Mature 

cottonwood and willow trees require groundwater depth of no more than 10 feet below 

surface, but a 10 feet decline results in a loss of vigor, decline in tree density, loss of 

canopy foliage, and even tree death. Reduction or loss of cottonwood and willow trees 

from the riparian zone could disrupt the natural ecosystem processes such as soil 

development, terrace building, succession, and understory species establishment. The lack 

of recent cottonwood and willow establishment, between Tombstone and Benson, is a 
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strong indication of groundwater decline in this part of SPRNCA. 

9.1. Rise of Natural Resource Problems in Sierra ̂ sta Subbasin 

Under existing conditions, maintaining the streamflow of SPR and shallow 

groundwater table are not compatible with current groundwater pumping activities within 

the subbasin, simply because pumping activities extract water directly from the river and 

cause a decline of the groundwater table beneath the riparian forest. While the sur&ce 

water of the SPR was fully appropriated, under the prior appropriation doctrine, well 

before the turn of this century, groundwater pumping is subject to the "reasonable and 

beneficial use" doctrine, which gives the owner of the overlying land the right to pump as 

much water as can be put to beneficial use. Although excessive pumping diminishes the 

basefiow of the river, the law does not protect appropriators of streamflow, because it 

ignores modem hydrologic understanding and does not recognize the hydrologic 

connection between ground and sur&ce water. This lack of recognition is what gives rise 

to most of the water and related resource problems in the subbasin. 

Groundwater depletion is caused by an unimpeded access to groundwater by all 

landowners in the subwatershed, and the absence of any authority system whose purpose 

is to introduce and enforce a set of rules among landowners with respect to rate of 

pumping. Since groundwater is both flow and stock, pumping at rate higher than the rate 

of flow (sustainable groundwater yield) will lead to depletion of the groundwater stock, 

which is manifested by a mounting groundwater deficit of 7,370 acre feet per year. The 

problem of depletion is due to deficient boundary and authority groundwater rules. The 
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boundary rule gives a huge number of landowners access to groundwater at will, with no 

barriers to entry. The authority riile gives each the privilege of pumping as much as 

pumper can put to beneficial use, with no regard to the impact such pumping may have on 

groundwater stock. 

Depletion and externality both result from groundwater overdraft. The decline of 

the groundwater table reduces groundwater discharge to both the SPR and the floodplain 

alluvium. The externality problem is then two-fold. On the one hand, the streamflow of 

SPR, which is fiilly appropriated, is Himwikhing and on the other hand, the well being of 

riparian vegetation within SPRNCA is threatened. The problem is fiuther complicated by 

sluggish groundwater movement in the regional aquii^, which averages about 23 feet (7 

meters) per year. The diminished streamflow of SPR could be the result of groundwater 

pumping many years ago and the efifect of current pimiping activities may take many years 

into the fixture to be reflected in both the SPR and riparian vegetation. This means if 

pumping is to cease today, the harm associated with it will continue for years. 

While groundwater depletion results in diminishing streamflow, the problem of 

externality is attributed to deficient ground and sur&ce water rules, simply because the 

scope rule of each limits the domain of such rules to one or the other, while in hydrologic 

reality no division really odsts between both of them. These rules ignore the hydrologic 

reality of the relation between tributary groundwater and streamflow, and deny 

appropriators of streamflow a position to protect their vested water rights. With the lack 

of position, there is also lack of authority, to enjoin pumping activities injuring streamflow 
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rights or seek compensatory damages for such harm. Instead, landowners under existing 

groundwater rules are immune from liability for damages (dimimshed streamfiow), while 

appropriators, under sur&ce water rules, are left with an insecure water right. 

Unfortunately, this was the lesson that could have been learned from Santa Cruz River and 

many parts of Gila River. The opportunity to save the San Pedro River and its riparian 

habitat from similar fete will require prompt and bold action. 

Underinvestment is a problem related to the environmental assets and public goods 

provided within SPRNCA. Public goods are produced by the government since private 

investment in providing them is unlikely due to their unique characteristics. Since there is 

no market for such goods and no price signal, which can be used to determine the 

appropriate level of production, their provision is based on political, rather than economic 

considerations, and as a resuh th^ are often underproduced. The problem then, is the lack 

of information on the fiill economic value of these goods, which can be used to justify 

more appropriate level of production of these goods. Resolution of this problem requires a 

comprehensive economic valuation, or TEV. Since environmental assets of SPRNCA 

produce a stream of benefits over time, TEV is the sum of all use values (UV) and non-

use values (NUV) associated with these assets. While UVs are associated with the direct 

use of these assets, NUVs are associated with a segment of society that accrue benefits 

from the knowledge that others might benefit from these assets in the future, or from the 

mere existence of the resource. In the case of SPRNCA, these values could be in the 

magnitude of hundreds of millions of dollars, and unless these values are estimated, the 
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environmental assets of SPRNCA will be underproduced. While the CEC (1998) report 

was a step in the right direction, by acknowledging the existence of unique environmental 

assets that need to be protected, it did not provide the comprehensive economic valuation 

to resolve this problem. 

Scarcity is manifested in the subbasin by the lack of adequate water resources to 

satisfy all needs, which gives rise to the problem of maldistribution. This problem is 

inevitable, under existing water use rules, because most water uses are incompatible 

(meeting cultural water demand means less water is available for streamflow and 

instreamflow appropriation and for the maintenance of SPRNCA) and there is a lack of 

recognition of ownership of tributary groundwater. While the cause and effect in the case 

of ectemaiity could be separated by time or space, no such separation exists in the case of 

maldistribution. The same deficient set of rules, ground and sur&ce, which give rise to 

externality, also give rise to this problem. Namely, the bifiircated water legal system, 

which artificially divide water into two separate bodies of water, does not recognize 

streamflow appropriators are appropriators of tributary groundwater, and at the same time 

it does not give them control over such water (which is part of the streamflow). The 

resolution of this problem requires merging ground and sur&ce water rules under one 

system, which will give ownership recognition to appropriators, and help them protect 

their vested water rights. 
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9.2. Role of bistitational Designs in Problem Resolntion 

9.2.1. Depletion 

The underiying and most serious cause of all four problems is groundwater 

depletion. Current groundwater use characteristics fits those of the open access metaphor, 

in which groundwater use is open to any landowner in the subwatershed (no one is 

excluded) and there is no limit on the rate of extraction by users, as long as it can be 

justified as beneficial and reasonable. Cessation of groundwater depletion is a pre-requisite 

for any meaningful solution to the area's water problems. Although SPWMI requires 

establishii^ an INA in the subbasin, it does not ofifer any solution to this problem, simply 

because OCL rules under this option do not change the groundwater use characteristics. 

In other word, groundwater is still treated as an open access resource, with the SPWMI or 

without it. 

SP AMA feirs a little better than SPWMI in terms of changing the open access 

character of groundwater, by doing away with the reasonable and beneficial use doctrine, 

and declaring groimdwater to be public property subject to use under strict permit system. 

SPAMA rules limit entry to the groundwater pumping position to those who acquire a 

groundwater right and changes the authority rule to restrict the rate of pumping to the 

amount specified for each right (except service area rights) and to restrict the long term 

aggregate pumping to a sustainable level (safe yield). The SPAMA rules introduce few 

important changes that could reduce overdraft in the subbasin, including capping water 

uses, proUbiting water export to Bisbee, and mandating conservation requirements for all 
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users. Water conservation is based on a reduced vohime of pumped water, except for 

service area rights which are based on reduction of rate of use, rather than the volume of 

water use. Groundwater overdraft could, therefore, be reduced under SPAMA rule 

changes but not eliminated. Although imported water would be available to reduce the 

subbasin's dependence on groundwater, the SPAMA rules do not address the lack of 

incentive to shift to more costly imported water supply. Additional rule changes would 

therefore be needed such as an increase in pumping fees to make local groundwater cost 

comparable to the cost of an imported water supply. 

The SPCMA is the only approach that could efifectiveiy address the problem of 

depletion. Groundwater is not only treated as public property and subject to appropriation 

(no longer characterized as open access), but its pumping is restricted to a sustainable 

yield, and conditioned on the fact that no harm or injury to streamflow appropriators is 

permitted. All pumping activities depleting groundwater stock are outlawed, and pumping 

is subject to securing a pumping permit. Under SPCMA, both ground and sur&ce waters 

are merged under one set of fundamental riiles consistent with hydrologic reality in the 

subwatershed. The SPCMA rules restrict pumping position to those who could acquire a 

pumping permit (which is maiicetable), and structured the authority rule to restrict rate of 

pumping to specified amount. The permit issuing agency also restricts the aggregate 

amount of pumping in the subwatershed to the sustainable groundwater yield. 

Although water import is an option under all three approaches, SPWMI and 

SPAMA &il to induce rule changes to make use of such water, simply because they 
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provide landowners no incentives (positive or n^ative) to switch to the ahemative supply 

of water. Each landowner is &ced with the option of pumping local groundwater, or 

switching to an ahemate supply at cost 6 to 7 times higher than local groundwater, with 

no incentive to do so (mechanism to internalize external cost). However, under SPCMA 

groundwater pumping is restricted to the sustainable yield, and if such yield is not 

sufficient to meet the subbasin's demand for water, imported water must be used since 

groundwater is no longer an available option. The important change lies in the payoff rule, 

which makes landowners face, in addition to the cost of groundwater pumping, a penalty 

for harm and injury to streamflow appropriators, or the external costs associated with 

diminished streamflow. As a result, the cost of groundwater is increased to a level where 

the alternate supply of water is more affordable. 

The SPCMA rules result in the introduction of a market approach to address water 

scarcity and allocation, which has two distinct positive impacts on water use in the 

subbasin. First, water, as a precious commodity, will move to higher valued uses. Second, 

the shortage of sustainable water supply will be addressed through short term and long 

term solutions. The short term solution is through water importation, from either Benson 

subwatershed or from outside the USPRB. However, in the long term, a local 

groundwater resource development is expected through increased groundwater recharge. 

The rules of SPCMA are crafted so that a groundwater permit will be issued in the 

quantity of groundwater recharge undertake (based on an approved hydrologic study). 

Such an undertaking is possible due to the higher cost of import water, and the well 
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defined and guaranteed right to receive a groundwater permit in the amount of increased 

groundwater recharge. 

9.2.2. Externality 

Since solving the externality problem is contingent upon halting groundwater 

depletion, rule changes under neither SPWMI nor SPAMA could address the issue of 

externality. While the SPWMI did not alter the status quo in the subbasin, SPAMA makes 

the problem of externality even worse, simply because pumping activities, which are 

known to harm and injure streamflow appropriators, receive valid groundwater rights to 

continue harm and injury. Establishing the SPAMA, therefore, does no more than legalize 

activities that diminish the river's baseflow and lead to the loss of riparian habitat within 

SPRNC A, due to groundwater table decline. 

Since depletion and ^emality are two sides of the same coin in this case, an 

option which effectively addresses depletion will necessarily address externality. SPCMA 

is the only approach that could effectively address both of these problems. The goal of 

SPCMA is the simultaneous sustainable use of groundwater and the protection of 

streamflow rights under the prior appropriation doctrine include appropriators. The scope 

of SPCMA rules include both surface and ground water, under which appropriators have 

the authority to enjoin activities which harm their vested water right and seek 

compensation for such harm (internalize the external cost and make those who pump 

excess groundwater responsible for injury to vested water rights). 
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9.23. Underinvestment 

The first two options (SPWMI and SPAMA) do not a£fect in any way the 

underinvestment problem, which requires producing information about the fiiU extent of 

TEV, by including not only UVs but also NUVs as well. Although SPCMA does not 

address this problem directly, it recognizes public value of water and protects 

instreamfiow rights necessary for the preservation of SPRNCA. In addition, it seeks to 

allocate water in a manner consistent with securing the maximum net benefits for the state. 

As a result, the fiill magnitude of economic benefits (TEV) of water will have a better 

chance of being considered under this approach. 

9.2.4. Maldistribution 

The maldistribution problem is addressed by the same rule changes which address 

externality. Both SPWMI and SPAMA feil to expand the scope of their rules to recognize 

streamflow appropriators. SPCMA is the only approach which enable appropriators to 

gain control (position and authority rules) over streamflow rights. The issue of water 

scarcity will intensify under SPCMA approach, because it will make those who 

traditionally treated groundwater as an open access resource unhappy. The problem, 

however, is eased because water will be available, through the market, to all stakeholders. 

In addition, addressing the issue of sustainable water use, recognizing the public value of 

water, and aUocating water in a manner consistent with securing the maximum net benefits 

for the state, all potentially address the issue of equity in the long term (since all Avill be 

better off in the long run). 
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93. Recommended Action-State 

Tradhioiial water resource planning and numagement presume that growth and 

society's well being require a steady increase in future water supply. Such was the case in 

the western states, when conflicts were resolved by moving on to conquer the "next" 

frontier (stream, ore deposit, etc.). Such a strategy woiiced well when there was more 

"nexts" or frontiers to be conquered, and more resources that could be exploited. The 

trouble with this mentality, as Lord (1990) puts it, is "there are no longer any "nexts," and 

we have better adjust our behavior and our policies to this reality". Water users, specially 

in the western states, have been slow to respond to this reality. United States has one of 

the highest per capita water uses in the world, second to Australia, with an average of 159 

gallon per capita per day, compared to 40 to 53 gallons in certain European countries 

(Heathcote, 1998). '̂ On the other hand, among the developed nations, western European 

countries have adjusted to the reality of water sustainability, and adopted to "living within 

available means". 

In the Sierra Vista subbasin, the "next" has naturally been, as in other parts of the 

state, the groundwater resource. But in the riparian ecosystem of the SPR, this resource 

sustains the streamflow, and since pumping has sharply been increased beyond the flow 

level of the groundwater system, the stock has been progressively depleted. If such 

" The average is based on four European countries, Belgium, France, Germany, 
and the Netherlands. While water use is influenced by population size and density, per 
capita income and annual precipitation, the U.S. use rate is more than 3 times of that of its 
European counterpart. 
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depletion is to continue, then the San Pedro River will go dry, just like the Santa Cruz 

River in the Tucson area. This research has shown that institutional designs under the 

1980 AC^4A (INA or AMA) would fiiil to effectively resolve the two most important and 

urgent water resource problems in the subbasin, depletion and externality. Since the only 

approach that can effectively address these problems is the SPCMA, because it provides 

the necessary adjustment in behavior and policy to the reality of limited water resources. 

Therefore, the state must rely on innovative methods to redesign its water institutions 

based on recognition of interaction between ground and surface water, and the adoption 

of a conjunctive management approach. The institutional design based on SPCMA could 

not only resolve water problems in the subbasin, but it could also serve a model for 

resolving similar problems throughout the state. Furthermore, it could also foster a 

mentality of sustainable water use, which is inevitable for the economic well-being of the 

present and &ture inhabitants and for the ecological weU being of the west. The list below 

summarizes actions that the state may need to take in the subbasin to simultaneously 

develop and manage a sustainable water supply: 

1. Redesign water institutions in accordance with the principles laid down in SPCMA 

approach to bring all water resources under an integrated management system 

consistent with modem hydrologic science. The most obvious advantage of this 

approach is the recognition of ground and surface water interaction, which will 

facilitate the conclusion of the Gila River Stream Adjudication. If the legislature 

acts, it will end a decades long evasion of the issue and shifting the burden to the 
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state judiciaiy, which has always been reluctant to address it comprehensively. The 

conclusion of the adjudication will pave the way for the settlement of GRIC claim 

to San Pedro River streamflow, ̂ ^ch will most likely benefit the subbasin through 

transfer of water rights (see Reconmiended Action-Federal, below). 

Redesigning water institutions according to SPCMA will create a water market, in 

which water can be transferred and moved to higher values uses. Under this 

approach water conservation will be adopted and efiBciency is expected to be 

improved across all uses, because water waste comes at high cost. The state, 

therefore, should make the necessary institutional changes to &cilitate maiicet 

transactions. Such a market is necessary for the development of additional 

sustainable groundwater resources, and the transfer of such water to users in the 

subwatershed, especially in smaller quantities. 

Develop a local sustainable water supply and promote the concept of'̂ living 

within available means", by relying on augmentation and groundwater recharge to 

increase sustainable groundwater yield, and thereby, increase the local supply of 

water. The wish-list of USPP is a good starting point for this purpose. 

Commission a basin-wide study to determine prime areas, where groundwater 

recharge is most feasible, on private and public lands. In addition, consider 

additional institutional changes or design to provide incentives to &cilitate 

implementation of recharge projects throughout the area. 

There is an emerging market for instreamflow water uses in the west. Arizona is 
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lagging behind other western states in marketing instreamflow rights, this is not 

surprising, because the water institutions do not provide any protection for these 

rights. The state, therefore, must redesign its water institutions to provide 

adequate protection for these rights (SPCMA is the only institutional alternative 

capable of providing such protection). Protection of these rights, not only 

consistent with the change in social values over water, but also could boost the 

economy by enhancing the eco-tourism industry in the state. Furthermore, it could 

attract millions of dollars in public and private funding (federal government 

spending accounts for more than half of the money spent on acquiring and leasing 

instreamflow rights) for preservation and restoration of instreamflow. Since the 

state currently has surplus of CAP water, some of which is being stored 

underground, the state can benefit fi'om instreamflow rights markets to restore 

streams, recharge its depleted aquifers, and defi^y the cost of recharging the costly 

CAP water. A major advantage of these rights is that they are non-consumptive, 

which means they contribute to the efiSciency of water use and they increase 

benefits of water use. 

S. Since real opportunity and meaningfiii participation in water policy decisions are 

needed to protect the water and public interests in the area, fiuther improvement 

and expansion in the collaborative efforts of USPP is needed. USPP must to be 

instrumental in adopting balanced, open and inclusive approaches at the basin's 

level, where all water interests, public and private, can work together to fonnulate 
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and develop locally-based solutions based on development of sustainable water 

resource for the area. The wish-list compfled by USPP is a good start, however, 

the analysis in this research indicates that institutional reform is a must before any 

of proposals on the list can be effectively implemented. The SPCMA approach 

proves that in order to induce investment in groundwater recharge, defining water 

right and strict control of groundwater pumping are two important pre-requisites 

to make benefits of recharge accrue occlusive to the investing party. Since existing 

institutions represent real obstacle, the USPP will not succeed in its effort unless it 

advocate redesigning these institutions to over come these obstacles. 

9.4. Recommended Action-Federal 

1. Once the state redesigns its water institutions according to SPCMA principle and 

concludes the adjudication, the GRIC, which has already settled part of its claim to 

Gila River water for CAP, will most likely be willing to settle its claim for the San 

Pedro River water in a similar fashion. However, there are some obstacle to such a 

scenario, and the federal government needs to remove obstacles to transfer of 

Indian reserved water rights to other federal or non-federal uses.̂  

2. The federal reserved rights in the subbasin are in conflict with each other. Both the 

GRIC and BLM claim streamfiow and instreamflow rights, respectively, while Fort 

Huachuca claims 10,800 acre feet of groundwater right. Federal claims for 

" See Reisner and Bates. Overtapped Oasis. 
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streamflow and groundwater are not compatible, and the federal government needs 

to resolve this issue. Any resolution must be conditioned on the premise of 

maintaining the instreamflow right for 11,023 acre feet, BLM was awarded under 

state surface water law. 

9.5. Recommendations for Future Research 

This research has focused on describing institutions governing water, the problems 

associated with in its use and management, and evaluated alternative institutional changes 

to resolve these problems. During the course of this research a number of issues could not 

be fully considered in the analysis because critical information was lacking. The list below 

includes some of the important issues which would warrant research so that they could be 

included in the analysis of institutional alternatives. 

First, the institutional analysis carried out in this research focused on identifying 

water and water-related resource problems in the USPRB and on the operation choice 

level rules changes to resolve them. These changes are collective choice level, and they 

even could be constitutional choice level, activities. In order to evaluate how these 

changes might be implemented, further research is needed to characterize the 

constitutional choice level rules, identify the collective choice level problems, if there are 

any. Once these problems are identified, further analysis of the collective choice level rules 

is necessary to evaluate how problems at this level can be resolved. Prescription of rules 

changes at the collective choice level (to permit changes in the operational choice level 

rules, proposed in this research), which is a constitutional choice level activity, might be 
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necessaiy to resolve collective choice level problems, and subsequently, the operational 

choice level problems. 

Second, there is a lack of information on the southern one third of the watershed 

which lies in Mexico, and all hydrologic studies are limited to the U.S. portion of the 

watershed. Since efifective management of the watershed and its resources, including 

water, requires an integrated approach, then more information might be needed on the 

hydrology and water uses on the Mexican side to better evaluate their impact on the 

streamflow of SPR and the well-being of the riparian habitat. Such information would be 

useful in considering the prospects of expanding the riparian conservation area to the 

Mexican portion of the watershed. 

Third, there is a need to build upon existing hydrologic modeling efforts to 

evaluate the hydrologic and economic feasibility of watershed management practices 

proposed by USPP to increase the aquifer's sustainable groundwater yield. Also methods 

to determine the sustainable level of groundwater that can be pumped are needed to better 

protect the future streamflow and maintain it in a steady state .̂ 

Fourth, there is a need for research on the impact of artificial groundwater 

recharge on the ground and sur&ce water t^drolo  ̂in the basiiL Research in this area has 

focused on efiQuent recharge to limit the impact of the regional cone of depression on the 

river's baseflow. The USPP is considering groundwater recharge measures to ofl&et future 

 ̂ Some of these methods include Target Level Approach (TLA) or Target 
Objective Approach (TOA) (Peraha and ICillian, 1985; Po^ta and Peralta, 1984). 
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overdraft, and although the potential for such recharge exists, there is a lack of 

information on the technical and economic feasibilities of these measures. 

Fifth, encouraging the use of imported water and groundwater recharge require 

changes in the structures of groundwater cost. Research is needed to evaluate water 

importation options, technically and economicalfy, and to evaluate sources of fiinding such 

as increasing pumping fee or property tax levy, both of which political rather than legal 

barriers. 

Sixth, research is needed to estimate the economic values generated by non-use, 

which could be in the hundreds of millions of dollars. Such valuation is vital for the 

provision of public goods and services and for the preservation and enhancement of 

SPRNCA. Such research could be used to evaluate means to enhance eco-tourism in the 

subbasin. 
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APPENDIX 

CASES OF EXISTENCE VALUE ESTIMATION 

The m^ority of studies attempting to measure TEV of preservation of wilderness, 

species of the brink of ectinction or water in stream show that XV hold significant values, 

and a nuyor proportion of the TEV of both users and non-users is associated with bequest 

and inherent values. In estimating TEV, a number of studies have shown that NUV could 

be far larger in magnitude UV. Schulze et al. (1983) in estimating existence value for the 

Grand Canyon using the contingent valuation approach, found that the ratio of XV to UV 

for the Grand Canyon to be 66; 1. The large ratio was explained by the fact that the 

resource in question is unique and it has no substitute. 

Comparisons of the economic value of natural resources in alternative uses is 

usually used to evaluate changes in the economic welfare due to policy changes. These 

values are being systematically broadened to preservation and recreation values, beside the 

traditional commodity view of these resources. Preservation values for unique and 

irreplaceable natural environments has been expanded to include benefits to consumers 

who wish to maintain the opportunity for future use of the resource (option value) and to 

those who derive benefits from the mere knowledge that the resource exists but may never 

expect to visit (existence value), and included them in the TEV (Loomis, 1988). 

Walsh et al. (1984) in estimating the preservation value of increments in wilderness 

protection, found that non-use demands of Colorado households increased at a decreasing 

rate with added designation. The average WTP for recreation was $14 per day per 
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household. The annual aggregate WTP for preservation was $35 million for 10 million 

acres of potential wilderness. Household were willing to pay additional S21 to protect 125 

additional million acres of wilderness. 

Clonts et al. (1990) estimated the TEV associated with preservation of 15 free-

flowing rivers in Alabama. The average WTP for the preservation was $57 per household 

per year and $64 million on the aggregate. Bequest and inherent values (XV) together 

accounted for more than 67 percent of TEV. Sanders et al. (1990), in a similar study on 

sections of eleven rivers in the Rocky Mountains of Colorado, used mail surv  ̂designed 

to represent resident population of Colorado. Respondent were asked how much th  ̂

would be WTP annually into a trust fimd for increases in the number of specific rivers 

protected. The average annual WTP was $40 per household for the three most valuable 

rivers, 80 percent of which was accounted for XV (non-use values). The average annual 

WTP for the preservation of all 11 rivers was $95 per household. They also attempted to 

estimate the optimal number of rivers to be protected using a dynamic approach. By 

multiplying the average WTP by the number of households and discounting over a 50 year 

planning period, they obtained the present value of total benefits as a function of the 

number of rivers protected, which then was compared to a present value of total cost 

function (which included opportunity costs of giving up alternative uses as well as 

management costs for river preservation). The bet benefits of river preservation was 

maximized at a level of 13.7 rivers. 

Olsen et al. (1991) in estimating the economic values for doubling the size of 
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salmon and steelhead runs in the Columbia River Basin, asked a sample of Pacific 

Northwest households their WTP in the form of rise in the monthly power bill in exchange 

for the sads&ction obtained fi'om knowledge that doubling the fish runs would provide 

more species diversity and greater ecological stability. The average WTP bid for non-

users, with no probability of future use, which assumed to represent a pure XV was $2.21 

per month, while the bid for no-users with some probability of future use was $4.88 per 

month, which included XV as well as a fiaction of option value. The average WTP for 

users represented (TEV) was estimated at $6.18 per month. By multiplying average WTP 

estimates by the number of households in the Pacific Northwest, they obtained the annual 

total value, $171 million, which was not disaggregated into UV and NUV. 

Kirchhoff* (1994) estimated the recreational value associated with two-stream 

dependent sites in southern Arizona, Rams  ̂Canyon Preserve and SPRNCA, and 

streamflows at two reaches of the Rio Grande in northern New Mexico, Taos Box and 

Lower Gorge. Respondents in Arizona were surveyed for their WTP to avoid decrease in 

site quality, due to significant decrease in streamfiow levels, using a one time contribution 

to a non-profit organization. TEV in these cases represent the present values of all UV 

and NUV held by the respondem net of actual trip expenditure. Respondents were 

requested to assume that without specific policy interventions, streamflows and site quality 

would deteriorate, as is the case in the SPRNCA (the baseline level of quality is the lower 

level of resource quality, and therefore the WTP can be interpreted as compensated 

surplus). The net present value to visitors was approximately $2.4 and $0,657 million for 
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the protection of Ramsey Canyon Preserve and SPRNCA, respectively, with NUV 

accounting for more than 67 percent of TEV. Individual bids, on average, represented 

about 0.12 to 0.1S percent of annual income (estimate were based on 1992 visitor 

numbers and bids). 

The KirchhofT study estimated the non-market benefits using the method which 

distinguishes UV and NUV components of TEV. It measures NUV portion by asking 

respondent how much of their original WTP bid (TEV) they still would be WTP if they 

were denied access to the resource, assuming that th  ̂fiilly understand the no-access 

scenario. The study did not attempt to measure non-users, XV, of Ramsey Canyon 

Preserve and SPRNCA held for the preservation of streamflows and riparian habitats, 

which is likely to be substantial. 

Crandall et al. (1992) estimated the economic impact of nature-based visitors to 

Ramsey Canyon Preserve and SPRNCA on total industry output in Sierra Vista area to be 

nearly $3 million per year. Although visitor records for SPRNCA were not available, their 

survey results indicated that 35 percent of visitors to Rams^r Canyon Preserve also visit 

the SPRNCA. They estimated that average anniial visitation to Ramsey Canyon Preserve 

in the two years preceding the study was 28,000 visitors, coming primarily to view birds 

and other wildlife. Overnight visitors spent in Sierra Vista an average of $51 to $55 per 

person per day, while day-trip visitor spent less that $7 per person per day. 
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