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Groundwater is often misunderstood because of its subsurface nature. Consequently, policies 
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battle. The Supreme Court has found itself in the midst of a potential regime shift in terms of its 

decision over transboundary aquifer and groundwater governance. Moving forward, implications 
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Using the Memphis Sand Aquifer as a case study, the ultimate objective of this analysis is to 
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agreement. Additionally, the Internationally Shared Aquifer Resources Management (ISARM) 

program is evaluated as a framework for key considerations when attempting to manage a 
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CHAPTER I INTRODUCTION 

 

1.1 Justification of Research 

 

“When the well is dry, we know the worth of water” 

- Benjamin Franklin, 1746 

 

Groundwater makes up a large portion of the available freshwater on Earth and is also the prime 

source of water for human consumption. According to Hall and Regalia (2016), groundwater 

provides distinct advantages when compared to the benefits offered by surface water resources. 

These include the facts that groundwater is widely available, more resilient to environmental 

pollution, and, with minimal treatment, provides suitable drinking water (Hall and Regalia, 

2016). Historically, groundwater resources have been treated by countries, policy makers, and 

water managers similar to that of an unwanted stepchild (Eckstein and Sindico, 2014). In 

essence, they have either been “ignored, cursorily misunderstood, or intentionally disregarded,” 

resulting in their exclusion from public and political discussion and deliberation (Eckstein and 

Sindico, 2014, p. 34). The inability to actually see groundwater, as it exists in aquifers beneath 

Earth’s surface, has inhibited the understanding this resource.  

 

The focus of past water disputes has been on visible resources, i.e. surface water, though the next 

big conflict among states will concern what cannot be seen, i.e. groundwater held within aquifers 

(Widman, 1968; Hesser, 2011). Such conflicts will come to fruition as individual states within 

the US lack proper groundwater management policies and laws. This fact alone has served as a 

catalyst for increased groundwater withdrawals. When coupled with transboundary groundwater, 

and therefore aquifers, issues of allocation, ownership, and management are introduced. Despite 

our increasing reliance on groundwater, regulation and management of and information about 

aquifers and groundwater resources are sorely lacking, especially in the transboundary context 

(Eckstein, 2007). Given the growing demand for utilization of groundwater, interstate disputes 

over this resource are inevitable (Hall and Regalia, 2016). This is the case within the states, 

specifically Mississippi and Tennessee, that overlie the Memphis Sand Aquifer.  

 

The Memphis Sand Aquifer straddles the Mississippi-Tennessee border and is the primary water 

supply for the City of Memphis (Hall and Regalia, 2016). As Memphis and its principal 
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municipal utility, Memphis Light, Gas and Water (MLGW) Division, have increased pumping 

from this shared aquifer, the State of Mississippi has objected and complained about declining 

water tables (or levels) within its territory (Hall and Regalia, 2016). The dispute, which began in 

2005, worked its way through the Federal Court System after the Supreme Court initially refused 

to hear the case. Later, the Supreme Court granted the State of Mississippi’s Bill of Complaint 

against the State of Tennessee, the City of Memphis, and MLGW for wrongfully converting 

groundwater from the interstate Memphis Sand Aquifer in 2015 (Hall and Regalia, 2016).  

 

 
Figure 1. Map of the extent of the Middle Claiborne Aquifer, the geologic formation that houses the Memphis Sand 

Aquifer, and the study area of this analysis, Shelby County, TN and De Soto County, MS (outlined in black) 

(Schrader, 2007) 

 

Additionally, Mississippi’s complaint against MLGW frames its interest in water differently 

from other cases: “it seeks damages and declaratory relief based on property theories of absolute 

right, title, and exclusive possessory ownership of groundwater within its territorial borders” 

(Hall and Regalia, 2016, p. 153). In the US, interstate water is most commonly allocated by two 

methods, equitable apportionment or an interstate compact, though neither exists for the 

Memphis Sand Aquifer; apportionment of the groundwater in this transboundary aquifer has not 

been established.  Disparate management methods exist, which seek to govern the same resource, 

consequent to each state’s jurisdiction over the water in their respective political boundaries. 

Both Mississippi and Tennessee follow the riparian method of surface water rights though 

address ownership of groundwater in different, and sometimes conflicting, ways. Tennessee 
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holds that water rights are attached to the land; thus, a landowner can access and use the water 

within the reasonable use principle. On the contrary, Mississippi holds that the state has 

ownership over the resource and can use it under the reasonable and beneficial use principles 

(Feldman and Elmendorf, 2000).  

 

Such differing views of this shared resource is exemplary of the gaps in knowledge that translate 

into the policies governing our transboundary resources. Few countries, let alone states, have 

entered into agreements to manage transboundary aquifers and even fewer have the relevant 

technical information to do so. According to Hesser (2011) and further exemplified by the states 

overlying the Memphis-Sand Aquifer, individual jurisdictions have not adequately addressed the 

issues associated with large scale pumping, including that of managing and dividing 

transboundary groundwater. The result: overexploitation and degradation of the shared resource 

(Eckstein, 2007). This fact alone calls for action. The case of the Memphis-Sand Aquifer is 

thereby a catalyst for the evolution of groundwater governance and interstate groundwater 

management.  

 

While interstate water disputes are part of life in the arid West, the East has now taken the lead 

with the first interstate groundwater case before the US Supreme Court. The law of interstate 

groundwater use must be formulated. There remains a need for an aquifer-specific governance 

regime that can govern groundwater allocation, maintain its quantity and quality, considers its 

distinction from surface water, and accounts for the transboundary nature of those aquifers that 

transcend political boundaries. This study seeks to develop such a framework in order to reach an 

agreement on the subject aquifer.  
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1.2 Research Questions 

 

Research Questions: 

1. What components do frameworks for transboundary aquifer governance include? 

2. What instruments and tools create effective transboundary aquifer agreements? 

 

The goal of this research is to ultimately enhance transboundary aquifer governance and provide 

a foundation for the management of groundwater within that aquifer. To achieve this objective,  

a framework for “good” groundwater governance was compared to the Internationally Shared 

Aquifer Resources Management (ISARM) framework to highlight the disparities between 

groundwater governance and transboundary aquifer governance. Subsequently, an analysis of 

existing transboundary aquifer agreements was conducted where ideals of political sociology 

were applied. The results of this examination are intended to be used by decision- and policy-

makers, particularly in Mississippi and Tennessee, who have jurisdiction over their state’s shared 

groundwater resources. This analysis has the potential to influence environmental policy as it 

pertains to groundwater allocation and transboundary resources (nationally and internationally), 

as well as enhance the public’s understanding of an uncommonly known resource and how to 

manage said resource in an effective manner.   

 

The following sections of Chapter 2 provide a detailed literature review to bolster this analysis. 

Chapter 3 offers a background on the differences between groundwater and aquifers, an 

introduction to transboundary groundwater and aquifer, information on the Memphis Sand 

Aquifer, and the history of Mississippi v. Tennessee. Chapter 4 offers a peak into the qualitative 

methods applied. Chapter 5 outlines the results of such methods and provides a basis for Chapter 

6, which offers an in-depth discussion of results and applies such findings to the Memphis Sand 

Aquifer. Lastly, chapter 7 provides a summary of the key findings, conclusions, and 

recommendations.  
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CHAPTER 2 LITERATURE REVIEW 

 

As impacts of climate change and overpopulation ensue, the demand for freshwater resources -- 

including groundwater -- will skyrocket; acknowledgement of the transboundary nature of 

aquifers is vital for future supplies. The rapid depletion of quantity and deterioration of quality of 

transboundary groundwater are among the growing number of global environmental problems in 

which effective action continues to lag behind the increasing magnitude of the challenge 

(Ingram, 2000). This literature review aims to illustrate this fact through reviewing the history of 

the tragedy of the commons, analyzing current groundwater management approaches in the 

United States, and highlighting the major issues that occur when dealing with transboundary 

groundwater. Gaps in literature will be illuminated and recommendations for research will be 

suggested. 

 

2.1 Evolution of the Tragedy of the Commons  

Early contributions suggest that resources, including groundwater, act as drivers of population 

growth (Lloyd 1933 and 1980). Lloyd recognized and analyzed the deleterious consequences that 

ensue “when the constitution of society is such as to diffuse the effects of individual acts 

throughout the community at large, instead of appropriating them to the individuals, by whom 

they are respectively committed” (p. 479).  To exemplify this ideal Lloyd used the example of a 

common purse from which two individuals can freely withdraw. If an individual takes a dollar 

out of his own purse, then the remainder which he can spend is diminished by a dollar. However, 

if he takes from the common purse, the loss is falling upon both individuals. Still, each 

individual determines his expenditure as if the entire purse were his own. Therefore, with a 

multitude of individuals, where the reduction affected by each individual’s separate expenditure 

is insensible, the motive for frugality disappears.  

 

Such thoughts are now recognized as early theorizations of the Tragedy of the Commons coined 

by Hardin (1968), which explains the overexploitation of groundwater as it is considered a 

common pool resource. Ostrom et al. (1994) defines these as systems that generate finite 

quantities of resource units so that one person's use subtracts from the quantity of resource units 

available to others (p. 4). This type of resource is accessible by a large number of people where 
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each user must decide the extent to which the resource is used. The Tragedy of the Commons 

observation contends that many people are seemingly self-interested actors making sustainability 

of that resource nearly impossible to achieve (Dietz et al., 2003). Essentially, most actors will 

use the greatest amount of the resource for themselves leaving little for others and the 

environment itself. Further, a key feature of the Tragedy of the Commons is that there is no 

hierarchy to govern the commons and police the behavior and actions of those self-interested 

actors. As the population continues to grow, the Tragedy of the Commons is made worse.  

 

The Tragedy of the Commons as it pertains to groundwater is further exacerbated by the fact that 

groundwater is often deep or unevenly distributed geographically; these uncertainties make it 

seemingly impossible to regulate (Matsumoto, 2002). According to Katic and Grafton (2011), 

groundwater extraction is typically undertaken with multiple uncertainties including the size, 

shape and recharge rate of the aquifer. The delineations of an aquifer make it increasingly 

difficult to provide concrete conclusions about groundwater ownership (Matsumoto, 2002). 

Additionally, economic studies show that there may be uncertain and irreversible thresholds that, 

once crossed, change the net benefits of extraction in freshwater aquifers (Katic and Grafton, 

2011). Users of groundwater cannot easily see how their consumption impacts the aquifer and 

therefore have every incentive to consume more. Such actors behave in the absence of a 

hierarchy to tell them what they can/cannot consume.  

 

2.2 Groundwater management approaches in the United States 

All of the factors listed above are compounded by disparate groundwater management 

approaches by each state in the US. Extant literature highlights that individual states (and 

majorly their counties) control the allocation and use of water within their boundaries based on a 

combination of statute, legal precedent, and convention (Johsi, 2005). There exist seven state 

groundwater allocation laws, to which varying states adhere, where either the state or landowner 

owns the groundwater (Table 1).  
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Table 1. A representation of the seven groundwater allocation laws, the states that follow each law, and groundwater 

ownership in each state (Joshi, 2005) 

 

The groundwater allocation laws, identified in Table 1, are explained below: 

 

▪ Absolute ownership states that the owner of the land surface also owns the groundwater 

beneath the land and can withdraw at any rate even if adjacent property owners are 

harmed (Fetter, 2001).  Rules, permits, and administrative agencies are not required to 

govern the water use. However, if interference occurs, each user must pay the cost 

associated with deeper pumping levels (Joshi, 2005).  

▪ Reasonable use, defined as any non-wasteful use of water for a purpose associated with 

the use of land from which the water is withdrawn, allows the landowner to withdraw and 

use groundwater from beneath their property unless their use interferes with groundwater 

uses of neighboring landowners (Joshi, 2005). In this rule, a landowner has only a 

qualified right, rather than an absolute right, to use groundwater.  

▪ Prior appropriation is best explained with the phrase “first in time, first in right” 

(Wright, 1998). Essentially, this means that the first person to appropriate water and 

apply that water to use has the first right to water within a particular aquifer system. Its 

principal use is to limit the number of permits issued to prevent over-withdrawal from the 

aquifer (Mullican and Schwartz, 2004).  

▪ Correlative rights hold that the right to make use of overlying water is not absolute but 

relative to the rights of other overlying users (Wright, 1998). Under this rule, the rights of 

all landowners over a common basin, saturated strata, or underground reservoir are 

coequal or correlative, and one cannot extract more than his/her share of the water, even 
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for use on his/her own and, if others’ right are injured (Joshi, 2005). The share is usually 

based on the amount of acreage owned relative to the total area overlying the aquifer 

(Getches, 1997). It is used primarily when the groundwater supply is insufficient to 

satisfy the needs of all overlying users. 

▪ The Beneficial Purpose Doctrine evolved as a result of work of eminent scholars and 

practitioners under the auspices of the American Law Institute in the Restatement 

(Second) of Torts §858. It combines the English concept of non-liability with the 

American standard of reasonable use. The main objective of this rule is to give protection 

to small well owners from excessive economic cost that may result due to the excessive 

pumping by high capacity wells (Tarlock, 2004). Under this law, liability can arise 

where: 

o withdrawal interferes with the withdrawal of other owners by lowering the water 

table or, 

o withdrawal interferes with lakes, rivers, and streams that depend on groundwater, 

or,  

o withdrawal results in pumping more than the owner’s reasonable share (Joshi, 

2005).  

The emphasis on the state is grounded in an enlightenment rationality that views the state (and its 

water resources) as being defined by fixed geographic boundaries (Blatter and Ingram, 2000).  

Several “mismatches” emerge consequent to such ideals (Akamani and Wilson, 2011, p. 409). 

From an institutional perspective, scale mismatch emerges when the design of human institutions 

does not match the scale of the resource to be managed either spatially or temporally (Cash et al., 

2006). Given differing perspectives and values among states, there is a wide variety of policies 

governing the management of groundwater (Hathaway, 2011). Another mismatch stems from the 

fact that the “scale at which states manage a shared watershed can be dichotomous, with different 

oversight structures and management priorities” (Akamani and Wilson, 2010, p. 411). Third, the 

state-centric approach operates on the false assumption that the state has the capacity to deal with 

complex environmental problems—an illusion that produces cases of “capacity mismatch.” 

(Karkkainen, 2005, p. 76).  
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2.3 Managing and Allocating Interstate Waters in the Federal System and Associated Challenges 

According to Hall and Regalia (2016), “when water resources cross state lines and are subject to 

competing interstate legal claims and uses, federal involvement becomes necessary” (p. 193) 

That said, while transboundary waters are most commonly managed and allocated by the 

following two options (1 and 2), there are in fact three ways to manage and allocate interstate 

waters in the US federal system: 1) congressional apportionment, where the government, through 

an act of Congress, can establish rules for use of interstate waters or even apportion specific 

water resources among states; 2) an interstate compact, the Supreme Court’s preference in 

addressing interstate water disputes, is essentially a contract between states subject to federal 

approval; or 3) Supreme Court jurisdiction, which occurs when the first two options are not 

exercised (Hall and Regalia, 2016). Since the Supreme Court has exclusive jurisdiction for 

disputes between states, the doctrine of equitable apportionment and interstate nuisance was 

developed and has been applied to settle disputes over interstate waters. Equitable 

apportionment, a doctrine of federal common law, is defined as “a flexible doctrine which calls 

for ‘the exercise of an informed judgment on a consideration of many factors to secure a ‘just 

and equitable’ allocation’” (Nebraska v. Wyoming). 

 

While seemingly streamlined, such approaches to deal with competing interstate water resource 

interests do not consider the groundwater characteristics, which pose challenges to policymakers. 

As outlined by the Council of Canadian Academies (2009), the intensive use of groundwater 

resources is a relatively recent phenomenon as it is linked to population growth. Consequently, 

there is a lack of experience in terms of dealing with the impacts of long term patterns of 

unsustainable use. As a result of the invisible character of groundwater, there is difficulty in 

comprehending the characteristics and behavior of the resource in terms of geologic and 

hydrogeologic settings. This causes a highly fragmented institutional arena relating to 

groundwater; planning processes are done in isolation where there are few structures that 

facilitate cooperation between water managers, scientists, the private sector, and the general 

public. This, coupled with the dynamic nature of both socio-economic development and 

predictions regarding global climate change, make groundwater management and allocation 

complex, uncertain, and unpredictable (Council of Canadian Academies, 2009).  
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Additionally, “as water is both a fluid and confined to spatial limits, its biophysical properties 

raise the question of which spatial scales or levels are most appropriate for organizing which 

dimensions of water management” (Moss and Newig, 2010 p. 1). Thus, the present water crisis is 

a crisis of governance which cannot be simply addressed through technocratic and depoliticized 

management and engineering processes (Global Water Partnership, 2000; Gupta et al., 2013). 

Gupta et al. (2013) contend that there exists a political dimension of the challenge of 

groundwater management and allocation that includes the way water:  1) is defined, 

conceptualized, and valued; 2) boundaries are defined for management purposes; 3) ownership 

and rights to water are dealt with; 4) links to other issues, sectors and levels and how these links 

are framed and organized; and 5) comprehensive governance and management systems are 

designed. 

 

2.4 Transboundary Groundwater as a Wicked Problem 

Groundwater management can therefore be deemed a “wicked problem” as opposed to a benign 

one (Custodio, 2002, p. 260). According to Rittel and Webber (1973), benign problems are those 

with clear and logical definitions of their nature; problem solvers know exactly what their 

mission is. The issue of the wicked problem is that the actual problem is non-linear, complex, 

and uncertain.  

 

To add complexity transboundary groundwater, that which extends beneath multiple political 

boundaries, must also be managed. However, states that share this resource may have differing 

groundwater allocation schemes, as evident in the case between Mississippi and Tennessee over 

the groundwater in the Memphis Sand Aquifer. Conventional regulatory approaches prove 

inadequate in dealing with the intricacies of transboundary water resources. This necessitates a 

framework for transboundary groundwater governance, rather than management, as this provides 

a way of managing multiple stakeholders in conditions of uncertainty. Despite this need, the 

“...wicked problems involve multiple definitions as to their nature because they are the object 

of multiple and conflicting criteria for defining solutions. A “solution” to one interested party 

is a “problem” to others. Wicked problems often appear in natural-resources development and 

are unavoidable. In this sense, the term wicked does not mean ethically deplorable, but a set of 

negative and positive aspects to be managed with some trade-off” (Custodio, 2002, p. 260). 
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development of a governance framework that focuses solely on groundwater and the 

transboundary nature of aquifers has not been implemented at a magnitude large enough for 

recognition. 

 

2.5 Key Milestones in International Transboundary Groundwater Governance 

Attempts to resolve disputes over transboundary groundwater have been made and date back to 

the 1960s. While these focus majorly on international basins in the United Nations, their 

principles and history are worth mentioning. Such documents have set in a force a motion for the 

development of transboundary groundwater law, globally.   

 

The recognition of transboundary waters made its debut in 1966 with the Helsinki Rules drafted 

by the International Law Association (ILA). Krishna and Salman (1999) provide that the ILA, 

established in 1873, is a non-governmental international organization that works for the 

development of emerging rules of international law. Eckstein (1998) contends that the Helsinki 

Rules was an early attempt at codifying customary international law as it pertains to 

transboundary water resources. The ILA used the term “drainage basin” as a “geographical area 

extending over two or more states… including surface and underground waters flowing to a 

common terminus” (Helsinki Rules, 1966 Article II). While this draft excluded confined 

aquifers, the idea of the drainage basin set a precedent for the influences on the geographical area 

of a water system.  

 

Twenty years later, the Seoul Rules were proposed by the ILA to compliment the Helsinki Rules 

and was a first attempt at recognizing transboundary groundwater. The terms “groundwater” and 

“aquifer” were used interchangeably and referred to “all underground water bearing strata 

capable of yielding water on a practicable basis, whether these are in other instruments or 

contexts called by another name such as "groundwater reservoir," "groundwater catchment area," 

etc. including the waters in fissured or fractured rock formations and the structures containing 

deep, so called fossil waters" (Seoul Rules, 1986: Article 1). This document suggested that 

groundwater management requires some type of understanding of the hydrologic cycle as it 

provides that even aquifers not connected with surface waters, confined aquifers,  must also be 

considered in an international drainage basin.  
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In 1989, the Bellagio Draft Treaty was developed by Robert Hayton and Albert Utton. This draft 

surfaced as a revised version of the Ixtapa Draft created for the aquifers on the US-Mexico 

border. The draft treaty was an attempt to apply aquifer management on a more global scale and 

has become a framework for comprehensive groundwater management. "The overriding goal of 

the draft treaty is to achieve joint, optimum utilization of the available waters, facilitated by 

procedures for avoidances or resolution of differences over shared groundwaters in the face of 

the ever-increasing pressures on this priceless resources" (Hayton and Utton, 1989, p. 670). This 

document differentiated and clarified the definitions of aquifer and groundwater and introduced 

transboundary groundwater conservation areas. 

 

The Convention on the Protection and Use of Transboundary Watercourses and International 

Lakes was adopted in 1992 in almost all countries sharing transboundary waters in the region of 

the United Nations Economic Commission for Europe (UNECE). This was the first international 

joint effort to connect human health with proper management of transboundary groundwater. 

According to UNECE, the convention requires parties to prevent, control and reduce 

transboundary impact, use transboundary waters in a reasonable and equitable way, and ensure 

their sustainable management. Parties bordering the same transboundary waters must cooperate 

by entering into specific agreements and establishing joint bodies. As a framework agreement, 

the Convention does not replace bilateral and multilateral agreements for specific basins or 

aquifers; instead, it fosters their establishment and implementation, as well as further 

development. The Convention enshrines a balanced approach, based on equality and reciprocity, 

that offers benefits to and places similar demands on both upstream and downstream countries. 

The 1992 UNECE Convention strengthened transboundary water cooperation and measures for 

the ecologically-sound management and protection of transboundary surface waters and 

groundwaters.  

 

The International Law Commission (ILC), established in 1947 as the legal arm of the UN general 

Assembly, was tasked with promoting the progressive development of international law and its 

codification (International Law Commission: Introduction 2002). The result of a 30-year project 

undertaken by the ILC took form as the Law of Non-navigational uses of International 
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Watercourses United Nations Convention in 1997. This is one of the only legally binding 

agreements for water resources and defined surface water and connected groundwater as a 

system; it did not include confined or fossil-water aquifers. Still, it is regarded as an important 

step in establishing international law governing water (Krishna and Salman, 1999). Customary 

international law was first wholly introduced in this document. Under this document, member 

states of the UN have an obligation to consider the impacts of their water use on other states and 

to equitably share the resource, are required to provide information on the shared resource, 

including their planned uses, to other states, and must take reasonable steps to control any 

damage, such as pollution, to the water source.   

 

Perhaps the most profound effort to develop an international regulatory system for transboundary 

aquifers was ILC’s Draft Articles on the Law of Transboundary Aquifers in 2008 (Eckstein, 

2008). This document defined an aquifer as “... a permeable water-bearing geological formations 

underlain by a less permeable layer and the water contained in the saturated zone of the 

formation” and include all aquifers where its “parts… are situated in different states” (United 

Nations ILC Draft Articles, 2008).  Modeled largely on the 1997 Law of Non-navigational uses 

of International Watercourses, the main obligations of the states involved are equitable and 

reasonable use, no significant harm, and the regular exchange of information. This document, 

however, addresses confined aquifers and is tailored to the unique qualities that differentiate 

surface waters from groundwater resources (Eckstein, 2008). Although the member States and 

United Nations General Assembly has given considerable attention to principles of the Draft 

Articles, there has not been consensus reached by the international community on how to move 

the principles forward (Eckstein and Sindico, 2014). 

 

2.6 Current Frameworks for Transboundary Groundwater Management 

Still, extant literature highlights potential, yet novel, frameworks and characteristics of possible 

frameworks that could be integrated with further progression. Knuppe and Pahl-Wostl (2011) 

devised an interdisciplinary conceptual and methodological framework that supports the analysis 

of water systems, management processes, and multi-level governance regimes. The Management 

and Transition Framework (MTF), based off of the Institutional Analysis and Development 

(IAD) framework introduced by Ostrom (2011), supports an evaluation of management 
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processes through determining complex system linkages, such as cooperation structures and how 

information is transferred during certain phases of the water management cycle. MTF accounts 

for the degree of influence local communities hold during management processes and highlights 

the ecosystem services provided by groundwater systems at multiple levels.  

 

Another framework, introduced by Foster et al. (2009) seeks to pragmatically address excessive 

groundwater abstraction. This framework first requires an assessment of the resource setting 

where hydrogeological conditions are assessed simultaneously with the socio-economic 

situation. The next step identifies particular management measures including supply-side 

engineering, demand-side interventions, and quality protection. The previous two steps lead into 

the selection of management instruments as a way to create an institutional, legal, and 

organization framework. The last step necessitates implementation of an action plan.  

 

An additional method described in extant literature that could be used for groundwater 

governance is adaptive governance. Adaptive governance pertains to a “range of interactions 

between actors, networks, organizations, and institutions emerging in pursuit of a desired state 

for social-ecological systems” (Chaffin et al., 2014, p. 1). This mechanism must contemplate a 

level of flexibility and evolution in governmental action beyond that currently found in the 

heavily administrative governments of water governance (Cosens et al., 2017). Promoting 

characteristics for adaptive governance counsels us to keep the authority for decision-making as 

close to the individual as possible while still operating within a larger government framework 

that facilitates management implementation and achievement of long-term goals (Cosens et al., 

2017; Gupta et al., 2013).  

 

2.7 The Need for Governance rather than Management 

 

 

Potential frameworks, along with specific characteristics, for a groundwater governance regime 

exist that can be adapted to transboundary groundwater. However, these have not been designed 

with the actual inclusion of the interstate characteristics of aquifers. The very nature of 

“There is a need for a paradigm shift in the way groundwater is presently perceived and 

managed—from management to governance mode” (Mukherji and Shah, 2005 p. 328). 
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transboundary resources requires that states address the multilevel governance necessary for their 

sustainable use. Multilevel governance refers to “negotiated, non-hierarchical exchanges 

between institutions at the transnational, national, regional, and local levels” (Peters and Pierre, 

2001, p. 131). In addressing multilevel governance, multiple stakeholders are managed in 

conditions of uncertainty thereby mitigating its wickedness. “[T]his means that attention has to 

shift from government policy—or ‘government’—to ‘governance’ which is: multilevel, multi-

actor, multi-faceted, multi-instrumental and multi-resource-based” (Mukherji and Shah, 2005, p. 

329). According to Turton et al. (2007), governance is “the process of informed decision-making 

that enables trade-offs between competing users of a natural resource so as to balance protection 

and use in such a way as to mitigate conflicts, enhance security, ensure sustainability and hold 

government officials accountable for their action” (p. 12).  Thus, multilevel governance is a 

framework that explicitly addresses notions of complexity, fluidity of scale, flexibility of rules, 

and the use of multiple systems of knowledge in the governance of transboundary groundwater 

resources (Akamani and Wilson, 2011).  

 

While groundwater governance, including interstate groundwater resources, is still in its infancy, 

Foster et al. (2009) stated that it includes “the fulfillment of appropriate authority and promotion 

of responsible collective action to ensure sustainable and efficient utilization of groundwater for 

the benefit of humans and dependent ecosystems.” A governance regime essentially 

characterizes how multiple state and non-state actors interact horizontally across spatial borders, 

vertically across administrative scales, and the formal and informal institutions that regulate such 

interactions (Knieper et al., 2010).  

 

2.8 Prerequisite to governance  

Little is known on the relationship between governance effectiveness and the players involved in 

making this shift (Newig and Fritsch, 2009). In essence, this relates to the ways in which policy 

effectiveness is measured. Palier (2000) notes that disconnecting policy instruments from 

political goals is crucial to the analysis of policy changes. Analyzing political sociology as it 

relates to transboundary groundwater governance is critical in determining components that 

facilitate successful change. In other words, what policy instruments and tools are used in 

successful transboundary groundwater governance?  
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A policy instrument can be defined as a type of social institution, such as map-making, where 

there exists a coordinated set of rules and procedures that governs the interactions and behaviors 

of actors and organizations (Powell and Dimaggio, 1991). Lascoumes and Le Gales (2007) 

provide that “instruments structure and influence public policy and determine what resources can 

be used and by who” (p. 9). Based on their nomenclature, instruments can be classified as 

regulatory-based, economic- and fiscally-based, agreement- and incentive-based, information- 

and communication-based, and have some type of de jure standard embedded within. Examining 

instrumentation reveals a “theorization of the relationship between the governing and the 

governed” (Lascoumes and Le Gales, 2007, p. 3). It involves an understanding of the reasons 

that drive the use of one instrument over another as well as predicting the effects produced by 

these choices. 

 

A policy tool is a microdevice within an instrument, such as the scale of a map. Salamon (2000) 

contends “by shifting the focus from agencies or programs to underlying tools, a way to get a 

handle on the post-enactment process that implementation literature identifies as crucially 

important is provided” (p. 1627). Tool choices significantly structure this process and therefore 

some perspectives, an advantage in determining how policies will be carried out (Salamon, 

2000). The most effective tool is the one that most reliably allows action on a public problem to 

achieve its intended purposes. Further, tools specify a network of actors that will play important 

roles and the nature of the roles they perform (Salamon, 2000).  

 

 

2.9 Closing the Gaps in Transboundary Groundwater Governance Literature  

There is a need for a governance framework that will ensure the sustainability of transboundary 

groundwater and aquifers, addresses the challenge of engaging multiple actors across levels, and 

“Tools are thus institutions… they are regularized patterns of interaction among individuals 

or organizations; they define who is involved in the operation of public programs, what their 

roles are, and how they relate to each other; They importantly shape the set of considerations 

that effectively come to bear in the all-important implementation phase of policy” (Salamon, 

2000, p. 1642). 
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facilitates the development of mechanisms for adaptation in an unpredictable future. Research is 

urgently needed to better understand the requirements of transboundary groundwater governance 

and the enabling policy strategies (Knuppe and Pahl-Wostl, 2011). Similarly, information on the 

most effective components of a transboundary groundwater-specific governance regime and how 

the effectiveness of such a policy shift might be evaluated is necessary.  

 

This may be done by using the Memphis Sand Aquifer as a case study. An analysis of current 

governance frameworks can shed light on the necessary components of one for transboundary 

groundwater. Additionally, lessons can be learned from the instruments and tools used in current 

agreements on other transboundary aquifers. Such an examination provides the foundation for 

creating a transboundary groundwater governance framework and agreement for the states 

overlying the Memphis Sand Aquifer.  
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CHAPTER III. BACKGROUND AND CASE STUDY 

 

 

3.1. Groundwater versus Aquifer  

 

According to the world water balance, freshwater makes up only 2.5% of the planet’s water and 

“unlike other natural resources, the total volume of water in nature is fixed and invariable” 

(Hardberger, 2004, p. 1216). Globally, the greatest proportion of liquid freshwater exists as 

groundwater though little is known about this precious resource (Boulton et al., 2003). The 

circulation of water that occurs among the ocean, atmosphere, and land provides that 

precipitation falls, becomes surface water, and is subsequently infiltrated into the soil to become 

groundwater. Groundwater is often misconceived as an underground river consequent to the 

assumption that all water sources are the same (Hardberger, 2004). However, “groundwater does 

not always flow rapidly in a torrent or turbulent state; it is not constantly wildly free flowing like 

a stream or a river” (Cameron, 2009, p. 7). In actuality, groundwater moves imperceptibly slowly 

through rock and sand against friction (Cameron, 2009). Though interrelated, surface water, such 

as streams and lakes, and groundwater are vastly different resources. Groundwater is defined as 

subsurface water that occurs beneath the water table in soils and aquifers, which are saturated 

permeable geologic formations that can store and transmit significant volumes of water under 

hydraulic gradients (Freeze and Cherry, 1979).  

 

“While the world has learned a lot about physical and chemical properties of groundwater 

and the way it behaves in different types of aquifers, relatively little is known about the 

institutions and policies that govern intrastate and interstate groundwater use” (Mukherji 

and Shah, 2005, p. 329). 
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Figure 2. A representation of major hydrogeologic units in aquifer systems (Hornberger et al., 2014, pg. 156)  

 

Aquifers range in depth and thickness, vary in composition, and can be confined, unconfined, or 

a combination of the two. Confined aquifers are often deeper underground than unconfined 

aquifers and are overlain by low-permeability rock or sediment that limits groundwater flow into, 

or out of, the aquifer (DPIPWE, 2017). Groundwater in these aquifers can be many thousands of 

years old. Confined aquifers are replenished, or recharged, by precipitation or stream water 

infiltrating the unconfined portion at some considerable distance away from the aquifer 

(DPIPWE, 2017). Unconfined aquifers occur when groundwater is in direct contact with the 

atmosphere through the open pore spaces of the overlying soil or rock (DPIPWE, 2017). Thus, 

there is a greater likelihood of interaction between groundwater and surface water as the water 

table makes up the upper boundary of these aquifers. The distance between the water table and 

the upper boundary varies based on the topography, geology, season and tidal effects, as well as 

the quantities of water being pumped from the aquifer (DPIPWE, 2017). Unconfined aquifers are 

recharged by precipitation or stream water directly infiltrating through the overlying material 

(Refer to Figure 1). 

 

3.2 Transboundary Groundwater and Aquifers 

 

Transboundary groundwater refers to a continuous groundwater reservoir (generally an aquifer) 

that underlies, or whose water flows beneath, two or more jurisdictions and can be exploited by 
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each jurisdiction (Campana, 2005). Each state in the US has jurisdiction over their natural 

resources not excluding groundwater. Thus, keeping track of a transboundary resource becomes 

a “wicked problem” as multiple management regimes exist to rule the same resource. These 

types of problems cannot be solved, only managed (Rittel and Webber, 1973). In terms of 

management, groundwater resources, often governed by the same regime as surface water 

resources, pose wicked problems; the transboundary nature of groundwater, as well as the time 

scale of its movement, are distinct from those of surface water, yet management techniques 

remain. In addition to groundwater use being tied to surface water use and managed the same 

way, groundwater is allocated differently depending on the location under study. 

 

 
Figure 3. USGS map depicting the transboundary aquifers located within the United States (USGS, 2003) 

 

According to Joshi (2005), there are seven different ways groundwater is allocated in the United 

States. These include absolute ownership, reasonable use, prior appropriation, correlative rights, 

beneficial purpose doctrine, reasonable use/ correlative rights, and absolute ownership/ 

reasonable use. Thus, the wicked problem that is groundwater management increases in 

complexity as states that share an aquifer often have disparate groundwater allocation regimes. 

Groundwater policies are based on the assumption that water conforms to the political 

boundaries separating states, though this is simply not the case. Broadly, transboundary water 

disputes are on the rise. Within these disputes, societies argue in favor of more equitable sharing 

of water resources (Gupta et al., 2013).  
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While groundwater allocation has been addressed, questions regarding the relationship between 

ownership and use remain unanswered. Because groundwater flows from one point to another, 

albeit slowly, it cannot be ‘owned’ by any one entity. As outlined in the Public Trust Doctrine, 

water is held in a trust where the state is tasked with ensuring that the resource is accessible and 

sustainable for future use. A logical extension of the Public Trust Doctrine would suggest that 

while each individual state has jurisdiction over the way their groundwater is used, they do not 

have ownership over that water (See Sax, 1969). Rather each state has ownership of the pore 

spaces below the ground where water is stored—the aquifer. Furthermore, when an aquifer 

underlies multiple states its contents should not be owned by a single state (Klein, 2017).  

 

3.3 The Memphis Sand Aquifer  

 

The Memphis Sand Aquifer primarily underlies 10000 square miles (26000 square kilometers) 

beneath Arkansas, Tennessee, Mississippi, and Kentucky (Campana, 2016). Renowned for its 

good quality drinking water, it is the principal source of water for municipal, commercial, and 

industrial use in Memphis (Cameron, 2009). This mostly confined aquifer provides water to the 

residents of Memphis and many of the residents of Shelby County, a total of over 1.1 million 

people, though Memphis is currently the largest user of the aquifer (Cameron, 2009). At the 

same time, DeSoto County, Mississippi, just south of Memphis, has experienced rapid economic 

and population growth, in part due to the “suburbanization” of Memphis, and relies on the 

Memphis Sand Aquifer to supply their residents (Feldman and Elmendorf, 2000). 

 

3.3.1 Hydrogeology of the Memphis Sand Aquifer 

The Memphis Sand lies within the Mississippi Embayment aquifer system and is part of the 

Claiborne Group of Tertiary Age (Campana, 2016; Renken, 1998); where saturated it is known 

as the Memphis Sand Aquifer (Campana, 2016). The subject aquifer occurs at depths ranging  

from approximately 0 to 600 feet (0 to 183 meters) and varies in thickness from about 500 to 890 

feet (152 to 271 meters) according to geophysical logs (Cameron, 2009). The thickness of the 

aquifer results in extremely high-quality groundwater as it is naturally filtered through very 

coarse sand and interspersed layers of clay and silt (Campana, 2016). The aquifer is recharged 

through precipitation and downward percolation of water from overlying units; individual clay 

layers in the Upper Claiborne unit suggest that there are “windows” through which water can 
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percolate down to the Memphis Sand Aquifer (Parks and Carmichael, 1990; Parks 1990; 

Campana, 2016).  

 

Natural groundwater flow in the Memphis Sand Aquifer flows directionally east to west, at a rate 

of approximately 1-2 inches per day (0.03-0.05 meters per day) or 30 feet per year (9 meters per 

year) (Cameron, 2009); for this groundwater to move across a distance of about 30 miles, it 

would take anywhere from 2800 to 5700 years (Cameron, 2009). Unless disturbed by 

perturbations, such as high extraction rates, the aquifer stays in a steady state condition with a 

constant volume of water present and contained within the territorial boundaries of Mississippi 

(Cameron, 2009). However, the normal steady state condition of the aquifer has been forever 

altered consequent to pumpage by city-owned water utility, Memphis Light, Gas, and Water 

(MLGW).  

 
 

 
Figure 4. Map of the geologic layers that compose the Memphis Sand Aquifer, the relative depths, thicknesses, and 

extents (distances) of those layers, and MLGW’s principle well fields. The top layer (green, outlined in black) is the 

Digital Elevation Model (DEM) of the study area. The layer beneath is the top of the Middle Claiborne confining 

unit (brown), followed by the top of the Middle Claiborne aquifer (blue), which both extend beneath the entire study 

area. The next layers are the top of Lower Claiborne confining unit (brown) and top of Lower Claiborne aquifer 

(jade-green) extending only under De Soto County. The bottom layer is the top of the Middle Wilcox aquifer top 

(dark blue). The Memphis Sand Aquifer exists in the white space between the two blue layers, which is where 

MLGW’s principle well fields (represented by different colored lines) pump from. The warmer the color of the line, 

Shelby County, TN 
De Soto County, MS 
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the more groundwater that particular well field pumps. (Map created in ArcMap 10.5 by Holly Mondo using data 

from USGS, USGS publications, and Supreme Court documents) 

 

3.3.2 Effects of high pumping rates on the Memphis Sand Aquifer 

According to Cameron (2009), the groundwater underneath Mississippi’s state line has been 

diverted by MLGW since 1924, though pumping first began in the 1880s. Pumpage from 

MLGW’s well fields has permanently diverted groundwater that was confined for thousands of 

years, from storage beneath Mississippi’s sovereign borders to storage beneath Memphis’ city 

lines. In essence, this groundwater has been funneled across state lines as a result of a cone of 

depression created by MLGW’s pumpage; MLGW pumps between 158 million to 200 million 

gallons per day (600000 to 760000 cubic meters per day) of groundwater from the aquifer daily 

to provide water to Memphis residents (Campana, 2016). The cone of depression extends from 

its center in Memphis to DeSoto County (Cameron, 2009; Campana, 2016). Thus, the natural 

east to west flow of the groundwater in the Memphis Sand Aquifer now has a component of 

northward flow (Figure 4; Cameron, 2009).  

 

 

 
Figure 5. Spatial representation of the layers that compose the Memphis Sand Aquifer, areas where the aquifer is 

unconfined which make up recharge zones (outlined in box), and locations of MLGW principal well fields (blue 

points). The larger the blue point, the more groundwater that well field pumps from the Memphis Sand Aquifer. 
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(Map created in ArcMap 10.5 by Holly Mondo using data from USGS, USGS publications, and Supreme Court 

documents) 

 

Pumping rates from MLGW “has set in motion a force that has physically invaded the state of 

Mississippi resulting in the diversion and capture of Mississippi's groundwater resources to 

supply MLGW's customers' requirements” (Cameron, 2009, p. 3). Between 1965 and 2006, 

approximately 364 billion gallons (1.38 billion cubic meters) of groundwater naturally occurring 

underneath Mississippi was siphoned to the Memphis area (Cameron, 2009). Consequently, the 

stress on the aquifer has caused water levels in the aquifer to diminish at a rate higher than that 

of recharge (Cameron, 2009).  

 

3.4 Mississippi v. Tennessee 

 

Since the 1960s, the United States Geological Survey (USGS) and the University of Memphis 

Groundwater Institute (GWI) prepared studies and reports confirming the existence of the cone 

of depression and the fact that it reaches into, diverts, and captures groundwater from beneath 

Mississippi (Moore, 1965; Cameron, 2009). Cameron (2009), who represented Mississippi in the 

first round of Supreme Court trials, contends that representatives from the Mississippi 

Department of Environmental Quantity (MDEQ) reached out to MLGW officials in the mid 

1990s to organize a joint study of the groundwater diversion issue. MDEQ wanted to study such 

issues to find potential solutions though MLGW declined the invitation (Cameron, 2009). In 

2000, the Tennessee Department of Environment and Conservation (TDEC) sanctioned a legal 

water management and policy study of MLGW’s pumping rates and their effects on the geology 

beneath Mississippi. The report published from this study evaluated the potential liability of 

Memphis and, specifically, MLGW to Mississippi for monetary damages. While the report was 

presented to Memphis officials and MLGW representatives, “no action was taken to mitigate the 

diversions of groundwater from Mississippi” (Cameron, 2009, p.8).  

 



25 

 
Figure 6. Groundwater contour map depicting groundwater flow and cone of depression in the Memphis Sand 

Aquifer (Cameron, 2009, pg. 30). This map does not consider pumping in Mississippi.  

 

 

In 2005, Mississippi filed action in US Federal District Court in Oxford, Mississippi, against the 

city of Memphis (specifically MGLW) for the alleged unlawful taking of over 364 billion gallons 

(1.38 billion cubic meters) of groundwater that Mississippi claimed to own (Hall and Cavarto, 

2013). According to the accusations made by the state of Mississippi, between 15% and 22% of 

the city of Memphis’ water supply has been “stolen” from Mississippi over the past 40 years, 

(Taylor and Alley, 2001; Cameron, 2009). Mississippi claimed that pumping from MLGW’s 

wellfields in Shelby County created a cone of depression in the Memphis Sand Aquifer altering 

the flow dynamics of the groundwater (Figure 4). Memphis and MLGW denied Mississippi’s 

allegations despite the confirmation from multiple sources. Mississippi sought a value equal to 

the value of the misappropriated groundwater, plus interest, which amounted to a range from 

$980 million to $1.2 billion; the dollar amount was based upon standard, accepted water resource 

and fair market valuation methods (Cameron, 2009).  

 

The case went to trial in 2008 where Judge Glen H. Davidson ruled that the District Court did 

not have jurisdiction since the Memphis Sand Aquifer is an interstate water resource. 

Consequently, the core sovereign interests of Tennessee must be involved in the case meaning 

that the case had to be between two states and must be heard by the Supreme Court (Cameron, 

2009). While Mississippi argued that only Memphis and MLGW were responsible for the 

wrongful diversions and that the addition of the state of Tennessee was unnecessary, Judge 
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Davidson upheld his ruling (Cameron, 2009; Campana, 2016). Additionally, the District Court 

“determined that it could not award Mississippi’s claimed damages” until there was an 

apportionment of the groundwater of the Memphis Sand Aquifer which would define what water 

belongs to Mississippi versus Tennessee (Cameron, 2009, p. 8). Mississippi countered by noting 

that the water had already been allocated in 1817 under the Equal Footing Doctrine. The District 

Court dismissed the case without prejudice.  

 

In 2009, Mississippi appealed to the Fifth Circuit Court of Appeals in New Orleans. The Court 

affirmed the District Court in its conclusion that the aquifer is an interstate water source, and the 

amount of water to which each state is entitled from a disputed interstate water source must be 

allocated before one state may sue an entity for invading its share (Berris, 2016). The Court of 

Appeals noted that the subject aquifer is “indistinguishable from a lake bordered by multiple 

states or from a river bordering several states depending on it for water” (Court of Appeals). 

Thus, “the aquifer must be allocated like other water resources in which different states have 

competing sovereign interests” (Court of Appeals).  Mississippi contended, again, that the 

groundwater had already been allocated at the time of its statehood, though the ruling was still 

upheld. Subsequently, Mississippi decided to take the case to the Supreme Court. 

 

Initially, in 2010, the Supreme Court declined to hear the case and denied Mississippi’s motion 

without prejudice. However, if Mississippi could prove damages, then the State could refile the 

case at a later date. In 2014, the Supreme Court granted Mississippi’s request to file a new 

lawsuit, as the state claimed that Memphis continued to steal their water, and despite attempts to 

negotiate, this legal battle has now entered its 11th year (Berris, 2016). 

 

3.4.1 Underlying Facts of Mississippi v. Tennessee 

The case of the Memphis Sand Aquifer is exemplary of the ways in which common law has not 

caught up with contemporary reality (Campana, 2016). The aquifer, albeit a shared resource, is 

under differing jurisdictions based on the territorial boundaries that separate states (Figure 5). 

Mississippi and Tennessee have disparate perceptions of their respective ownership and uses of 

the groundwater in the aquifer; this fact alone served as a catalyst for this 11-year legal battle.  
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In essence, Mississippi defines the groundwater in the aquifer as an intrastate resource subject to 

its sovereign ownership supported by the Equal Footing Doctrine. Tennessee defines the 

groundwater in the aquifer as an interstate water resource subject to the Equitable Apportionment 

Doctrine (Berris, 2016). The underlying facts of the case are, for the most part, undisputed 

(Cameron, 2009). 

 

 
 

Figure 7. A representation of Mississippi's and Tennessee’s conflicting groundwater ownership rules and allocation 

regimes.  

 

Mississippi’s arguments are based on the State’s belief that ownership of all water resources 

within its jurisdiction, including groundwater, were attributes of statehood. Mississippi bolsters 

its claims by maintaining that, as public trustee, the State owns all water resources contained 

within its borders. Cameron (2009) contends that, because of this reasoning, “neither the 

Supreme Court nor any lower federal court has any authority to “reapportion” resources, the 

ownership of which was established when the borders of the states were set and the control and 

management of which are inherent state prerogatives” (p. 8). Under the Equal Footing Doctrine 

and Public Trust Doctrine, Mississippi’s duty, police power, and authority act to protect the 

State’s water resources and to control the reasonable and beneficial use of all water resources by 

its citizens (Cameron, 2009). In summary, Mississippi claims that their portion of the aquifer was 

established at the time of statehood. As a result, the ownership and management of state 

resources are the responsibility of the State in its sovereign capacity exercising its inherent police 

powers (Cameron, 2009).  
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At the same time, Tennessee holds that landowners overlying an aquifer have correlative rights 

to pump water from the aquifer under the Equitable Apportionment Doctrine. Correlative rights 

are essentially surface riparian law applied to groundwater. This means that such landowners 

have the right to extract water from the aquifer which correlate to the rights of other landowners 

whose land overlies the aquifer (Feldman and Elmendorf, 2000; Campana, 2016). Thus, 

“MLGW has the right to pump water from the Memphis Sand Aquifer by virtue of the 

company's ownership of land overlying the aquifer” (Campana, 2016, p. 125 ). The question, 

however, is posed of whether MLGW can legally utilize the groundwater to supply demands 

from residents who live on land that does not overlie the subject aquifer. Furthermore, it is 

important to mention that conversation between Mississippi, Arkansas, and Tennessee 

commenced with aims to determine how to manage the subject aquifer. Mississippi ceased 

participation before the 2005 lawsuit against Tennessee (Campana, 2016).  
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CHAPTER IV. METHODS 

 

Research Questions: 

1. What components do frameworks for transboundary aquifer governance include? 

2. What instruments and tools create effective transboundary aquifer agreements? 

 

There are three main components of this research each with their own research methods, lessons 

from abroad (question 1) and identifying components of transboundary groundwater governance 

frameworks (question 2).  

 

4.1 Identifying Components of a Transboundary Groundwater Governance Framework 

Research was conducted through a literature review followed by a comparative analysis.  

 

4.1.1 Literature Review 

To answer my first research question, I conducted a literature review of existing (transboundary) 

groundwater governance frameworks. I used Google Scholar as my primary search engine to 

gather information from academic articles regarding the key components of (transboundary) 

groundwater governance frameworks. Key phrases in this search *included: groundwater 

governance framework, shared aquifer governance framework, transboundary groundwater 

governance framework, transboundary groundwater management framework, processes leading 

to shared groundwater governance.  

 

4.1.2 Compiling Components 

I then juxtaposed the four principal dimensions of a groundwater governance framework outlined 

by Varady et al. (2013) against the Internationally Shared (Transboundary) Aquifer Resources 

Management (ISARM) framework. This allowed me to highlight the additional elements 

necessary for a transboundary groundwater governance framework that are not included in a 

framework for groundwater governance. 
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4.2 Lessons from Abroad 

Research was conducted through a systematic review of existing aquifer agreements. 

 

4.2.1 Determining existing aquifer agreements 

I used Google Scholar and the Transboundary Freshwater Dispute Database (TFDD) as my 

principal search engines to determine the transboundary aquifer agreements currently in place, as 

well as model agreements that have been offered, and unsuccessful agreements that have been 

proposed. To augment my search, I checked the International Groundwater Resources 

Assessment Centre (IGRAC) which provided information briefs on international transboundary 

aquifers. 

 

I began my search via international tabular datasets from the TFDD, specifically the International 

Freshwater Treaties Database. This searchable database includes all freshwater-related 

agreements, categorized by treaty basin, covering the years from 1820 to 2007. I conducted my 

search throughout all nations, treaty basins, non-water linkages, and start/end dates but specified 

issue areas that dealt with transboundary aquifers and groundwater, both directly and indirectly. 

These included: border issues, economic development, irrigation, joint management, territorial 

issues, water quality, water quantity, and not available/not coded. To search for agreements 

covering the years from 2008 to present, I conducted Google Scholar searches. Key words and 

phrases used in this search included: transboundary groundwater agreements, shared aquifer 

arrangements, transboundary groundwater law, transboundary groundwater management, 

interstate groundwater, and international groundwater.  

 

Query results of each of these searches (TFDD and Google Scholar) provided me with the names 

of agreements that deal with aquifers and/or groundwater, as well as the signatories to, dates of 

and type of agreements (Table 1). Using this information, I turned again to Google Scholar and 

conducted a search to find the unofficial translated agreement documents to use later in my 

analysis. Only those agreements that deal specifically with groundwater and aquifers were used 

in this study.  
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Table 2. Details of existing transboundary aquifer agreements. Legally binding agreements are those that have been 

signed by the subject parties where certain actions are either required or prohibited. Informal agreements are 

agreements that have the intent of a formal contract without the seal of a government agency. Proposed agreements 

have been written but not signed by all parties. Model agreements have been drafted but not adopted. 

  

4.2.2 Establishing instruments and tools  

To begin to answer my first research question, I conducted a literature review on political 

sociology to determine a classification scheme for instruments used in public policy. Policy 

instruments can be defined as a “coordinated set of rules and procedures that govern the 

interactions and behaviors of actors and organizations” (Powell and Dimaggio, 1991). Here, I 

adopted a categorization regime from Lascoumes and Le Galés (2007) who contended that 

instruments can be regulatory-based, economic- and fiscally-based, communication- and 

information-based, agreement- and incentive-based, and de jure- and de-facto-based. I then 

researched traditional environmental policy to determine tools that have been utilized in other 

shared natural resource agreements and amended these to better represent tools used in the 

transboundary aquifer agreements I had compiled. Policy tools essentially specify a network of 

actors that play important roles in the post-policy enactment process as well as the nature of the 

roles they perform (Salamon, 2000). Together, these allowed me to build a framework for my 

analysis on the specific instruments and tools used in effective transboundary aquifer 

agreements.  

 

4.2.3 Qualitative Coding  

I created a codebook from this framework to identify the subject parameters outlined in my first 

research question and used Dedoose, a qualitative coding software, to conduct my analysis 

(Table 2). I then transferred my codebook and uploaded the unofficial translated agreement 

documents I had compiled previously to the Dedoose interface. Policy instruments were created 
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as ‘parent codes’ and their respective policy tools were entered as ‘child codes.’ I used the 

‘Descriptors’ field to specify the type of agreement (legally binding, informal, model, proposed), 

the number of parties involved (bilateral, multilateral), and the year it was signed to further 

supplement my analysis. I entered the descriptors of each agreement and then coded the 

individual agreement documents by highlighting specific excerpts and identifying both the parent 

and child code those excerpts corresponded to.  

 

 
Table 3. Codebook used in qualitative coding process 
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V. RESULTS 

 

Research Questions: 

1. What components do frameworks for transboundary groundwater governance include? 

2. What instruments and tools create effective transboundary aquifer agreements? 

 

5.1 Components of a Transboundary Groundwater Governance Framework  

The ISARM was analyzed for its inclusion of Varady et al.’s (2013) four principle dimensions of 

“good” groundwater governance (Table 4). The differences between a groundwater governance 

framework and transboundary aquifer management framework are highlighted, therefore 

illuminating the additional components necessary for a shared aquifer governance regime.  

 

 
Table 4. Considerations made in each framework 

 

5.1.1 “Good” Groundwater Governance 

According to Varady et al. (2013), “good” groundwater governance, which emphasizes 

sustainability, neo-liberal, and market approaches, should encompass political-institutional 

dimensions, socio-cultural dimensions, economic dimensions, and ecological dimensions.  

Varady et al (2013) base such principles on those that have been applied in previous water 

governance models including the United Nations Development Program (UNDP), Integrated 

Water Resources Management (IWRM), and Millennium Ecosystem Assessment (MEA).  

 

Political-institutional Dimension 

Kemper (2007) contends that groundwater governance includes the institutions or rules, within 

which stakeholders act, define the instruments, processes, and organizational context of 

governance. Thus, good governance entails a set of rules that enable the institution to perform its 

role efficiently and effectively (Varady et al., 2013). Further, the “interplay between both formal 
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and informal institutions, and across and within scales is seen as important institutional and 

political elements of governance” (Varady et al., 2013, p. 47). This makes the building of 

capacity across multiple and diverse governance scales essential. Likewise, accountability and 

representation are vital elements of good governance as accountability entails legislative, legal, 

and social responsibilities, as well as remedies. To help ensure greater accountability, 

institutional and political aspects of governance also include active public participation and 

stakeholder involvement (Varady et al., 2013).  

 

Socio-cultural Dimension 

According to Varady et al. (2013) and Pahl-Wostl al. (2008b), groundwater governance is 

intimately linked to the development and implementation of norms and principles that promote a 

change in the behavior of actors across each scale at which groundwater is managed. 

The “contemporary focus on finding transitional governance approaches to help society move 

from current unsustainable governance paradigms to future governance paradigms that are more 

sustainable, hinge on the strong interdependencies and synergies between formal and informal 

institutions that are embedded in their cultures” (Varady et al., 2013, p. 50). Socio-cultural 

principles are deeply lodged within good governance. “Social inclusion in governance means 

that policies are developed such that they include evaluation of interests of all groups within a 

society and that all groups are treated with the same level of fairness” (Varady et al., 2013, p. 

50). Additionally, culture is critical to understanding barriers to changing practices and the 

adoption of technologies and new management strategies.  

 

Economic Dimension 

Water, and thus groundwater, is not a typical economic good (Ostrom, 2002). Rather than seeing 

water exchanged through a typical market mechanism where multiple buyers and sellers act as 

economic agents, water is often distributed to customers in a community by a monopoly provider 

(Varady et al., 2013). However, pricing often does not accurately reflect the costs and benefits of 

supplying and consuming the good. Thus, there is a need for some process for overseeing and 

settling water rates, whether the water provider ownership is public or private (Megdal, 2012; 

Varady et al., 2013).  
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Ecological Dimension 

Most aquifers are not isolated physical systems but an integral part of the hydrological cycle and 

indivisibly connected to other water systems (Varady et al., 2013). Hence, effects of 

interventions in groundwater systems not only propagate through aquifers, but also into the 

linked systems as well and vice versa (Acreman, 2004; Custodio, 2002). Additionally, the 

physical characteristics of groundwater systems partly determine the consequences of human 

use. Together, these notions necessitate the application of ecological principles to manage 

groundwater resources sustainably 

 

5.1.2 ISARM  

Focus areas of the ISARM, a framework for transboundary aquifer management, include a 

scientific-hydrogeological scope, legal aspects, socio-economic aspects, institutional issues, and 

environmental aspects.  

 

Scientific-Hydrogeologic Scope 

Unlike the framework outlined by Varady et al. (2013), the ISARM framework takes into 

account the scientific-hydrogeological scope of aquifer governance. This includes the features of 

transboundary resources, the spatial distribution of parameters that may affect the behavior and 

development of potential aquifers, the hydraulics of groundwater, and prerequisites to 

transboundary aquifer management. The key features of transboundary aquifers include a 

“natural subsurface path of groundwater flow, intersected by an international boundary, such that 

water transfers from one side of the boundary to the other” (ISARM, 2002). Therefore, in any 

legal agreement that attempts to effectively allocate a transboundary resource, the first step 

should be the correct identification of flow and movement of water followed by its 

quantification.  

 

The parameters that may affect the behavior and development potential of aquifers include 

hydraulic parameters, rainfall and recharge zones, confined and unconfined areas, natural 

discharge zones, present and planned groundwater development zones, water quality and the 

potential risks of its deterioration and vulnerability to polluting agents. Such parameters may 

have different weighting depending on the side of a boundary one is studying. For example, in 
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the Guarani Aquifer system, over 40 inches (1000 mm) of rainfall occur in the outcrop areas of 

Brazil, while discharge partly takes place in Uruguay (Montano et al., 2001) 

 

The hydraulics of groundwater flow include accounting for the groundwater flow pattern, the 

potentiometric surface, and water quality. “Groundwater abstraction transforms and reorganizes 

the groundwater flow in proportion to the piezometric adjustments induced” (ISARM, 2002). 

Therefore, monitoring hydraulics is an essential element of the hydrogeologic scope as actions 

on one side of a political boundary can cause harm to the other.  

 

According to a UNECE survey of transboundary aquifers, the need for having a unified and 

consistent knowledge base is a prerequisite for sound management of transboundary aquifers. 

This requires an “understanding of the extent and nature of the aquifer, how it relates to other 

aquifers and hydrogeologic features, how the recharge and discharge of water takes place within 

the aquifer, and where potential sources of contamination are located. Without such 

understanding the use of a transboundary aquifer cannot be confidently planned” (ISARM, 

2002). This comprehension should be augmented by a joint monitoring program, where all 

stakeholders should have equal access to data, that will provide the information to validate that 

understanding. “With such an approach it should be possible to establish mutually accepted 

rules, adopted by all parties, based on a holistic definition of the aquifer system and principles of 

equivalence of impacts of abstraction” (ISARM, 2002). 

 

Legal Aspects 

“Sensitivities about sovereignty, the diversity of legal and socio-political systems and different 

national agendas make for a complex scenario. This is compounded by the fact that none of the 

internal groundwater laws and institutions of the sharing countries can provide rules of 

governance acceptable to all” (ISARM, 2002). Consequently, such rules must be developed 

elsewhere -in agreements between or among the concerned parties- and be coincident with the 

principles of scientific hydrogeology. Moreover, drafting agreements cannot be completed 

without a careful assessment of the domestic, legal, and institutional practices and rules of their 

long-term impacts.  
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Socio-economic Aspects 

Groundwater presents many opportunities and advantages for development as it provides a 

reliable and flexible source of freshwater. Rapid economic growth results from market-oriented 

means of resource allocation, which leads to intensifying patterns of groundwater use and 

consumption to the extent that states sharing common aquifers are effectively competing for 

these systems. Thus, “where there is considerable economic asymmetry between or difference in 

development opportunities in neighboring [states], the ability of one [state] to capture a common 

property resource from another by virtue of its financial and technological strength may result in 

a more or less deliberate ‘race to the pump house’” (ISARM, 2002). In other words, as 

productivity improves, pressure (i.e. depletion and environmental degradation) on the prime 

aquifer systems grows. It is thus vital to consider socio-economic relations amidst aquifer states.  

 

Institutional Issues 

“Institutional, cultural and ethical dimensions are likely to be as important as technical and 

macroeconomic dimensions in the evolution of approaches to address existing and emerging 

international groundwater problems” (ISARM, 2002).  

 

“Closely related to the valuation and competition issues, the distribution of groundwater 

resources and its use creates major challenges for management and the institutional arrangements 

for implementation” (ISARM, 2002). Much of the dialogue over transboundary aquifer resources 

may be driven by development and the role of markets of each aquifer state; however, local 

needs of each state reflect the patterns of use and opportunities for effective management of the 

shared aquifer. Thus, the institutional mechanism that will deal with transboundary aquifer issues 

will need to differentiate between each state’s management regime and that required for regional 

management (ISARM, 2002). That being said, some form of regulatory management, 

conditioned by socio-economic and cultural circumstances and the status of the aquifer being 

used, is necessary. Therefore, this management scheme will need to vary from local to regional 

scales to reflect the social and hydrogeological factors of each state, include adaptive approaches 

to local management, and involve high levels of participation (ISARM, 2002).  
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Thus, there is a “need for institutions charged with groundwater management to work in concert 

with legal and regulatory frameworks that both enable local population to develop management 

approaches suited to regional conditions and provide avenues for higher level interventions to 

address the actions of large individual consumers...” (ISARM, 2002). Joint management of 

shared aquifers, that accounts for cultural and ethical differences, is essential.  

 

Environmental Issues 

“If the conventional definition of sustainable development, i.e. ‘development that meets the 

needs of the present without compromising the ability of future generations to meet their own 

needs’ can be applied to aquifers within a nation, then there is no reason why the same cannot be 

applied to transboundary aquifers” (ISARM, 2002).  

 

Sustainable development of transboundary aquifers, that accounts for notions of biodiversity, 

ecosystem requirements, and possible impacts of climate change, requires the use of modeling 

techniques, which can define the life of the resource by predictive analyses. This goes back to the 

necessity of having a conceptual understanding of the groundwater system and the availability of 

consistent data.  

 

5.1.3 Gaps in frameworks 

According to Puri and Villholth (2018), a framework for sound transboundary aquifer 

governance must also include hydrodiplomacy, which ensures that shared water resources are 

managed efficiently, sustainably, and equitably. Essentially, it is a tool for states to balance 

interests related to jurisdictional power while strengthening cooperation with states sharing the 

same water resource. Hydrodiplomacy must be “structured around science-based technical 

cooperation and support from national scientists and practitioners of hydrogeology and related 

sciences” (Puri and Villholth, 2018, p. 381). It can be established through trust building 

measures, though must include a stakeholder analysis to determine the participants necessary for 

the development of a governance regime. Identifying the trust building mechanisms that will 

facilitate stakeholder participation and engagement “takes time to evolve and materialize” (Puri 

and Villholth, 2018, p. 381). However, these create the basis for joint governance. This process 

must  
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5.2 Political Sociology and Effective Transboundary Aquifer Agreements 

This next section addresses the second research question by initially identifying the public policy 

instruments present in the different types of transboundary aquifer agreements. The presence or 

absence of public policy tools in each agreement are then highlighted. 

 

5.2.1 Instruments 

Analysis of code application illuminated that “new public policy instruments,” including 

agreement- and incentive- and communication- and information-based (modes of contractual 

exchange), are present across all types of transboundary aquifer agreements. De jure- and de-

facto- based (organize specific power relations) instruments are also present in all agreements. 

Economic- and fiscally-based (levy resources intended to be redistributed/ direct the behaviors of 

actors through monetary factors) instruments exist in all types of agreements but the proposed. 

Lastly, regulatory-based (set out the values and interests protected by the aquifer states) 

instruments have a place in all but the informal agreements. See Table 6.  

 

 
Table 6. Presence (+) and absence (-) of public policy instruments in each agreement type 

 

5.2.2 Tools present in all agreements  

A more in-depth examination of code application revealed the public policy tools used in each 

type of agreement based on their respective instrument (Table 7). Tools (used in agreement- and 

incentive-based instruments) that are present in all agreements include a planning regime, the 

general obligation to cooperate and the obligation not to cause significant harm, which are part of 

international customary law. Tools (used in communication- and information-based instruments) 
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that are present in all agreements include data sharing, monitoring, and water quality/quantity 

control mechanisms. Lastly, present in all agreements are authority and responsibility tools 

which stem from de jure- and de facto-based instruments.  

 

 
Table 7. Presence (+) and absence (-) of public policy tools in each aquifer agreement. Dark gray denotes tools used 

in all agreements. Light gray symbolizes tools used in all agreements with the exception of the proposed agreement. 

 

5.2.3 Presence/absence of tools based on agreement  

 

Tools of Agreement- and Incentive-Based Instruments  

The presence of a conflict resolution mechanism exists in all agreements with the exception of 

the NW Sahara Aquifer Agreement (informal) and the Nubian Sandstone Aquifer Agreement 

(informal). All agreements include some type of mechanism that facilitates flexibility except the 

two informal agreements mentioned previously and the UNILC Draft Articles (model). Present 

in all agreements with the exception of the Snake Valley Aquifer Agreement (proposed) are the 

establishment of a joint committee as well as the third international customary law, equitable and 

reasonable use. The mention of previous agreements is present in model agreements, the 

Genevois Aquifer Agreement (legally-binding), the Guarani Aquifer Agreement (informal) and 

the Snake Valley Aquifer Agreement (proposed).  
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Tools of Communication- and Incentive- Based Instruments 

Model, legally-binding, and proposed agreements define their terms used in the document while 

only the model agreements and proposed agreements outline a public outreach component.  

 

Tools of De-jure and De-Facto- Based Instruments 

Liability rules are outlined only in the Genevois Aquifer Agreement (legally-binding).  

 

Tools of Economic- and Fiscal- Based Instruments 

Sources for project funding are expressed in both the model agreements, the Genevois Aquifer 

Agreement (legally-binding), and the NW Sahara Aquifer Agreement (informal) whereas a 

project pricing mechanism is present only in the Genevois Aquifer Agreement (legally-binding) 

and the NW Sahara Aquifer Agreement (informal).  

 

Tools of Regulatory-Based Instruments 

Prescriptive rules are not outlined in either of the model agreements or the proposed agreements 

while present in both legally- binding and proposed agreements. Finally, there exists an absence 

of prohibitive rules in the Genevois Agreement (legally-binding) and the Bellagio Draft Treaty 

(model) while present in the Al Saq/Al Disi Aquifer Agreement (legally-binding), UNILC Draft 

Articles (model), and the Snake Valley Aquifer Agreement (proposed).  
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VI. DISCUSSION 

6.1 Analysis of Results 

Research Questions: 

1. What components do frameworks for transboundary aquifer governance include? 

2. What instruments and tools create effective transboundary aquifer agreements? 

 

In the previous chapter, the instruments and tools used to create effective transboundary aquifer 

agreements were assessed to answer the second research question. The frameworks outlined by 

Varady et al., (2013) and ISARM (2002) enabled a comprehensive analysis of the components 

necessary for transboundary groundwater governance therefore answering the first research 

question. The following section discusses the research questions through an analysis of these 

results and subsequently applies the lessons learned to the Memphis Sand Aquifer. 

 

6.1.1 New Public Policy Instruments and the Emerging Governance Trend 

This analysis highlights the ways in which transboundary aquifers and groundwater are managed 

internationally. From this, it is clear that a paradigm shift in the ways natural resources are 

managed is beginning. This shift, from old to new public policy instruments, “offers less 

interventionist forms of public regulation, taking into account the recurrent criticisms directed at 

instruments of the ‘command and control’ type (Lascoumes and Le Gales, 2007). Instead, the 

tools being employed presuppose a state in retreat from its traditional function therefore 

renouncing its power of constraint and becoming involved in modes of contractual exchange 

(Lascoumes and Valluy, 1996). New public policy instruments, agreement- and incentive-based 

and communication- and information-based, are based on communication and consultation, 

which aid in renewing the foundations of legitimacy whereas old public policy instruments, de 

jure- and de facto-based, regulatory-based, and economic- and fiscally- based, are seemingly 

based on power relations within a society. That said, there is a strong tendency in political 

science literature to associate government with traditional forms of public policy (old 

instruments), while governance is often seen as becoming manifested in the appearance of new 

policy instruments (Jordan et al., 2003).  
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Government, according to Heywood (2000), is defined as making, implementing, and 

interpreting law. Richards and Smith (2002) add that “government is bureaucracy, legislation, 

financial control, regulation, and force.” In contrast, governance is characterized by the growing 

use of non-regulatory policy instruments where non-state actors, sometimes working alongside 

state actors or independently, propose, design, and implement policy instruments. Hence, 

“governance and government are not fixed entities, but two heuristic ‘poles’ on a continuum of 

different governing types” (Wurzel and Zito, 2005, p. 478). At its heart, the governance debate is 

essentially concerned with understanding who or what steers society. Thus, under a 

‘government’ approach, society is steered by central government, whereas in a ‘governance’ 

model, ‘society actually does more self-steering rather than depending upon guidance from 

government’ (Peters, 2000). With this in mind, transboundary groundwater is experiencing a 

shift from ‘command and control’ management styles to coordination, which is analogous to a 

shift from government to governance. 

 

6.1.2 Necessary Components for a Transboundary Aquifer Governance Framework 

A framework for transboundary aquifer governance requires several other considerations when 

compared to that of groundwater governance. This research suggests that there should be two 

facets of transboundary groundwater governance, one for the groundwater stored in the aquifer 

and another for the actual aquifer. Designing a governance framework that distinguishes the 

aquifer from groundwater, but includes management regimes for each, is no easy feat.  However, 

implementing the four principle dimensions of “good” groundwater governance into elements of 

the ISARM framework, and recognizing the need for hydrodiplomacy, is a germane path to 

follow. Doing so will provide the stepping stones necessary for building a holistic guide to 

transboundary groundwater governance.  

 

Having said that, a framework for transboundary groundwater governance should include the 

following components (Figure 8). These are not shown in any particular order as the framework 

should be adaptable for a case-by-case basis. In other words, the order with which such 

components are addressed will be up to the decision- and/or policy-makers for the particular 

groundwater basin. The following components are simply the considerations that should be made 

when working to govern a transboundary aquifer and what these steps lead to.  



44 

 

Hydrodiplomacy, the basis for joint governance, should be established so as to build trust 

between parties involved. This step begins with a stakeholder analysis to determine the key 

participants needed to create and maintain governance of the aquifer. Foster et al. (2009) named 

some general reasons why stakeholder participation is a critical instrument in groundwater 

governance: (1) management decisions taken unilaterally by a regulatory agency without social 

consensus are often impossible to implement and (2) essential management activities (e.g., 

monitoring, fee collection) can be carried out more effectively through cooperation, integration 

and consultation.  

 

 

Water conflicts emerge because different actors have competing interests for use of water. These 

are made worse by misperceptions, entrenched thinking, and miscommunication between parties. 

Thus, a component of transboundary aquifer governance must focus on the interests, values, and 

needs of those involved, and not so much on their respective positions. Rather than divvy up the 

water immediately, emphasis should be placed on the process of agreeing and the relationships 

that can emerge. Doing so facilitates lasting cooperation to ensure the protection of the subject 

aquifer.  

 

Conducting assessments of the scientific-hydrogeologic scope must include accounting for the 

features of transboundary resources, the spatial distribution of parameters that may affect the 

behavior and development of the subject aquifer, the hydraulics of the groundwater, and the 

prerequisites to transboundary aquifer management. At the same time, assessments regarding 

socio-economic, environmental, and institutional and legal aspects should be conducted. At this 

point, the principal dimensions of groundwater governance can be applied and a joint committee 

“Generally, the process of transboundary aquifer management rests with the national entities 

responsible for their territorial water management and for multilateral cooperation, with 

support of local, national, and international stakeholders. Ideally, the process is driven by the 

demands of the sharing [states], based on a recognized need and assessment of the positive 

benefits of addressing identified issues outweighing the costs associated with the 

interventions” (Puri and Villholth, 2018, p. 380). 
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to monitor the aquifer can be established. These assessments will essentially be the basis for the 

agreement between the parties involved and should be conducted by respective federal and state 

agencies.  

 

Figure 8. A representation of the considerations to be made for transboundary aquifer governance 

 

6.1.3 Instruments and Tools of Effective Transboundary Aquifer Agreements 

Based on the analyses outlined above, the basic structure of an effective transboundary aquifer 

agreement must include the following tools used in agreement- and incentive-based instruments, 

communication- and information-based instruments, and de jure- and de facto-based instruments. 

Such tools are present in all agreements, across types. I infer that the following are necessary in 

agreements that have yet to be developed, including that for the Memphis Sand Aquifer: 

  

• Customary Law- general obligation to cooperate, obligation not to cause significant harm 

• Planning regime 

• Data sharing mechanism 

• Monitoring program 

• Water quality/quantity control mechanism 

• Outline of authority and responsibilities 
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The 1990s brought about a shift in customary law principles where groundwater began to be 

included alongside surface water. We now find ourselves at a point where, “even in North 

America, it is safe to say that transboundary groundwater resources are now legitimate subjects 

for international cooperation” (Eckstein and Hardberger, 2009, p. 97). That said, the inclusion of 

international customary law in domestic transboundary aquifer agreements creates potential for 

international cooperation. The general obligation to cooperate and obligation not to cause 

significant harm, included in all agreements analyzed here, are necessary foundations upon 

which to build transboundary aquifer agreements. Without these, an agreement is subject to 

failure as all parties must agree to cooperate with one another and have a desire to protect the 

subject aquifer.  

 

A planning regime for utilization of the aquifer between involved parties must be included in an 

agreement as this should outline the management strategies to be implemented. This component 

should be bolstered by the data sharing and monitoring mechanisms employed, as well as the 

water quality/ quantity controls offered. This component of an agreement is of grave importance 

as it provides a level of sustainability for the subject aquifer. The nuts and bolts of the planning 

regime provide an avenue for continued cooperation between the entities involved and must be 

included in transboundary aquifer agreements under development. 

 

Outlining authority and responsibilities is also essential as this establishes a hierarchy of who is 

in charge and of what. Without this component, the probability of conflicts and disputes rises. 

Managing natural resources is already a challenge in and of itself; adding the transboundary 

nature of aquifers requires a clear understanding of the roles and duties of those involved in 

management on either side of the border.   

 

The analysis also highlighted those tools, stemming from agreement- and incentive based and 

communication- and information- based instruments present in most agreements, but not all. 

Agreements that do not include these tools are not as effective as those that do. Reasons for this 

are explained in the subsequent section. Thus, to create an effective transboundary aquifer 

agreement, the inclusion of the following should also be considered to augment the basic 

structure outlined above. 
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• Establishment of a joint committee 

• Customary Law- equitable and reasonable use 

• Conflict resolution mechanism 

• Flexibility 

• Defining terms 

• Public outreach component 

 

The establishment of a joint committee and inclusion of equitable and reasonable use, the third 

international customary law, is present in all agreements with the exception of the Snake Valley 

Aquifer agreement between Utah and Nevada. This fact, combined with the co-occurrence of the 

two codes in all other agreements, lead to the notion that an agreement over a transboundary 

aquifer cannot establish a joint committee without outlining equitable and reasonable use and 

vice-versa. This could also be a potential reason why the Snake Valley Aquifer agreement was 

never signed by both parties.  

 

To add to this, a conflict resolution mechanism is present in both model, both legally-binding, 

one informal (Guarani Aquifer agreement), and the proposed agreements. The other two informal 

agreements, the NW Sahara Aquifer and Nubian Sandstone Aquifer, did not outline a method to 

resolve any possible conflicts or disputes. This could possibly be due to the assumption by the 

parties involved in each respective agreement that their particular agreement will be followed, 

thereby eliminating  any potential for conflict to arise. Another possible reason for the exclusion 

of a conflict resolution mechanism is the informal nature of these agreements, thereby leading to 

the notion that a more formal agreement must have a component for resolving conflicts.  

 

The informal agreements without a conflict resolution strategy are also inflexible as they do not 

have a statement that allows for agreement revision. Again, this exclusion may be due to the 

informal nature of such agreements though the UNILC Draft Articles, a model agreement, does 

not have a component of flexibility either.  The UNILC Draft Articles have been criticized in the 

past for being too rigid to implement which has prevented their implementation and is the main 

reason they have maintained a “model” status. Thus, to be more effective and reach 
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implementation, an agreement must be flexible and allow for modifications to the agreement if 

deemed necessary.  

 

Defining the terms used in a transboundary aquifer agreement is a requirement for increased 

effectiveness. The same informal, inflexible agreements without a conflict resolution mechanism 

do not provide definitions for the terms used in their respective agreement while all other 

agreements under study provided meanings for major terms used. Therefore, developing a new 

transboundary aquifer agreement that is more effective than an informal agreement must offer 

definitions to the major terms used. This would limit any confusion on the subject aquifer and/or 

the parties involved that might arise throughout the duration of that particular agreement.  

 

Generally speaking, data, and therefore knowledge, on transboundary aquifers is sparse globally. 

The subsurface nature of aquifers makes them extremely difficult to understand posing great 

challenges in spreading correct information about them. Of the current agreements in place, only 

the model agreements outline public outreach programs. However, as the rise of transboundary 

aquifer agreements commences, equipped with monitoring and data sharing mechanisms, so to 

should the inclusion of public outreach components. Raising awareness of groundwater quality, 

quantity, and availability should be considered essential, especially with transboundary 

groundwater. While the future of these freshwater sources is in the hands of decision- and policy-

makers of the particular parties involved in creating agreements, an informed public is a 

powerful public. Sharing information about aquifers with the populations that overly them will 

lead to increased understanding, and therefore protection, over these precious resources. Further, 

agreements over transboundary aquifers will affect the populations that obtain freshwater from 

that particular aquifer. The entities crafting an agreement hold a civic duty to share the 

information garnered with their respective populations.  

6.2 A Transboundary Groundwater Governance Framework and Draft Agreement for the 

Memphis Sand Aquifer 
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Figure 9. A framework for transboundary aquifer governance for the Memphis Sand Aquifer 

 

Step 1: Based on the history of disputes between Mississippi and Tennessee, a governance 

framework for the Memphis Sand Aquifer must first begin with establishing hydrodiplomacy 

between the entities involved in the case, as well as the riparian states of the aquifer (e.g. 

Arkansas). Cooperation between states is fundamental to the aquifer’s viability. Mississippi must 

work with Tennessee, and vice versa, in determining feasible steps to take that leave both states 

content. To effectively govern this particular aquifer, differences between states must be set 

aside and focus should shift to the sustainability of the aquifer as a resource for both locations. 

This will involve Tennessee’s actual acceptance that their pumping has altered the natural flow 

of groundwater in the Memphis Sand Aquifer and the implementation of some type of mitigation 

measure so as to limit their withdrawals thereby attenuating the existing cone of depression.  

 

At the same time, however, Mississippi must acknowledge that the population in Shelby County 

far surpasses that of DeSoto County. Additionally, Mississippi must take into account the fact 

that Tennessee has been pumping water from the aquifer since the late 1800s; it will take some 

time to shift their practices and move to another source of freshwater. In any case, emphasis must 

be placed on the fact that current trends and uses of the aquifer are unsustainable.  
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Step 2: Once hydrodiplomacy is achieved and focus is placed on the viability of the aquifer, 

assessments should be conducted to begin establishing sustainable aquifer governance. These 

include examining the scientific and hydro-geologic scope and institutional and legal aspects, 

simultaneously. Subsequently the principle dimensions for groundwater governance (political-

institutional, socio-cultural, economic, ecological) can be implemented, followed by another 

simultaneous assessment of the relevant socio-economic and environmental aspects of the 

Memphis Sand Aquifer.  

 

While studies based on the scientific and hydrogeologic scope have already been conducted for 

this aquifer, these have not been communicated in an effective manner. Thus, efforts should be 

directed at ensuring comprehension amongst both states on their shared resource. The correct 

identification of flow and movement of water, followed by its quantification, should be agreed 

upon followed by an explanation of the parameters that may affect the behavior and development 

potential of the Memphis Sand Aquifer.  

 

Step 3: After assessments have been conducted and are agreed upon, an agreement between 

Mississippi and Tennessee (and riparian states) can be created and implemented. This agreement 

should include the key tools outlined in the previous sections where emphasis should be placed 

on first establishing a joint committee augmented by the hydrodiplomacy achieved in the first 

step of this governance framework.  
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Transboundary Aquifer Draft Agreement for the Memphis Sand Aquifer 

 

Preliminary Article 

The present agreement was drafted with the goal of ensuring the future of the Memphis Sand Aquifer... 

 

Article 1 

Definitions of terms used throughout document 

▪ Aquifer, Aquifer State, etc.… 

 

Article 2 

Establishment of Memphis Sand Aquifer Joint Management Committee 

▪ Composed of representatives of agencies/entities in charge of water resources in each aquifer state, including riparian states. 

 

Article 3 

Inclusion of International Customary Law 

▪ General obligation to cooperate 

▪ Obligation not to cause significant harm 

▪ Equitable and reasonable use 

o Utilize transboundary aquifers or aquifer systems in a manner that is consistent with the equitable and reasonable 

accrual of benefits therefrom to the aquifer States concerned 

o Maximize the long-term benefits derived from the use of water contained therein 

o To be determined by Joint Committee 

 

Article 4 

Outline of authority and responsibilities 

• Annual aquifer review to ensure control and protection of groundwater (i.e. planning regime) 

• Establish use for aquifer states 

• Oversee construction and maintenance of new waterworks and equipment 

• Appoint technical consultants specialized in water matters 

• Investments/ operational costs 

• Communicate with Aquifer States 

 

Article 5 

Planning regime 

o Joint committee shall establish and implement plans for the proper management of their transboundary aquifers or 

aquifer systems. 

o Identify transboundary groundwater conservation zones 

• Monitoring program 

o Use agreed or harmonized standards and methodology for monitoring their transboundary aquifers or aquifer systems. 

o Identify key parameters that they will monitor based on an agreed conceptual model of the aquifers or aquifer systems.  

• Water quantity/quality control mechanism 

o Identify the recharge and discharge zones of transboundary aquifers or aquifer systems that exist within their territory. 

o Establish pumpage rates and extraction volumes for each state 

• Data sharing mechanism 

o On a regular basis, exchange readily available data and information on the condition of their transboundary aquifers or 

aquifer systems, in particular of a geological, hydrogeological, hydrological, meteorological and ecological nature and 

related to the hydrochemistry of the aquifers or aquifer systems, as well as related forecasts 
 

Article 6 

Conflict resolution mechanism 

▪ Enter into consultations and, if necessary, negotiations with a view to arriving at an equitable resolution of the situation.  

▪ Utilize an independent fact-finding body to make an impartial assessment 
 

Article 7 

Public outreach component 

▪ All monitoring data collected should be shared and made available to the public. 

▪ Increase aquifer literacy amidst public in each aquifer state 

 

Article 8 

Flexibility 

▪ Agreement may be amended by agreement of the Parties. 

▪ Agreement shall be reviewed every X year(s). 

Article 9 

Final provisions and Signatures 
▪ A copy of agreement for each Party 

▪ Date when agreement will take effect 
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6.3 Limitations  

 

➢ This assessment is a first attempt to determine the key elements of a transboundary 

aquifer agreement and governance framework. It was conducted with aims to be utilized 

by the decision-makers that hold stock in the case between Mississippi and Tennessee 

over the Memphis Sand Aquifer. The framework outlined extensively in Figure 7, 

however, was crafted to fit the needs of the subject case and will likely be different for 

other cases on different aquifers. Users of this document should refer to Section 5.1.3 

when attempting to implement governance in their respective aquifer states.  

 

➢ While there exists other governance frameworks and agreements for transboundary 

aquifers, these were not included in this analysis due to their relevance to the study. A 

similar examination with inclusion of these may yield different results.  

 

➢ Resultant of the lack of data on aquifers, the information used to construct map 

representations originated from several different USGS publications and circuits, as well 

as Supreme Court documentation found through a Google search.  

 

➢ Groundwater and surface water rights are different in states that exist east of the Rocky 

Mountains compared to those west of the Rocky Mountains. Because this analysis 

focused on a case study, this relationship was not examined.  

 

➢ Lastly, the occurrence of Mississippi and Tennessee’s ongoing lawsuit may have an 

effect on the amount of literature and information available currently. 

 

6.3.1 Future Research 

Because this study was a first attempt at determining the key ideals of political sociology used in 

transboundary aquifer agreements and the major components of transboundary aquifer 

governance, opportunities for future research are abundant. First, applying the Social 

Construction Theory to the region of study to increase the framework’s feasibility would be 

useful as the best strategies to establish hydrodiplomacy could be inferred. Second, the 

application of the transboundary aquifer governance framework and agreement established here 
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should be done in other regions. Third, future research could also delve into and examination of 

areas with high water conflict and the likelihood of their utilization of this study’s results.  

 

 

CHAPTER VII. RECOMMENDATIONS AND IMPLICATIONS 

 

Research Questions: 

1. What components do frameworks for transboundary aquifer governance include?  

2. What instruments and tools create effective transboundary aquifer agreements? 

 

Problem synthesis 

The primary problem facing states overlying a shared aquifer, specifically Mississippi and 

Tennessee, is groundwater depletion due to disparate ideals of ownership and the right to use 

said groundwater. While advances in transboundary groundwater governance are progressing, 

only five groundwater specific agreements have been established globally. This is consequent to 

the fact that groundwater is, in essence, invisible and vastly misunderstood by the public and 

policymakers. While scientific knowledge of hydrogeology, and the physical and chemical 

characteristics of groundwater is developing continuously, relatively little is known about how to 

form the legal basis and policies governing these services, or about the requirements of sensible 

enforcement (Knuppe and Pahl-Wostl, 2011). The following conclusions are not intended to be 

the ultimate solution to this problem, though they recommend possible ways to improve this 

phenomenon.  

 

7.1 Recommendations 

This research assessed the key components necessary for transboundary aquifer governance and 

examined the necessary aspects of a transboundary aquifer agreement. Analyzing existing 

frameworks and studying political sociology in existing agreements provided an avenue to 

perceive the situation between Mississippi and Tennessee over the Memphis Sand Aquifer. The 

results could be useful for the Supreme Court in their ruling and the aquifer states of the 

Memphis Sand. This report could also be useful for other aquifer states that overly other 

aquifers, water managers, policymakers, and/or decision makers considering the current and 
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future challenges of shared groundwater. Acknowledging the problem of and reasons for 

groundwater depletion, I make the following 6 recommendations:  

 

1. There must be a recognizable distinction between an aquifer and the groundwater it 

holds. Groundwater is the resource we extract and need to survive while the aquifer is the 

vessel through which that water freely flows. Overexploiting groundwater has 

detrimental effects on the aquifer, which ultimately has negative impacts human well-

being. States cannot own groundwater, only the pore spaces it is stored in. Decision and 

policy makers must have an understanding of such facts moving forward and reflect these 

in rules, regulations, policies, and laws governing groundwater.  

 

2. To ensure the future availability of groundwater, education on the resource should be 

developed. Funding should be provided for further studies on aquifer systems and the 

amount of available groundwater. Doing so would place importance on aquifer systems 

as sources for freshwater, a vital resource that requires careful management in the wake 

of the Anthropocene. Lessons can then be taught to the general public, further ensuring 

that these systems are viewed as significant. 

 

3. Once importance is emphasized, achieving governance for aquifers and groundwater, 

both interstate and intrastate, will be more likely to attain. Transboundary aquifers and 

groundwater, specifically, need to be managed on a local, regional, and national, and 

even international levels. Thus, governance is needed across many different scales and 

requires much coordination and cooperation. It may be wise to establish interstate 

agencies whose main focus is managing transboundary groundwater. Governance, in any 

case, must be centered on the sustainability of the aquifer and lead to the development of 

an agreement of how to share the groundwater amongst states.  

 

4. Aquifer states, those that overly an interstate aquifer, should therefore aim to establish 

hydrodiplomacy. This study concluded that a joint committee composed of 

representatives from each state is necessary for an effective aquifer agreement. 

Hydrodiplomacy provides an avenue for the establishment of such a committee and 
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fosters continued cooperation and collaboration for groundwater resources. This would 

also bolster the use of the policy instruments and tools, determined to be essential from 

this study, to augment such agreements. 

 

5. In their ruling on Mississippi v. Tennessee, the US Supreme Court should account for 

groundwater’s distinction from surface water and the disparities between an aquifer and 

groundwater. Results of this analysis could be utilized to augment their decision. It 

should also be addressed that the impacts of this case are far more significant for MLGW 

and Memphis residents than for those in Mississippi. Shelby County has a larger 

population (approximately 1 million) than De Soto County (approximately 175,000) 

requiring the Supreme Court to consider the needs of each state individually. The growth 

of Shelby County, both in population and economy, may be attributed to their use of the 

Memphis Sand Aquifer for the last century (US Census Bureau). Mississippi should have 

the same opportunity to grow and flourish over the next century.  

 

7.2 Implications for Mississippi and Tennessee, the rest of the United States, and Beyond 

The case between Mississippi and Tennessee marks the first-time a transboundary groundwater 

resource has been litigated before the Supreme Court. The Supreme Court is now faced with a 

major decision: siding with Tennessee and applying equitable apportionment to the Memphis 

Sand Aquifer, siding with Mississippi affirming that a state can own water or prompting the 

states to enter into an agreement that lays out how the water will be shared.  

 

The first option would synchronize interstate groundwater and surface water law, which makes 

sense on paper but not so much in reality. While connected, groundwater characteristics and 

dynamics are completely different from those of surface water. The Memphis Sand Aquifer 

should be viewed as shared reservoir rather than a shared river. 

 

The second option would be a “sharp reversal of modern jurisprudence and policy” (Klein, 2016, 

p. 520). When regulating groundwater use within its own boundaries, Mississippi does not even 

consider overlying property an indicator of ownership. This decision would further drive 
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groundwater and aquifer misunderstandings and misconceptions and continue the fallacy that 

water conforms to political boundaries. 

 

The third option would be the first of its kind in the United States: an agreement to deal solely 

with a transboundary aquifer and the groundwater that flows through it. The main focus here is 

the sustainability of the aquifer for anthropogenic use and ecosystem protection rather than 

discrepancies in ideologies over groundwater ownership. This decision would encourage 

cooperation, coordination, and collaboration in the face of an uncertain future, which has 

implications that extend both inside and outside of the US.  

 

Because this is the first time a case related solely to groundwater has been heard before the 

Supreme Court, the decision rendered could possibly be mimicked globally. It is, therefore, 

critical that the Supreme Court make their decision with the idea of fostering sustainability at the 

forefront of their decision-making process. 

 

Population growth and climate change pose serious threats to our shared resources; it should be 

our mission to determine how to work with one another to ensure future supplies of those 

resources. It seems juvenile to discuss the idea of sharing as it is something we are all taught at a 

young age. Though this case boils down to just that: sharing our resources. Everything in this 

world is connected and it is time to start reflecting that in our policies governing the natural 

resources we all need to survive.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



57 

BIBLIOGRAPHY 

 

Acreman, M. (2004). Water and Ethics. International Hydrological Programme of UNESCO. 

Akamani, K., & Wilson, P. I. (2011). Toward the adaptive governance of transboundary water  

resources. Conservation Letters, 4(6), 409-416. 

Alvarez Tostado Delgado, P. (2013). Collaborative assessment and management of  

transboundary aquifers in North America (Doctoral dissertation). 

Arthur H. Chan, Outline of a Three-Stage Policy of Interstate Groundwater Allocation that  

Promotes Equity, Efficiency, and Orderly Development, 26 Land & Water L. Rev. 149, 

150 (1991) 

Berris, P. G. (2016). Mississippi v. Tennessee: Resolving an Interstate Groundwater Dispute.  

Duke J. Const. Law & PP Sidebar, 12, 1-1. 

Blanco-Gutiérrez I, Varela-Ortega C, Flichman G (2011) Cost-effectiveness of groundwater  

conservation measures: a multi-level analysis with policy implications. Agr Water Manag  

98(4):639–652.  

Blatter, J., & Ingram, H. (2000). States, markets and beyond: Governance of transboundary water  

resources. Nat. Resources J., 40, 439. 

Boulton, A. J., Humphreys, W. F., & Eberhard, S. M. (2003). Imperiled subsurface waters in  

Australia: biodiversity, threatening processes and conservation. Aquatic Ecosystem 

Health & Management, 6(1), 41-54. 

Cameron, A. B. (2009, March). Mississippi v. Memphis: A Study in Transboundary Ground  

Water Dispute Resolution. In Sea Grant Law and Policy Journal 2009 Symposium. 

Campana, M. E. (2005). Foreword: transboundary ground water. Ground Water-Journal of the  

Association of Ground Water Scientists and Engineers, 43(5), 646-652. 

Campana, M.E., 2016. Mississippi v. Memphis: The Curious Case of the Memphis Sand Aquifer.  

pp. 117-136.  

Cash, D., Adger, W. N., Berkes, F., Garden, P., Lebel, L., Olsson, P., ... & Young, O. (2006).  

Scale and cross-scale dynamics: governance and information in a multilevel  

world. Ecology and society, 11(2). 

Chaffin, B. C., Gosnell, H., & Cosens, B. A. (2014). A decade of adaptive  

governance scholarship: synthesis and future directions. Ecology and Society, 19(3). 

Cosens, B., Craig, R., Hirsch, S. L., Arnold, C. A., Benson, M., DeCaro, D., ... & Schlager, E.  

(2017). The role of law in adaptive governance. Ecology and Society, 22(1). 

Council of Canadian Academies. 2009. The sustainable management of groundwater in Canada. 

Custodio, E. (2002). Aquifer overexploitation: what does it mean?. Hydrogeology journal, 10(2),  

254-277. 

Dietz, T., Ostrom, E., & Stern, P. C. (2003). The struggle to govern the commons. Science,  

302(5652), 1907-1912.  

DiMaggio (eds), The New Institutionalism in Organizational Analysis, Chicago: Chicago  

University Press, pp. 63 82. 

Department of Primary Industries, Parks, Water and Environement (DPIPWE). (2017). Confined  

and Unconfined Aquifers. Tasmanian Government. (2017, 04 Nov). Retrieved from:  
http://dpipwe.tas.gov.au/water/groundwater/aquifers/confined-unconfined-aquifers 

Eckstein, Gabriel. 1998. Hydrologic Reality: International Water Law and Transboundary  

Ground-Water Resources. In: Water: Dispute Prevention and Development, American  

University Center for the Global South, Washington, D.C. 

Eckstein, G. E. (2007). Commentary on the UN International Law Commission's draft articles on  

http://dpipwe.tas.gov.au/water/groundwater/aquifers/confined-unconfined-aquifers


58 

the law of transboundary aquifers. Colo. J. Int'l Envtl. L. & Pol'y, 18, 537. 

Eckstein, G., & Hardberger, A. (2009). State practice in the management and allocation of  

transboundary ground water resources in North America. 

Eckstein, G., & Sindico, F. (2014). The law of transboundary aquifers: many ways of going  

forward, but only one way of standing still. Review of European, Comparative & 

International Environmental Law, 23(1), 32-42. 

Feldman, D. L., & Elmendorf, J. O. (2000). Water supply challenges facing Tennessee: Case  

study analyses and the need for long-term planning. Environment Policy Office, TDEC,  

Nashville, USA. 

Fetter, C. W. (2001). Applied Hydrogeology (4th ed.). Upper Saddle River, New Jersey,  

Prentice-Hall, Inc.  

Foster S, Garduno H, Tuinhof A, Tovey C (2009) Groundwater governance–conceptual  

framework for assessment of provisions and needs. World Bank GW MATE Strategic  

ovrview series (1), Washington DC     

Freeze, R. A., & Cherry, J. A. (1974). A. 1979. Groundwater. Prentice—Hall, Inc Englewood  

cliffs, New Jersey, 604, 2l5-227. 

Gabriel E. Eckstein (2011) Managing buried treasure across frontiers: the international Law of  

Transboundary Aquifers, Water International, 36:5, 573-583, 

Galano, M. & Edwards, A. (2003). Who Owns the Water: A Summary of Existing Water Rights  

Laws. A Water System Council Report. 

Gary L. Widman, Groundwater-Hydrology and the Problem of Competing Well Owners, 14  

Rocky Mtn. Min. L. Inst. 523, 523 (1968) 

Genevois Convention. (2007). Convention relative à la protection, à l’utilisation, à la  

réalimenation et au suivi de la nappe souterraine franco-suisse du Genevois, (2007, 18  

Dec.). Retrieved from  

http://www.unece.org/env/water/meetings/legal_board/2010/annexes_groundwater_paper 

/Arrangement_French_Swiss.pdf.  

Getches, D. H. (1997). Water Law in a nutshell (2nd ed.). West Publication Co. St. Paul,  

Minnesota 

Global Water Partnership. (2000). Integrated water resources management. Stockholm, Sweden  

Global Water Partnership. 

Gupta, J., Pahl-Wostl, C., & Zondervan, R. (2013). ‘Glocal’water governance: a multi-level  

challenge in the anthropocene. Current Opinion in Environmental Sustainability, 5(6), 

573-580. 

Hall, N. D., & Cavataro, B. L. (2013). Interstate Groundwater Law in the Snake Valley:  

Equitable Apportionment and a New Model for Transboundary Aquifer Management.  

Utah L. Rev., 1553. 

Hall, N. D., & Regalia, J. (2016). Interstate Groundwater Law Revisited: Mississippi v.  

Tennessee. 

Hancock PJ, Boulton AJ, Humphreys WF (2005) Aquifers and hyporheic zones: towards an  

ecological understanding of groundwater. Hydrogeol J 13(1):98–111 

Hardin, G. (2009). The Tragedy of the Commons. Journal of Natural Resources Policy Research,  

1(3), 243-253 

Hardberger, A. (2004). What lies beneath: determining the necessity of international  

groundwater policy along the United states–Mexico border and a roadmap to an 

agreement 

http://www.unece.org/env/water/meetings/legal_board/2010/annexes_groundwater_paper


59 

Hathaway, D. L. (2011). Transboundary Groundwater Policy: Developing Approaches in the  

Western and Southwestern United States., 103-113 

Head, B. W. (2008). Assessing network-based collaborations: effectiveness for whom?. Public  

Management Review, 10(6), 733-749.Helsinki Rules on the Uses of the Waters of 

International Rivers, (1966). International Law  

Association, Report of the Fifty-Second Conference, Helsinki. London.  

Hesser, J. N. (2011). The Nature of Interstate Groundwater Resources and the Need for States to  

Effectively Manage the Resource Through Interstate Compacts. Wyo. L. Rev., 11, 25. 

Heywood, A. (2000). Key concepts in politics. Macmillan. 

Hornberger, G. M., Wiberg, P. L., Raffensperger, J. P., & D'Odorico, P. (2014). Elements of  

physical hydrology. JHU Press. 

Ingram, H. (2000). Transboundary groundwater on the US-Mexico border: Is the glass half full,  

half empty, or even on the table. Nat. Resources J., 40, 185. 

International Law Commission. 2002. http://www.un.org/iIc 

ISARM/UNESCO, 2002. A Framework Document. Paris, UNESCO, Non Serial Documents in  

Hydrology 

John D. Leshy, Interstate Groundwater Resources: The Federal Role, 14 Hastings W.-Nw. J.  

Envtl. L. & Pol’y 1475, 1486–87 (2008). 

Jordan, A., Wurzel, R. K., & Zito, A. R. (2003). Has governance eclipsed government? Patterns  

if environmental instrument selection and use in eight states and the EU (No. 03-15).  

CSERGE Working Paper EDM. 

Joshi, S. R. (2005). Comparison of Groundwater Rights in the United States: Lessons for Texas.  

Ph. D. thesis, Texas Tech University 

Karkkainen, B. C. (2005). Transboundary ecosystem governance: Beyond sovereignty. Public  

participation in the governance of international freshwater resources, 72-87. 

Katic, P., & Grafton, R. Q. (2011). Optimal groundwater extraction under uncertainty: resilience  

versus economic payoffs. Journal of Hydrology, 406(3), 215-224. 

Klein, Christine A. "Owning Groundwater: The Example of Mississippi v. Tennessee." Va.  

Envtl. LJ 35 (2016): 474. 

Knieper C, Kastens B, Holtz G, Pahl-Wostl C (2010) Analysing water governance in  

heterogeneous case studies—experiences with a database approach. Environ Sci Pol  

13(7):592–603. 

Knüppe, K., & Pahl-Wostl, C. (2011). A framework for the analysis of governance structures  

applying to groundwater resources and the requirements for the sustainable management  

of associated ecosystem services. Water Resources Management, 25(13), 3387-3411. 

Lascoumes, P., & Le Galès, P. (2007). Introduction: Understanding public policy through its  

instruments—From the nature of instruments to the sociology of public policy  

instrumentation. Governance, 20(1), 1-21. 

Lascoumes, P., & Valluy, J. (1996). Les activités publiques conventionnelles (APC): un nouvel  

instrument de politique publique? L'exemple de la protection de l'environnement  

industriel. Sociologie du travail, 551-573. 
Lloyd], W. F. (1980). WF Lloyd on the Checks to Population. Population and Development Review, 6(3),  

473-496. 
Matsumoto, K. (2002). Transboundary groundwater and international law: past practices and  

current implications (Doctoral dissertation, Oregon State University). 

Megdal, S. (2013). Useful Lessons from Transboundary Water Efforts along the United  

States/Mexico Border. WATEC Powerpoint Presentation Tel Aviv, Israel. Retrieved  

http://www.un.org/iIc


60 

from, https://wrrc.arizona.edu/sites/wrrc.arizona.edu/files/pdfs/W A TEC_10_2013_0.pdf  

Moore, G.K., 1965, Geology and hydrology of the Claiborne Group in western Tennessee: U.S.  

Geological Survey Water-Supply Paper 1809-F, 44 p.  

Montaño et al. 2001. Acuíferos Regionales en América Latina, Sistema Aquífero Guaraní,  

Capítulo argentino-uruguayo. Santa Fe, Universidad Nacional del Litoral. 

Moss, T., & Newig, J. (2010). Multilevel water governance and problems of scale: Setting the  

stage for a broader debate. 

Mukherji, A., & Shah, T. (2005). Groundwater socio-ecology and governance: a review of  

institutions and policies in selected countries. Hydrogeology Journal, 13(1), 328-345. 

Mullican, W. F. & Schwartz, S. (2004). 100 Years of Rule of Capture: From East to  

Groundwater Management. Report 361. Texas water Development Board, Austin, Texas.  

Newig, J., & Fritsch, O. (2009). Environmental governance: participatory, multi‐level–and  

effective?. Environmental policy and governance, 19(3), 197-214. 

Ostrom, E. (1990). Governing the commons: The evolution of institutions for collective action.  

Cambridge: Cambridge University Press. 

Ostrom, E., Gardner, R., & Walker, J. (1994). Rules, games, and common-pool resources.  

University of Michigan Press. 

Ostrom, E. (2011). Background on the institutional analysis and development framework. Policy  

Studies Journal, 39(1), 7-27. 

Ostrom, E. (2002). Common-pool resources and institutions: Toward a revised theory. Handbook  

of agricultural economics, 2, 1315-1339. 

Ostrom E (2005) Understanding institutional diversity. Princeton University Press, New Jersey 

Pahl-Wostl, C., Tàbara, D., Bouwen, R., Craps, M., Dewulf, A., Mostert, E., ... & Taillieu, T.  

(2008). The importance of social learning and culture for sustainable water management.  

Ecological economics, 64(3), 484-495. Retrieved from,  

https://www.researchgate.net/profile/Claudia_Pahl-

Wostl/publication/40102520_The_importance_of_social_learning_and_culture_for_susta

inable_ water_management/links/0deec52bea5b1204a0000000/The-importance-of-

social-learning-and- culture-for-sustainable-water-management.pdf 

Pahl-Wostl C, Holtz G, Kastens B, Knieper C (2010) Analysing complex water governance  

regimes: the management and transition framework. Environ Sci Pol 13(7): 571–581.  

Special Issue: Water Governance in Environmental Science and Policy. 

Palier, B. 2000. “Defrosting the French Welfare State.” West European Politics 23 (2): 399–420. 

Parks, W.S., and Carmichael, J.K., 1990, Geology and ground-water resources of the Fort Pillow  

Sand in western Tennessee: U.S. Geological Survey Water-Resources Investigations  

Report 89-4120, p. 20. 

Perlman, H., & USGS. (2017). Land Subsidence. Retrieved from  

https://water.usgs.gov/edu/earthgwlandsubside.html 

Peters, B. G., & Pierre, J. (2001). Developments in intergovernmental relations: towards multi- 

level governance. Policy & Politics, 29(2), 131-135. 

Powell, W.W. and DiMaggio, P.J.  (1991) ‘The iron cage revisited. Institutionalized  

isomorphism and collective rationality in organizational fields’, in W.W. Powell and P.J.  

Peters, B. G. (2000). Policy instruments and public management: bridging the gaps. Journal of  

Public Administration Research and Theory, 10(1), 35-47. 

Raj, Krishna; Salman, Salman M.A. (1999). "International Groundwater Law and the World  

Bank Policy for Projects on Transboundary Groundwater". In Salman, Salman M. A.  

https://www.researchgate.net/profile/Claudia_Pahl-
https://www.researchgate.net/profile/Claudia_Pahl-
https://water.usgs.gov/edu/earthgwlandsubside.html


61 

Groundwater: Legal and Policy Perspectives : Proceedings of a World Bank Seminar.  

World Bank Publications. 

Reisner, M. (1993). Cadillac desert: The American West and its disappearing water. Penguin. 

Renken, Robert A., 1998. Ground Water Atlas of the United States: Arkansas, Louisiana,  

Mississippi. U.S. Geological Survey Publication HA-730-F 

Richards, D. and M. Smith (2002), Governance and Public Policy. Oxford: Oxford University  

Press.  

Rittel, H. W., & Webber, M. M. (1973). 2.3 planning problems are wicked. Polity, 4, 155-169. 

Salamon, L. M. (2000). The new governance and the tools of public action: An introduction.  

Fordham Urb. LJ, 28, 1611. 

Sanchez, R., Lopez, V., & Eckstein, G. (2016). Identifying and characterizing transboundary  

aquifers along the Mexico–US border: An initial assessment. Journal of Hydrology,535,  

101-119. 

Schrader, T.P. (2007). Potentiometric surface in the Sparta-Memphis aquifer of the Mississippi  

Embayment, spring 2007: U.S. Geological Survey Scientific Investigations Map 3014, 1  

sheet. 

Tarlock, D. A. (August, 2004). Law of Water Rights and Resources.  

Taylor, C. J., & Alley, W. M. (2001). Ground-water-level monitoring and the importance of  

long-term water-level data (Vol. 1217). Geological Survey (USGS). 

The Seoul Rules on International Groundwaters. (Adopted by the International Law Association  

at the Sixty-second conference held at Seoul in 1986) 

Turton, A. R., Hattingh, J., Claassen, M., Roux, D. J., & Ashton, P. J. (2007). Towards a model  

for ecosystem governance: an integrated water resource management example.  

In Governance as a trialogue: Government-society-science in transition (pp. 1-28).  

Springer, Berlin, Heidelberg. 

UNECE Convention. (1992). United Nations Economic Commission for Europe Convention on  

the Protection and Use of Transboundary Watercourses and International Lakes. 1936 

UNTS 269, (17 March 1992, entered into force 6 October 1996).  

United Nations.1994. Draft Articles on the Law of the Non-Navigational Uses of International  

Watercourses. http://www.un.org/Iaw/ilc/texts/nnavfra.htm 

United Nations ILC Draft Articles. (2008). Resolution on the law 

 of transboundary aquifers.  

A/RES/63/124.  

United Nations Watercourses Convention. (1997). United Nations Convention on the Law of the  

Non- Navigational Uses of International Watercourses. Reprinted in 36 ILM 700, (21 

May 1997, entered into force 17 August 2014).  

U.S. Census Bureau QuickFacts: DeSoto County, Mississippi. Retrieved from  

https://www.census.gov/quickfacts/fact/table/desotocountymississippi/AGE295216 

USGS, & U.S. Geological Survey Office of Groundwater. (2003). Aquifers: Map of the Principal  

Aquifers of the United States. Retrieved from 

https://water.usgs.gov/ogw/aquifer/map.html 

Utton, A., Hayton R. (1989). Bellagio Draft Treaty. The International Transboundary Resources  

Center. Natural Resources Journal. Vol. 29. pg 668-722. 

http://www.ce.utexas.edu/prof/mckinney/ce397/Topics/Groundwater/Bellagio.pdf  

Varady, R. G., Van Weert, F., Megdal, S. B., Gerlak, A., Abdalla Iskandar, C., House-Peters, C.,  

& with major editing by McGovern, E. D. (2013). Thematic paper no. 5: Groundwater  

https://www.census.gov/quickfacts/fact/table/desotocountymississippi/AGE295216


62 

policy and governance. Rome (April 2013): Global Environment Facility - FAO, p 47.  

Also, digest of thematic paper no. 5 (2013). Groundwater governance project: A global  

framework for action, GEF, UNESCO-IHP, FAO, World Bank and 

IAH. http://www.groundwatergovernance.org 

Villholth, K. G., Lopez-Gunn, E., Conti, K., Garrido, A., & Van Der Gun, J. (Eds.).  

(2017). Advances in Groundwater Governance. CRC Press. 

Wright, K. R. Editor. (1990). Water Rights of the Fifty States and Territories. Denver Colorado.  

AWWA publications.  

Wright, K. R. Editor. (1998). Groundwater laws in the Eastern United States. Denver, Colorado.  

AWWA publications.  

Wurzel, R. K., & Zito, A., Jordan, A. (2005). The rise of ‘new’ policy instruments in 

comparative  

perspective: has governance eclipsed government?. Political studies, 53(3), 477-496 

 

 

 

 

 

http://www.groundwatergovernance.org/

	Figure 1. Map of the extent of the Middle Claiborne Aquifer, the geologic formation that houses the Memphis Sand Aquifer, and the study area of this analysis, Shelby County, TN and De Soto County, MS (outlined in black) (Schrader, 2007)

