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Summary
Groundwater resources compose the vast majority of available fresh water resources on Earth. Groundwater
scarcity, depletion, and the rate of its use are increasing in many locations across the globe. Further, global
phenomena such as climate change and globalization are shifting the dynamics of groundwater availability
and exploitation. As such, there are three key groundwater problems. The first is that of abstraction. Namely,
over-abstraction in some areas, which can cause loss of ecosystems services, permanent depletion of
groundwater resources, and under-utilization in other areas, where people’s quality of life could be improved
through access to groundwater. The second is the problem of groundwater quality. Groundwater can be
contaminated through natural geological processes or through anthropogenic activities. And the third is the
challenge of ‘glocalization’ wherein simultaneously global problems affect local groundwater resources (i.e.
reduced groundwater recharge as a result of climate change) and local groundwater problems affect global
systems (i.e. over-pumping of aquifers contributes to sea level rise). All of these challenges bring up issues of
sustainability and equity as it is related to the protection and use of groundwater resources.
Scholars agree that groundwater governance is necessary to address the resulting challenges of groundwater
abstraction, quality degradation, and the increasingly global nature of the resource. Yet, there are four key
gaps in scholarly knowledge regarding groundwater governance. First, hydrogeology literature is poorly
integrated into groundwater governance literature. Second, groundwater governance research does not use
common guiding norm (such as equity or resource protection) or take into account the multilevel perspective
in analyzing the governance architecture. Third, literature does not discuss the full range of groundwater
governance principles in relation to the drivers of groundwater problems. Fourth, groundwater governance
literature focuses on environmental, social, economic and political issues but not through a sustainability
approach, which integrates these four elements and not through an inclusive development approach, which
focuses on environmental and social consequences for the poorest and marginalized and the politics
underlying that.
Hence, this research responds to the question: What are the shortcomings of the current normative
architecture for sustainable and inclusive groundwater governance and what are the key elements of a
normative architecture at multiple geographic levels that are consistent with sustainable and inclusive
development? The following sub-questions are addressed: (1) How have groundwater governance
frameworks evolved at multiple geographic levels, from global to local? (2) How are hydrogeology,
ecosystems services and the drivers of groundwater problems taken into account in the architectural design?
(3) Which groundwater governance principles have been included in these governance frameworks at
multiple geographic levels? (4) How does legal pluralism manifest within and across multiple geographic
levels? and (5) How can current designs of the normative architecture become consistent with sustainable and
inclusive development at multiple geographic levels?
Chapter 2 elaborates the theoretical underpinnings of the research, combines the relevant theories into a
conceptual framework; and elaborates upon the chosen methods that operationalize that framework and
facilitate the analysis. Using a multi-level and institutional approach, groundwater governance is understood
as (1) a critical component of sustainable and inclusive development, (2) an instance of Earth System
Governance, and (3) a manifestation of legal pluralism (multiple set of rule on the same subject being
applicable to the same jurisdiction). The multi-level approach focuses on the global, regional, transboundary,
and national levels and the relationship between them since both groundwater resources and groundwater
governance principles operate across these levels. Taking into consideration the post-2015 development
agenda, sustainable and inclusive development is positioned as the key norm for this research with
sustainable development being framed as the political, environmental, social, and economic aspects of
development and inclusive development placing a focus on the poor, marginalized, and the environment.
This links directly to the concept of Earth System Governance, which uses institutional approaches (among
others) to analyze problems related to a normative “architecture,” namely the underlying beliefs and values
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upon which governance frameworks are constructed and the components (i.e. principles) that are used to
construct this architecture. Legal pluralism then helps to assess the different ways in which these frameworks
include these components/principles and determine the potential impact on the overall architecture. A
literature review was used to design a conceptual framework based on the work of the International Human
Dimensions Programme on Global Environmental Change’s project on Institutional Dimensions of Global
Environmental Change (IDGEC 2002). The conceptual framework includes six parts: (1) institutions (i.e. set
of rules, decisions-making procedures), and programs (e.g. projects or civil society initiatives), (2)
instruments (e.g. specific laws, policies, projects and the principles therein), (3) actors (e.g. countries and
stakeholders), (4) drivers of groundwater problems, (5) institutional performance (e.g. legal pluralism), and
(6) institutional redesign. In order to apply the conceptual framework, a database of all governance
documents (i.e. laws, policies and/or programs) available in English, Spanish, French and Arabic from the
global, regional, transboundary, and national levels was constructed. A literature review and content analysis
identified the relevant groundwater governance principles. Descriptive statistics and spatial mapping by
means of a geographical information system (GIS) identified statistical, geographic, and temporal patterns in
how these norms were included in the frameworks at these levels. Patterns and the existence of legal
pluralism was also analyzed in the case study of the Stampriet Transboundary Aquifer System, shared by
Botswana, Namibia and South Africa. It also grounded the institutional analysis by articulating how
groundwater governance occurs in practice. The analysis unfolds in eight core chapters of the research.
Chapter 3 addresses primarily the natural sciences components of groundwater governance. It begins by
discussing the drivers of groundwater problems at each geographic level. Next, it shows that the analysis of
storage, flow, pressure and quality characteristics of groundwater can provide insights into how selecting the
spatial units (i.e. aquifer, groundwater body, groundwater flow system) can impact the design of groundwater
governance frameworks. Further, the provisioning, cultural, regulating and supporting ecosystems services of
groundwater stocks and flows are assessed as a means of enhancing understanding of groundwater
sustainability challenges. Provisioning and cultural services are currently the focus of groundwater
governance regimes. Additionally, the regulating and supporting services of groundwater are foundational to
the survival of many ecosystems. However, they are not well-understood scientifically, nor are they receiving
significant attention in the governance discourse. Given this research’s objective to understand groundwater
resources and governance in the context of sustainable and inclusive development, maintaining or enhancing
ecosystems services of groundwater is critical. In order to do that, we must understand drivers and their
consequences on the physical dynamics of groundwater. Governance must address these drivers at the
appropriate geographic level or must be consistent across levels. But, the groundwater governance
frameworks often function at a different spatial level than groundwater, for example, at the river basin level
rather than the aquifer level. So, selection of groundwater units and understanding of the advantages and
limitations of selecting such units must also be considered in the design of groundwater governance
frameworks as it determines the relevant actors, ecosystems services, and drivers of groundwater problems.
Chapter 4 focuses on groundwater governance principles, their origins, status and their relationships to each
other. Governance principles (‘an abstract rule applicable to particular concrete instances’; Alpa 1994: 1)
include principles, rights, rules, measures, and procedures. Principles can be implemented by both state and
non-state actors. A review of literature, laws and policy documents indicates that there are 35 principles of
groundwater governance. These principles have emerged from several areas of international environmental
and water law/policy, indicating that they may vary in the degree to which they deal with groundwaterspecific issues and contemporary challenges facing sustainable and inclusive development. Given these
different origins and the differing extents to which they are agreed upon, they can result in tradeoffs – already
indicating the potential for pluralism. Key examples include limited sovereignty versus equitable and
reasonable use and water as an economic good versus the human right to water and sanitation. The analysis
showed that the principles vary in their status and the extent to which they are specifically targeted at
groundwater; the principles have differing origins and the distributions of the principles may have
consequences for achieving sustainable and inclusive development; and that there are ongoing debates
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regarding principles that potentially conflict or undermine each other, without clear guidance to actors
regarding how to reconcile them.
Chapter 5 analyzes the groundwater governance instruments at the global level, including legally binding
international water laws, political declarations, as well as scholarly texts. It shows that groundwater
governance at the global level has evolved mostly from environmental and water law. Consequently, these
governance instruments’ scopes have primarily defined groundwater in relation to surface water although
more recent instruments move toward defining groundwater on an ‘aquifer basis.’ There are also differences
in how environmental and water law handle drivers. Environmental law directly addresses global drivers
(although not so much demographic drivers outside of the Sustainable Development Goals) but only
indirectly address groundwater. Water law and groundwater specific laws directly address groundwater
(although not always fully) but indirectly address global drivers at best (i.e. through the equitable allocation
in accordance with socio-economic and climatic factors). Legal pluralism analysis shows that very few
principles are agreed upon across relevant laws. For example, groundwater specific-principles are neglected,
possibly because of their emerging status. There are potential conflicts regarding sovereignty and water as an
economic good. Furthermore, the principles do not address the role of water ownership and the neo-liberal
system in causing water related problems. Also, there is variation in the legitimacy of instruments.
Sustainable development may be hampered because of the lack of socio-economic principles and the lack of
attention to climate change and demographic factors. The implicit acceptance of property rights to water,
economic growth and trade might further impair inclusive development by ignoring how these might affect
the implementation of social principles (e.g. the human right to water and sanitation) and exacerbate conflicts
regarding social and political issues (e.g. how to address property rights and sovereignty). Groundwater
governance at the global level is hindered by the: (1) lack of agreement on definitions of groundwater; (2)
drivers that existing principles do not address; (3) inconsistent inclusions of principles to the neglect of
groundwater-specific problems; (4) lack of attention to economic and neo-liberal context and controversy
regarding social and political principles; and (5) lack of an implementing body that can support states in
relation to groundwater governance and provide guidance in implementing potentially conflicting principles.
Chapter 6 assesses groundwater governance frameworks at the regional and transboundary levels. Of the 592
transboundary aquifers of the world and numerous geo-political sub regions, only 20 transboundary aquifers
and three regions have groundwater-related governance frameworks. Groundwater governance at the
transboundary level originated in river basin management with inclusion of groundwater in transboundary
treaties. More recently, groundwater has entered into water and environmental agreements. Groundwater
governance at this level is not typically streamlined into a single instrument, but is rather an agglomeration of
multiple instruments that govern various environmental and water resources. However, there is a recent
increase in groundwater specific agreements due to the involvement of international organizations.
Most regional and transboundary frameworks are not targeted at groundwater, but tend to be focused on
specific resource types or problems, only including groundwater tangentially. Recently adopted
transboundary aquifer agreements have pushed groundwater-specific principles forward in prominence, but
the focus remains on political principles. Environmental and economic principles are common while social
principles are least used. Further, most instruments at this level are focused on management agreements as
opposed to broader governance issues. In general, the instruments are not high in principled content.
Groundwater governance at the regional-transboundary level is mainly focused on drivers related to
environmental degradation or political dynamics between states. There is not so much attention to social or
economic roles despite the increased influence of regional economic organizations and demographic shifts.
Again, there is little attention to climate change or other natural drivers. With regard to legal pluralism, most
regional-transboundary frameworks are composed of a complex network of groundwater-related laws,
policies, projects and/or civil society initiatives, which vary in terms of codification, legitimacy, and legality.
Consequently, the scopes of the instruments vary greatly with many different types of resource (e.g. surface
water, the environment generally) being linked to groundwater. Nevertheless, a majority of the transboundary
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aquifers and regions have at least one instrument with an established process for implementation, particularly
those with river or lake basin committees. However, the efficacy or level of activity related to groundwater is
variable.
Key regional drivers such as political relations and the asymmetrical access to groundwater resources are
dealt with as a result of the focus on political relations as opposed to resource sustainability and social equity.
This includes data and information sharing. Nevertheless, the lack of groundwater governance frameworks
generally as well as the neglect of social and economic issues in existing frameworks could negatively impact
the allocation of groundwater resources and potentially lead to conflict. Further, the complexity in the
number of instruments present in these frameworks may reduce the effectivity of the institutional framework
resulting in indifference or stagnation. Lack of groundwater data exacerbates this problem, as was seen in the
cases of several aquifers discussed. As such, there are clear challenges to groundwater governance and
sustainable and inclusive development, which introduce potential for non-sustainable and non-inclusive use.
In Chapter 7, 130 national groundwater governance frameworks are analyzed. The evolution of national
(ground)water governance began in several ancient societies which developed water codes. But most modern
codification occurred in the last 200 years and a vast majority of water laws that include groundwater were
developed after 1992.
Countries vary greatly with respect to the balance of principles across the dimensions of sustainable and
inclusive development, but the patterns are generally clearer at national than at other levels. Most countries
focus on environmental principles but few take on groundwater-specific issues. Yet, there is noticeably more
attention to the political and social issues. Economic principles focus on cost recovery of services.
Nevertheless, the tension between the human right to water and sanitation, prioritization of human uses, and
water as an economic good (including cost recovery) are also become apparent. Water ownership is,
however, scarcely ever tackled in water governance principles.
Legal pluralism takes on a slightly different form at this level. Groundwater is governed under nearly ten
different types of laws, even including constitutions. The scopes also vary with numerous countries still
separating groundwater from surface water, on the one hand, or encompassing it within the environment, on
the other. As a result, it is not always clear if or how the boundary of groundwater resources will be drawn
differently from river basins and what that means for groundwater management. More than half of the laws
indicate that (ground)water is under the ownership of the state. In the other cases, however, there is very little
clarity regarding the relationship between rights, allocation and land tenure. Further, most laws are designed
to be implemented by a water and/or natural resources ministry. But few laws recognize the systemic nature
of (ground)water resources and its multiple uses. As a result, closely-related competencies, such as
agriculture, forestry, land use and planning may not have clear mandates to coordinate activities.
In general, the contribution of national-level activities to global drivers are not addressed within the national
frameworks. Issues of land use and land management are ignored. Ownership of groundwater and access to
groundwater via land rights are not always clearly addressed in groundwater law. Urbanization and
agricultural intensification are not dealt with or linked to. The consequences of population growth and
migration are assumed to be marginal but can have localized consequences and there are no explicit links to
land use and planning in this regard.
Overall, national laws still require bolstering to become consistent with sustainable and inclusive
development. Most countries are not including all relevant principles, especially groundwater-specific ones.
Also, the principles do not have strong links to drivers even when they are well-integrated (e.g. social and
economic). Having different types of laws, even within one country is not inherently problematic. However,
the additional capacity required for implementation, enforcement and coordination could be stifling. Further,
without proper articulation of ownership and rights, sustainable groundwater governance will be undermined
from the outset.
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Chapter 8 assesses the groundwater governance framework in the Stampriet transboundary aquifer. The
evolution of groundwater governance here was heavily affected by the colonial era and its system of land and
water rights. After apartheid, South Africa and Namibia developed highly progressive water laws. But
Botswana’s laws are over 50 years old, although its policies continue to develop to keep up with advances in
the field. Because laws are more recent, they integrate several of the emerging groundwater governance
principles such as integrated water resources management (IWRM) (that includes groundwater), human
rights to water and sanitation, etc. They also include all groundwater resources although Botswana might
invoke mining law beyond a certain depth below the ground. Yet, key drivers for this region are not directly
addressed by the laws and policies. Given the climate and hydrogeology of the Stampriet, certain types of
principles are needed or should be focused on (e.g. protecting recharge and discharge zones, invasive species,
land use planning, licensing).
Since delineation of the aquifer is recent, the governance instruments are not tailored to it. The aquifer falls
under the Orange-Senqu River Basin Organization, but since there is almost no flowing water in the
Stampriet area and little technical capacity for groundwater there is little activity addressing the state of the
aquifer. Further, disaggregation of competencies that relate to water also cause pluralism. The principle types
included in the Stampriet governance framework is relatively balanced. However, gaps in principles to
address the drivers will be detrimental to sustainable and inclusive development. Further, the gaps in the
development of Botswanan law could be an impediment if they pursue further abstraction. It is unclear how
asymmetrical power dynamics might affect institutional development.
The recent development of the laws in South Africa and Namibia as well as the elaborations of related
policies makes the Stampriet governance framework appear strong overall. However, there is a separation
between the principles, drivers, and hydrogeological realities; disaggregation of competencies; and
differences in the extent to which certain norms from the global community have been integrated or their
participate in instruments at other governance levels. Consequently, sustainable and inclusive development
may be challenging to achieve.
Chapter 9 discusses the evolution of groundwater governance across geographic levels; the state of
groundwater governance across geographic levels; links the drivers to the instruments across levels; and
presents inferences regarding the potential for sustainable and inclusive development. This integrated
analysis shows that there were four phases of groundwater governance: the first phase (pre-1960), primarily
focused on increasing individual and small-scale abstractions contributing to a ‘pumping race’; the
second phase (1960 – 1992), which witnessed large scale abstractions and early attempts to curb
depletion; the third phase (1993 - 2003) when groundwater began to be included in global and
transboundary water governance frameworks designed for surface water; and the fourth phase, wherein
there is a slow realization that specific and concerted attention needs to be given to groundwater
governance institutions. The phases are linked to shifts in discourses at the global and transboundary level.
Now, the phase is shifting towards sustainable development.
There is a large variance in the types of groundwater resources governed, but increasingly the geographic
level lowers and moves towards the river basin and aquifer scale. A key exception is the European Union
where they govern according to the scale of groundwater bodies. However, there is still variance in terms of
the degree to which hydrogeology is taken into account in the scopes of the instruments. Most groundwater
governance principles were included in more than 50% of the groundwater governance instruments. It is clear
that political and social principles and groundwater-specific environmental principles are the least used
overall. This indicates a general lack of consensus surrounding the principles.
There are clear mismatches between drivers and levels wherein focal principles tend to reinforce already
solid foundation rather than strengthen emerging issues. Also, intersectionality is a challenge with explicit
links to drivers rarely included (e.g. climate, trade, land use planning including agriculture and urban areas).
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The current architecture for groundwater governance has some clear points of intersectionality with
sustainable and inclusive development: (1) with respect to valuing ecosystems services and (re)focusing on
natural systems dynamics rather than human boundaries; (2) by incorporating core principles of sustainable
development (albeit to different degrees); and (3) by laying the foundation for cooperative relations between
states and stakeholders regarding groundwater. However, the framework presents disconnects to sustainable
and inclusive development in terms of: (1) establishing consensus regarding how hydrogeology should be
incorporated into the scopes of the instruments; (2) not using groundwater-specific, social and economic
principles or addressing the key drivers; (3) and not dealing with issues of groundwater ownership and
relationships between groundwater and land use and other subsurface uses. This indicates that there is still
substantial effort required to make groundwater governance supportive of sustainable and inclusive
development.
Chapter 10 presents considerations for redesign of the normative framework for groundwater governance.
First, a normative framework for groundwater governance can best contribute to sustainable and inclusive
development when built on a solid foundation. Such a foundation requires examining the design of
institutions, addressing groundwater problems at compatible scales; ensuring that the scope fits with the
hydrogeological nature of the resources (i.e. flow, storage, pressure and quality); and providing operational
linkages to other related instruments. In the face of a lack of data (e.g. inability to tailor instruments to
physical attributes of groundwater resources), groundwater much be governed for uncertainty and inter/intrageneration equity. Further, its requires clearly addressing the issue of groundwater ownership and the impact
that various ownership regimes may have on sustainability. Second, the drivers of groundwater governance
need to be directly addressed through the selection of existing principles and the creation of new principles,
as necessary. Third, legal pluralism and multilevel governance can be used to increase coherence with regard
to the inclusion of principles in frameworks across geographic levels while also allowing the flexibility
necessary for context-specificity. Fourth, linkages to other, related resource governance regimes (e.g. land
and climate governance) need to be established to quickly bolster attention for effective groundwater
governance. And fifith, groundwater governance needs to be re-focused towards sustainable and inclusive
development, including the SDG process, in order to improve the performance of groundwater governance
institutions.
This research presented a big-picture analysis of the state of groundwater governance. It took a rigorous
approach to integrating hydrogeological knowledge into current understandings of groundwater governance.
It builds upon existing research on specific groundwater governance frameworks by identifying patterns
across these frameworks and highlighting key areas of incoherence and contradictions within and across
geographic levels. It went beyond existing research, using a combination of quantitative and qualitative
methods, by positioning sustainable and inclusive development as the guiding norm in order to draw
conclusions about how existing groundwater governance frameworks may be improved. While such a bigpicture analysis is prone to obscuring the details and nuance of specific instances of groundwater governance,
the case study of the Stampriet Transboundary Aquifer System enabled me to re-capture some of these
elements. The methods may be improved upon in future research by collaboration and using multiple
researchers to validate the findings of the content analysis; using official translations of legal documents; and
engagement with local experts in order to ground-truth various aspects of the governance frameworks
analyzed.
Based upon the analysis and conclusions, several key areas of further research were identified including:
linking groundwater governance to global approaches for land, biodiversity and climate governance;
analyzing the role of uncertainty in groundwater governance; systematically selecting and analyzing
geographically-specific case studies that can be linked together for generalizable findings; completing and
contextualizing legal analysis and legal field work in groundwater governance; applying legal pluralism and
analytical analysis to groundwater governance; exploring the role of politics of groundwater science in our
current understandings of groundwater governance; assessing how de facto globalization and economic
markets can be countered in day-to-day groundwater governance frameworks, included in the role of
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ecosystems services valuation; and critically assessing the role of groundwater rights and ownership in
(ground)water and land governance frameworks, especially in the context of land grabbing.
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Samenvatting
Het overgrote deel van de mondiaal beschikbare zoetwatervoorraad bestaat uit grondwater. Overal ter
wereld nemen schaarste in en uitputting van grondwatervoorraden toe als gevolg van toenemende
grondwateronttrekkingen. Daarnaast verandert door mondiale verschijnselen zoals klimaatsverandering
en mondialisering, de dynamiek in de beschikbaarheid en exploitatie van grondwater. Als zodanig zijn
er drie belangrijke grondwaterproblemen. Het eerste probleem zijn grondwateronttrekkingen. Het
betreft overexploitatie in sommige gebieden, wat kan leiden tot verlies van ecosysteemdiensten,
permanente uitputting van grondwatervoorraden. Anderzijds is er onderbenutting in andere gebieden,
waar de kwaliteit van leven verbeterd zou kunnen worden door toegang tot grondwater. Het tweede
probleem is grondwaterkwaliteit. Grondwater kan door natuurlijke geologische processen of door
menselijke activiteiten worden vervuild. En het derde probleem is de uitdaging van 'glocalization',
waarbij lokale grondwatervoorraden enerzijds beïnvloed worden door mondiale processen (bijvoorbeeld
vermindering van het herstel van grondwaterniveaus als gevolg van klimaatverandering) en lokale
grondwaterproblemen anderzijds ook van invloed zijn op mondiale systemen (bijvoorbeeld het
overmatig gebruik van grondwater dat bijdraagt aan zeespiegelstijging). Omdat deze uitdagingen
verband houden met zowel de bescherming als het gebruik van grondwatervoorraden, brengen zij
problemen op het gebied van duurzaamheid en gelijkheid met zich mee.
Wetenschappers zijn het erover eens dat grondwaterbeheer nodig is om uitdagingen die voortkomen uit
grondwateronttrekking, kwaliteitsvermindering en het steeds mondialere karakter van grondwater aan te
kunnen gaan. Toch zijn er vier belangrijke leemten in wetenschappelijke kennis over het beheer van het
grondwater. Ten eerste is de literatuur over hydrogeologie slecht geïntegreerd in literatuur over
grondwaterbeheer. Ten tweede wordt in grondwateronderzoek geen gebruik gemaakt van algemeen
leidende normen (zoals equity- of bronbehoud), en ook wordt bij het analyseren van het stelsel van
beheer geen meerlaags-perspectief toegepast. Ten derde wordt in de literatuur niet het volledige
spectrum van grondwaterbeheerprincipes in relatie tot de oorzaken van grondwaterproblemen
besproken. Ten vierde richt de grondwaterliteratuur zich weliswaar wel op milieu-, sociale,
economische en politieke kwesties, maar gebeurt dat noch vanuit een duurzaamheidsbenadering die
deze vier elementen integreert, noch vanuit een inclusieve ontwikkelingsbenadering die zich richt op
milieu- en sociale gevolgen voor de armsten en gemarginaliseerden en op de politiek die hieraan ten
grondslag ligt.
Dit onderzoek beantwoordt de volgende vraag: wat zijn de tekortkomingen van het huidige normatieve
kader voor duurzaam en inclusief grondwaterbeheer, en wat zijn, op verschillende geografische
schaalniveaus, de belangrijkste elementen van een normatief kader dat in overeenstemming is met
duurzame en inclusieve ontwikkeling? De volgende sub-vragen worden beantwoord: (1) Hoe hebben
kaders voor grondwaterbeheer zich ontwikkeld, op meerdere geografische niveaus -van mondiaal naar
lokaal-? (2) Hoe wordt in beheerskaders rekening gehouden met hydrogeologie, ecosysteemdiensten en
de oorzaken van grondwaterproblemen? (3) Welke principes van grondwaterbeheer zijn geïntegreerd in
deze beheerskaders op verschillende geografische niveaus? (4) Hoe manifesteert juridische pluralisme
zich binnen en tussen verschillende geografische niveaus? En (5) hoe kunnen huidige vormen van
normatieve beheerstelsels op meerdere geografische schaalniveaus, in overeenstemming gebracht
worden met duurzame en inclusieve ontwikkeling?

Hoofdstuk 2 gaat uitgebreid in op de theoretische pijlers van het onderzoek, combineert deze in een
conceptueel kader; en beschrijft de methoden die gekozen zijn om het conceptueel kader te
operationaliseren en analyse mogelijk te maken. Het onderzoek gebuikt een meerlaags en institutionele
benadering en beschouwt grondwaterbeheer als (1) een essentieel onderdeel van duurzame en
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inclusieve ontwikkeling; (2) een vorm van Earth System Governance; en (3) een resultaat van juridisch
pluralisme (dat wil zeggen dat meerdere pakketten van regels op hetzelfde onderwerp binnen dezelfde
jurisdictie van toepassing zijn).
Aangezien zowel grondwatervoorraden als grondwaterbeheer-principes op verschillende schaalniveaus
opereren, gebruikt het onderzoek een meerlaagse benadering en betrekt mondiale, regionale,
grensoverschrijdende en nationale niveaus alsook de relaties daartussen. Gerelateerd aan de post2015
ontwikkelingsagenda zijn duurzame en inclusieve ontwikkeling gekozen als centrale uitgangspunten.
Duurzame ontwikkeling wordt gedefinieerd als de politieke, milieu, sociale en economische dimensies
van ontwikkeling en inclusieve ontwikkeling benadrukt de armen, gemarginaliseerden en het milieu.
Op deze manier is er een rechtstreekse verbinding gemaakt met het begrip Earth System Governance,
dat (onder meer) institutionele benaderingen gebruikt om problemen in een ‘normatief stelsel’, en de
principes die hieraan ten grondslag liggen, te analyseren. Een normatief stelsel refereert aan de
onderliggende overtuigingen en waarden waarop beheerkaders worden geconstrueerd. Juridisch
pluralism helpt om verschillende normatieve stelsels te analyseren.
Naar aanleiding van een literatuuronderzoek is een conceptueel raamwerk opgesteld, gebaseerd op het
werk van het programma International Human Dimensions on Global Environmental Change's project
Institutional Dimensions of Global Environmental Change (IDGEC 2002). Dit conceptueel kader heeft
zes componenten: (1) instituties (een pakket regels, besluitvormingsprocedures) en programma's (zoals
projecten of initiatieven van het maatschappelijk middenveld), (2) instrumenten (bijvoorbeeld specifieke
wetten, beleid, projecten en de daarbij behorende principes); (3) actoren (bijvoorbeeld landen en
belanghebbenden); (4) oorzaken van grondwaterproblemen; (5) institutionele uitvoering (bijvoorbeeld
juridisch pluralisme); en (6) institutioneel herontwerp. Om het conceptueel kader te kunnen uitwerken
is een database gemaakt met daarin alle beschikbare Engels-, Spaans-, Frans- en Arabischtalige
documenten op het gebied van beheer (dat wil zeggen wetten, beleid en/of programma's) op mondiaal,
regionaal, grensoverschrijdend en nationaal niveau. Uit de literatuurstudie en een inhoudsanalyse
werden relevante grondwaterbeheer principes geïdentificeerd. Op basis van beschrijvende statistiek en
ruimtelijk analyses (middels geografisch informatiesysteem (GIS)) zijn statistische, ruimtelijke en
temporale patronen geïdentificeerd in de manier waarop principes in beheerkaders op al deze niveaus
werden geïntegreerd. In de casus van Het Stampriet Transboundary Aquifer Systeem, welke gedeeld
wordt door Botswana, Namibië en Zuid-Afrika, werden deze patronen en ook juridisch pluralisme nader
bekeken. Door te laten zien hoe grondwaterbeheer in de praktijk plaatsvindt, versterkte deze casus ook
de institutionele analyse. De beschreven analyse wordt besproken in acht kernhoofdstukken.

In hoofdstuk 3 komen voornamelijk de natuurwetenschappelijke aspecten van grondwaterbeheer naar
voren. Het hoofdstuk begint met een bespreking, op alle geografische niveaus, van de oorzaken van
grondwaterproblemen. Vervolgens laat het zien dat een analyse van berging-, stroming-, druk- en
kwaliteitskenmerken van grondwater inzicht kan geven in hoe de keuze voor ruimtelijke eenheden (dat
wil zeggen aquifers, grondwaterlichaam, grondwaterstromingssysteem) het ontwerp van een
grondwaterbeheerkader beïnvloedt. Om het begrip van de duurzaamheidsproblemen van grondwater te
vergroten, zijn vervolgens voorzienende, culturele, regulerende en ondersteunende ecosysteemdiensten
op het gebied van grondwatervoorraden en -stromen bestudeerd. De basis van grondwaterbeheerregimes
bestaat momenteel uit voorzienende- en culturele ecosysteemdiensten. Daarnaast zijn regulerende en
ondersteunende diensten van grondwater essentieel voor het voorbestaan van veel ecosystemen. Echter,
hierover bestaat weinig wetenschappelijk kennis en deze worden ook genegeerd in het debat over
beheer. Gezien het doel van dit onderzoek om grondwatervoorraden en –beheer te bestuderen in het
kader van duurzame en inclusieve ontwikkeling, is het handhaven of verbeteren van ecosysteemdiensten
rondom grondwater essentieel. Om dit te kunnen doen, moeten we oorzaken van verandering en
gevolgen voor de fysieke dynamiek van grondwater begrijpen. Grondwaterbeheer zou deze oorzaken op
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het juiste niveau moeten kunnen aanpakken of consistent moeten zijn over verschillende niveaus. Echter
zijn grondwaterbeheerkaders vaak operationeel op een ander ruimtelijk niveau dan het grondwater zelf,
bijvoorbeeld op stroomgebiedsniveau in plaats van op aquifer-niveau. Omdat een gekozen eenheid
bepaalt wat de relevante actoren, ecosysteemdiensten en veroorzakers van grondwaterproblemen zijn,
zou bij de ontwikkeling van grondwaterbeheerkaders de keuze voor een eenheid, en de voordelen en
nadelen daarvan, in overweging genomen moeten worden.
Hoofdstuk 4 richt zich op de oorsprong, status en relaties tussen principes van grondwaterbeheer.
Beheerprincipes ('een abstracte regel die van toepassing is op specifieke concrete gevallen'; Alpa 1994:
1) omvatten principes, rechten, regels, maatregelen en procedures. Principes kunnen worden
geïmplementeerd door zowel gouvernementele als niet-gouvernementele actoren. Uit een analyse van
literatuur, wetten en beleidsdocumenten kwamen 35 principes van grondwaterbeheer naar voren.
Aangezien deze principes zijn voortgekomen uit verschillende gebieden van internationale milieu- en
waterwetgeving / beleid, variëren ze mogelijk in de mate waarin ze omgaan met grondwater-specifieke
problemen en hedendaagse uitdagingen met betrekking tot duurzame en inclusieve ontwikkeling.
Gezien de uiteenlopende herkomst van principes en gezien de diversiteit in de mate waarin er
overeenstemming over principes bestaat, kunnen er trade-offs gemaakt worden, hetgeen het potentieel
voor pluralisme aanduidt. Belangrijke voorbeelden zijn beperkte soevereiniteit tegenover billijk en
redelijk gebruik, en water als een economisch goed tegenover het mensenrecht op water en sanitaire
voorzieningen. Uit de analyse blijkt ook dat principes verschillen in status en in de mate waarin ze
specifiek op grondwater gericht zijn; dat principes van verschillende herkomst kunnen zijn en de
distributie van principes gevolgen kan hebben voor het realiseren van duurzame en inclusieve
ontwikkeling; En dat er voortdurend debatten zijn over principes die mogelijk met elkaar in strijd zijn of
elkaar ondermijnen, zonder duidelijke richtlijnen voor actoren om deze met elkaar te in
overeenstemming te brengen.

Hoofdstuk 5 analyseert grondwaterbeheerinstrumenten op mondiaal niveau, waaronder juridisch
bindende internationale waterwetgeving, politieke declaraties en wetenschappelijke teksten. Hieruit
blijkt dat grondwaterbeheer op mondiaal niveau meestal voortkomt uit milieu- en waterwetgeving.
Hierdoor is grondwater in beheerinstrumenten op dit niveau in hoofdzaak gedefinieerd in relatie tot
oppervlaktewater, hoewel meer recente instrumenten bewegen richting definiëring van grondwater op
'aquifer schaal'. Er zijn ook verschillen in hoe milieu- en waterwetgeving omgaan met de oorzaken van
grondwaterproblemen. Milieurecht richt zich direct op mondiale oorzaken (echter niet zozeer op
demografische oorzaken buiten de Duurzame Ontwikkelingsdoelstellingen) maar alleen indirect op
grondwater. Water- en grondwater-specifieke wetgeving richten zich expliciet op grondwater (hoewel
niet altijd volledig), maar niet of nauwelijks op mondiale mondiale oorzaken van grondwaterproblemen
(bijvoorbeeld eerlijke verdeling die in overeenstemming is met sociaal-economische en klimatologische
factoren). Een analyse van juridisch pluralisme laat zien dat er maar weinig principes zijn waar
overeenkomst over bestaat tussen verschillende relevante wetten. Zo worden grondwater-specifieke
principes verwaarloosd, mogelijk doordat dit nieuwe principes zijn. Tussen soevereiniteit en water als
een economisch goed bestaan potentiele conflicten. Voorts richten de principes zich niet op de rol van
eigendom van water en het neoliberale systeem als oorzaken van watergerelateerde problemen. Er
bestaat ook variatie in de legitimiteit van instrumenten.
Duurzame ontwikkeling kan worden belemmerd door een gebrek aan sociaal-economische principes en
aan aandacht voor klimaatverandering en demografische factoren. Inclusieve ontwikkeling kan verder
belemmerd worden door de impliciete acceptatie van eigendomsrechten op water, economische groei en
handel, en te negeren hoe deze de realisatie van sociale beginselen kan beïnvloeden (bijvoorbeeld het
mensenrecht op water en sanitaire voorzieningen) en conflicten op het gebied van sociale en politieke
problemen kan vergroten (bijvoorbeeld hoe om te gaan met eigendomsrechten en soevereiniteit).
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Grondwaterbeheer op mondiaal niveau wordt belemmerd door: (1) gebrek aan overeenstemming over
definities van grondwater; (2) het bestaan van factoren die niet geadresseerd worden door bestaande
principes; (3) inconsistentie in het opnemen van principes met betrekking tot het verwaarlozen van
grondwaterspecifieke problemen; (4) gebrek aan aandacht voor economische en neoliberale context en
tegenstellingen met betrekking tot sociale en politieke principes; En (5) het ontbreken van een
uitvoeringsorgaan dat staten kan ondersteunen bij grondwaterbeheer en kan begeleiden bij het
implementeren van potentieel tegenstrijdige principes.

Hoofdstuk 6 gaat over grondwaterbeheerkaders op het regionale en grensoverschrijdende niveau. Slecht
20 van de 592 grensoverschrijdende aquifers ter wereld en drie van de talrijke geografische subregio’s
kennen beheerkaders op het gebied van grondwater. Grondwaterbeheer op transnationaal niveau
ontstond door het integreren van grondwater in grensoverschrijdende verdragen rondom
stroomgebiedbeheer. Meer recentelijk heeft grondwater zijn intrede gedaan in water- en
milieuovereenkomsten. Op dit niveau is grondwaterbeheer meestal niet geïntegreerd in een enkel
instrument, maar is er eerder sprake van een agglomeratie van meerdere instrumenten die deel uitmaken
van het beheer van milieu- en waterbronnen. Echter, door betrokkenheid van internationale organisaties
zien we recentelijk een stijging van grondwaterspecifieke bepalingen.
De meeste regionale en grensoverschrijdende kaders zijn niet gericht op grondwater maar focussen op
specifieke hulpbronnen of problemen, met, in de marges, inbegrip van grondwater. Hoewel in recent
aangenomen grensoverschrijdende aquiferverdragen grondwaterspecifieke principes naar de voorgrond
geduwd worden, blijft de nadruk op politieke principes liggen. Milieu- en economische principes zijn
ook gebruikelijk, terwijl sociale principes het minst gebruikt worden. Verder zijn de meeste
instrumenten op dit niveau gericht op managementovereenkomsten in tegenstelling tot bredere beheeren bestuursproblemen. In het algemeen kennen de instrumenten geen hoge principiële inhoud.
Grondwaterbeheer op regionaal grensoverschrijdend niveau is voornamelijk gericht op factoren die
verband houden met milieudegradatie of met de politieke dynamiek tussen staten. Ondanks
demografische verschuivingen en de toenemende invloed van regionale economische organisaties, is er
niet zo veel aandacht voor sociale of economische rollen. Wederom is er weinig aandacht voor
klimaatverandering of andere natuurlijke factoren. Wat betreft juridisch pluralisme, zijn de meeste
regionale grensoverschrijdende kaders samengesteld uit een complex netwerk van grondwatergerelateerde wetten, beleidsmaatregelen, projecten en/of initiatieven van het maatschappelijk
middenveld, die variëren voor wat betreft codificatie, legitimiteit en legaliteit. Hierdoor variëren de
reikwijdtes van instrumenten sterk, omdat veel verschillende soorten hulpbronnen (indirect) verband
houden met grondwater. Niettemin heeft de meerderheid van de grensoverschrijdende aquifers en
regio's, met name die met stroomgebied comités, ten minste één instrument met een vaststaand proces
van uitvoering. Echter, variëren de werkzaamheid en het niveau van activiteit op het gebied van
grondwater.
De belangrijkste regionale factoren zoals politieke relaties en asymmetrische toegang tot
grondwatervoorraden worden vanuit het perspectief van politieke betrekkingen geadresseerd, in
tegenstelling tot dat van duurzaamheid en sociale rechtvaardigheid. Dit betreft ook het delen van
gegevens en informatie. Niettemin kan het ontbreken van grondwaterbeheerkaders in het algemeen en
het verwaarlozen van sociale en economische problemen in bestaande raamwerken, de allocatie van
grondwater negatief beïnvloeden en mogelijk tot conflict leiden. Verder kan de complexiteit van het
aantal instrumenten in deze raamwerken de effectiviteit van het institutionele kader verminderen, wat
kan leiden tot onverschilligheid of stagnatie. Zoals is gebleken uit meerdere besproken aquifer-casussen,
kan een gebrek aan data over grondwater dit probleem verergeren. Concluderend, er zijn duidelijke
uitdagingen voor het grondwaterbeheer en duurzame en inclusieve ontwikkeling.

xvi

SAMENVATTING

In hoofdstuk 7 worden 130 nationale grondwaterbeheerkaders geanalyseerd. De ontwikkeling van
nationaal (grond)waterbestuur begon in verschillende klassieke samenlevingen die water gedragscodes
ontwikkelden. Echter, de meeste moderne codificatie vond plaats in de afgelopen 200 jaar, en een groot
deel van de waterwetgeving die grondwater bevat, is na 1992 ontwikkeld.
Alhoewel er grote variatie bestaat tussen landen voor wat betreft het evenwicht tussen principes op
verschillende dimensies van duurzame en inclusieve ontwikkeling, zijn patronen op nationaal niveau
veel duidelijker dan op andere niveaus. De meeste landen richten zich op milieuprincipes, maar slechts
enkele nemen ook grondwaterspecifieke problemen op. Er is opmerkelijk meer aandacht voor politieke
en sociale problemen. Economische principes richten zich op kostendekking van diensten. Niettemin
blijken er ook spanningen tussen het mensenrecht op water en sanitatie, de prioritisering van menselijk
gebruik van water en water als economisch goed (met inbegrip van kostendekking). Waterbezit is echter
nauwelijks een onderwerp in waterbeheer-principes.
Juridisch pluralisme neemt op dit niveau een iets andere vorm in. Grondwater wordt geregeld onder
bijna tien verschillende soorten wetten, zelfs in grondwetten. Met aan de ene kant talrijke landen die
grondwater nog steeds scheiden van oppervlaktewater en andere kant landen die het invoegen in milieu
en omgeving, variëren de reikwijdtes. Als gevolg daarvan is het niet altijd duidelijk of en hoe grenzen
van grondwatervoorraden anders zijn dan die van stroomgebieden en wat dat voor grondwaterbeheer
betekent. Onder meer dan de helft van de wetten is (grond)water eigendom van de staat. In de overige
gevallen bestaat echter weinig duidelijkheid over de relatie tussen rechten, allocatie en landbezit. Verder
zijn de meeste wetten ontworpen om door een ministerie van water- en / of natuurlijke hulpbronnen te
worden uitgevoerd. Echter, maar weinig wetten herkennen de systemische aard van
(grond)waterbronnen en de veelvoudige toepassingen ervan. Hierdoor hebben nauw-verwante
aandachtsgebieden, zoals landbouw, bosbouw, landgebruik en planning, geen duidelijke mandaten om
activiteiten te coördineren.
Over het algemeen wordt binnen deze nationale kaders de bijdrage die activiteiten op nationaal niveau
leveren aan factoren op mondiaal niveau niet aangepakt. Problemen met landgebruik en landbeheer
worden genegeerd. In grondwaterwetten worden eigendom van grondwater en toegang tot
grondwatermiddels grondrechten niet altijd goed geregeld. Er worden geen verbindingen gemaakt met
verstedelijking en intensivering van landbouw. Ook al worden de gevolgen van bevolkingsgroei en
migratie als marginaal verondersteld, ze kunnen lokale gevolgen hebben, maar in verband hiermee
worden geen expliciet koppelingen met landgebruik en planning gemaakt.
Over het geheel genomen moeten nationale wetten nog steeds versterkt worden om consistent te zijn
met duurzame en inclusieve ontwikkeling. De meeste landen nemen niet alle relevante principes in
wetgeving op, met name geen grondwater-specifieke. Ook zijn de principes niet duidelijk gekoppeld aan
factoren, zelfs niet als ze goed verankerd zijn in wetgeving (zoals sociale en economische principes).
Dat er verschillende soorten wetten bestaan, zelfs binnen een land, is niet per se problematisch. Echter,
de extra inzet die nodig is voor implementatie, handhaving en coördinatie kan wel verhinderend werken,
en zonder behoorlijke articulatie van eigendom en rechten, wordt duurzaam grondwaterbeheer van meet
af aan ondermijnd.

Hoofdstuk 8 stelt het grondwaterbeheerkader van de grensoverschrijdende Stampriet- aquifer centraal.
Het koloniale tijdperk en bijbehorende systeem van land- en waterrechten hebben de ontwikkeling van
grondwaterbeheer hier sterk beïnvloed. Na de afschaffing van Apartheid hebben Zuid-Afrika en
Namibië zeer progressieve waterwetten ontwikkeld. Hoewel beleid zich verder ontwikkelt om bij te
blijven bij innovaties in het veld, zijn de wetten van Botswana echter ruim 50 jaar oud. Omdat de wetten
relatief nieuw zijn, zijn een aantal recent opgekomen principes van grondwaterbeheer zoals geïntegreerd
waterbeheer (IWRM, waar grondwater deel van uitmaakt), mensenrechten op het gebied van water en
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sanitatie, enzovoorts hierin opgenomen. Ze omvatten ook alle grondwatervoorraden, hoewel mijnbouw
in Botswana, ertoe kan leiden dat beneden bepaalde dieptes gemijnd zal worden.
Echter, in deze wetten en beleid worden de belangrijkste factoren voor de regio niet rechtstreeks
aangepakt. Gegeven het klimaat en de hydrogeologie van de Stampriet zijn bepaalde soorten principes
nodig of zou aan bepaalde principes aandacht moeten worden besteed (bijvoorbeeld bescherming van
aanvulling en afvoer van het grondwater, uitheemse soorten, ruimtelijke ordening, vergunningverlening).
Omdat de afbakening van de aquifer recentelijk gemaakt is, zijn bestuursinstrumenten niet precies
passend. De aquifer valt onder de Oranje-Senqu Rivier Basin Organisatie, maar omdat er nagenoeg geen
oppervlaktewater in het Stampriet gebied is en weinig technische capaciteit op het terrein van
grondwater, is er weinig gaande op het gebied van de toestand van de aquifer. Tevens leidt
decentralisatie van deelgebieden rondom water ook tot pluralisme. De principes die in het Stampriet
beheerkader zijn opgenomen, zijn relatief evenwichtig. Echter hebben gebreken in principes om
oorzaken aan te pakken negatieve gevolgen voor duurzame en inclusieve ontwikkeling. Ook kunnen
gaten in de ontwikkeling van de Botswaanse wet een belemmering zijn als zij verdere wateronttrekking
nastreven. Hoe onevenwichtigheden in machtsverhoudingen institutionele ontwikkeling kan
beïnvloeden is niet duidelijk.
Door de recente ontwikkeling van de wetten in Zuid-Afrika en Namibië, en de uitwerking van daaraan
gerelateerd beleid, komt het Stamprietbeheerskader als sterk over. Er is echter sprake van scheidslijnen
tussen principes, oorzaken en hydrogeologische realiteiten; van disaggregatie van deelgebieden; en van
verschillen in de mate waarin bepaalde mondiaal gedragen uitgangspunten zichtbaar zijn of deel uit
maken van instrumenten op andere niveaus van bestuur en beheer. Als gevolg hiervan is het realiseren
van duurzame en inclusieve ontwikkeling een uitdaging.

Hoofdstuk 9 bespreekt de evolutie en status van grondwaterbeheer op verschillende geografische
schaalniveaus, verbindt oorzaken met instrumenten op verschillende niveaus, en presenteert de
implicaties hiervan voor de mogelijkheid om duurzame en inclusieve ontwikkeling te realiseren. Uit
deze geïntegreerde analyse blijken vier fasen in de ontwikkeling van grondwaterbeheer geduid te
kunnen worden: de eerste fase (vóór 1960) is vooral gericht op het vergroten van individuele en
kleinschalige onttrekking van grondwater, het geen resulteerde in een 'onttrekkingswedloop'; De tweede
fase (1960 - 1992), gekenmerkt door grootschalige grondwateronttrekkingen en eerste pogingen om
uitputting van bronnen tegen te gaan; De derde fase (1993-2003) waarin grondwater begon te worden
opgenomen in mondiale en grensoverschrijdende waterbeheerkaders op het gebied van
oppervlaktewater; En de vierde fase, waarin langzaam het besef groeit dat specifieke en geïntegreerde
aandacht nodig is voor instituties op het gebied van grondwaterbeheer. De fasen houden verband met
verschuivingen in mondiale en grensoverschrijdende debatten. Er is nu een verschuiving richting
duurzame ontwikkeling.
Er bestaat grote variatie in typen grondwatervoorraden die onderdeel zijn van beheer maar er is een
verschuiving zichtbaar naar lagere geografische schaalniveaus en richting het niveau van
stroomgebieden en aquifers. Een belangrijke uitzondering is de Europese Unie waar beheer plaats vindt
op het niveau van grondwaterlichamen. Er bestaat echter nog steeds variatie in de mate waarin
hydrogeologie van invloed is op de reikwijdte van de instrumenten. De meeste principes van
grondwaterbeheer zijn opgenomen in meer dan 50% van de grondwaterbeheersinstrumenten. Duidelijk
is dat politieke en sociale principes en grondwater-specifieke milieuprincipes het minst gebruikt
worden. Dit wijst op een algemeen gebrek aan consensus rondom principes.

Er zijn duidelijke mismatches tussen oorzaken/factoren en schaalniveaus, waardoor kernprincipes de
neiging hebben al stevige aspecten nog verder te versterken in plaats van opkomende problemen aan te
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gaan. Ook intersectionaliteit is een uitdaging; expliciete koppelingen tussen oorzaken worden zelden
gemaakt (bijvoorbeeld tussen klimaat, handel, ruimtelijke ordening inclusief landbouw, en stedelijke
gebieden).
Het huidige stelsel voor grondwaterbeheer heeft een aantal duidelijke intersectionele verbindingen met
duurzame en inclusieve ontwikkeling: (1) met betrekking tot het waarderen van ecosysteemservices en
de (hernieuwde) focus op de natuurlijke dynamiek van een systeem in plaats van menselijke grenzen;
(2) door het opnemen (zij het in verschillende mate) van kernbeginselen van duurzame ontwikkeling;
En (3) door de basis te leggen voor coöperatieve relaties met betrekking tot grondwater tussen
overheden en stakeholders. Het stelsel laat echter ook een aantal ontbrekende schakels zien met
duurzame en inclusieve ontwikkeling: (1) gebrek aan consensus over hoe hydrogeologie in de reikwijdte
van instrumenten moet worden opgenomen; (2) het niet gebruiken van grondwaterspecifieke, sociale en
economische principes of het niet aanpakken van kernoorzaken; (3) niet adresseren van problemen met
grondwaterbezit en met relaties tussen grondwater- en landgebruik en andere niet-oppervlakte
toepassingen. Hieruit volgt dat er nog steeds aanzienlijke inspanningen nodig zijn om grondwaterbeheer
en bestuur ondersteunend aan duurzame en inclusieve ontwikkeling te maken.

Hoofdstuk 10 presenteert een aantal overwegingen voor een herdefinitie van het normatieve stelsel
waarop grondwaterbeheer gestoeld is. Ten eerste kan een normatief kader voor grondwaterbeheer het
best bijdragen aan duurzame en inclusieve ontwikkeling, wanneer het een solide basis kent. Een
dergelijk fundament vereist een analyse van de structuur van instituties; het aanpakken van
grondwaterproblemen op een passend schaalniveau; ervoor zorgen dat de reikwijdte past bij de
hydrogeologische aard van de voorraad (dat wil zeggen stroming, berging, druk en kwaliteit); en het
maken van operationele verbindingen met andere gerelateerde instrumenten. Tegen de achtergrond van
het gebrek aan data (waardoor het bijvoorbeeld onmogelijk is instrumenten precies passend te maken
aan fysieke eigenschappen van grondwatervoorraden), moet grondwater beheerd worden met een
uitgangspunt van onzekerheid en inter/intragenerationele billijkheid. Ook is het nodig om de kwestie
grondwaterbezit en de impact die diverse eigendomsregimes op duurzaamheid hebben, duidelijk aan te
pakken. Ten tweede moeten de veranderingsmechanismen van grondwaterbeheer rechtstreeks onder
handen genomen worden door een selectie van bestaande principes te maken en waar nodig, nieuwe te
ontwikkelen. Ten derde kunnen meerlaags bestuur en beheer en wettelijk pluralisme zinvol zijn om
coherentie in de opname van principes in beheerkaders op verschillende geografische schaalniveaus te
vergroten, en tegelijkertijd de noodzakelijke flexibiliteit om context-specifiek te zijn te behouden. Ten
vierde is het om snel de aandacht voor effectief beheer van grondwater te versterken, belangrijk dat er
een verbinding wordt gemaakt met beheersregimes voor andere, gerelateerde natuurlijke hulpbronnen
(bijvoorbeeld land- en klimaatbeheer). En in de vijfde plaats om de prestaties van
grondwaterbeheerinstellingen te verbeteren, de aandacht in grondwaterbeheer worden verlegd naar
duurzame en inclusieve ontwikkeling, met inbegrip van het SDG-proces (post-2105
ontwikkelingsagenda).
Dit onderzoek gaf een grootbeeldanalyse van de toestand van grondwaterbeheer. Op systematische
wijze is hydrogeologische kennis ingevoegd in hedendaags begrip van grondwaterbeheer en –bestuur.
Het bouwt voort op bestaand onderzoek naar specifieke grondwaterbeheerkaders door patronen in deze
stelsels te identificeren en belangrijke gebieden van incoherentie en tegenstrijdigheden binnen en tussen
geografische niveaus te benadrukken. Het bracht deze bestaande onderzoeken verder door gebruik te
maken van een combinatie van kwantitatieve en kwalitatieve methoden, en door duurzame en inclusieve
ontwikkeling als de leidende norm te gebruiken om conclusies te trekken over de wijze waarop
bestaande grondwaterbeheerkaders verbeterd kunnen worden. Terwijl een dergelijke grootbeeldanalyse
geneigd is om de details en nuance van specifieke gevallen van grondwaterbeheer over het hoofd te
zien, heeft de casus van het Stampriet Transboundary Aquifer System mij in staat gesteld om sommige
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van deze elementen wel in beeld te brengen. Toekomstig onderzoek kan methodologische versterkt
worden door samenwerking van meerdere onderzoekers om resultaten van de inhoudsanalyse te
valideren; Het gebruik van officiële vertalingen van juridische documenten; En het betrekken van lokale
deskundigen om aspecten van de geanalyseerde beheerkaders te verhelderen.
De analyse en conclusies leidden tot de identificatie van enkele belangrijke gebieden van verder
onderzoek, waaronder: Het verbinden van grondwaterbeheer aan mondiale benaderingen voor land-,
biodiversiteit en klimaatbeheer; Een analyse van de rol van onzekerheden in grondwaterbeheer;
Systematische selectie en analyse van geografisch specifieke casussen die met elkaar verbonden
generaliseerbare bevindingen kunnen opleveren; Het completeren en contextualiseren van juridische
analyse van en juridisch veldwerk naar grondwaterbeheer; Het toepassen van juridisch pluralisme en
analyse op grondwaterbeheer; Een verkenning naar de rol van de politiek van grondwaterwetenschap in
ons hedendaags begrip van grondwaterbeheer; Bepalen hoe in dagelijkse grondwaterbeheerkaders de
facto mondialisering en economische markten kunnen worden tegengegaan, waaronder in de waardering
van ecosystemen diensten; Een kritische analyse van de rol van grondwaterrechten en -eigendom in
(grond)water- en landbeheerkaders, met name in het kader van landroof.
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Chapter 1. Introduction
1.1

INTRODUCTION
“Water, water, everywhere nor any drop to drink”
– excerpt from The Rime of the Ancient Mariner by Samuel Taylor Coleridge

These words from the Rime of the Ancient Mariner were originally written to describe a man stranded on a
ship, thirsty and surrounded by a tauntingly salty sea. But removed from their context, these words could be
just as easily be applicable on dry land, for groundwater is almost everywhere, beneath our feet, and most
often invisible to the eye.
This thesis analyzes how the current structure of normative groundwater governance laws and policies worldwide addresses today’s groundwater problems and can contribute to sustainable and inclusive development.
Groundwater resources constitute 97% of the world’s liquid freshwater resources and are pervasive,
underlying every country. Nevertheless, a startling paradox exists. On the one hand, there is a “groundwater
crisis” (Famiglietti 2014) or a “silent revolution” (M. R. Llamas and Martínez-Santos 2005) where
groundwater is being depleted in localized areas around the globe, jeopardizing livelihoods, ecosystems and
economic development. For example, large and mega-cities are increasingly facing groundwater
sustainability challenges (Howard 2015). On the other, there are many geographic areas where groundwater
remains un- or under-utilized even though there are 783 million people who lack access to potable water
(UN-Water 2013). There are also areas with potential for increased agricultural or industrial productivity if
groundwater were used sustainably. In Africa, Latin America and Asia, increasing access to groundwater has
been a major catalyst of economic growth and development (Wijnen et al. 2012). In light of the Sustainable
Development Goals (UNGA 2015), addressing the challenges of over- and under-utilization of groundwater
resources is of paramount importance for the global community.
This chapter articulates the groundwater resource problems (see 1.2), the state of the art of groundwater
governance as well as the gaps in knowledge therein (see 1.3), the research questions as well as clarifies the
focus and limits of the research (see 1.4), and outlines the structure of the thesis (see 1.5).

1.2

PROBLEMS FACING GROUNDWATER RESOURCES1

This section presents the key challenges concerning groundwater resources, namely groundwater abstraction,
quality degradation, and the increasingly global nature of the resource. While I present these challenges
individually here, in reality they are complex and linked. The complexities and linkages are further discussed
in Chapter 3.

1.2.1

Groundwater Abstraction and Depletion

Annually, humans abstract 200 times more groundwater than oil. Groundwater abstraction is not problematic
per sé; however, groundwater abstraction in excess of natural replenishment (or recharge) results in resource
depletion. Depletion is a major challenge that can permanently shift the dynamics of groundwater resources
and groundwater availability. There are two distinct situations in which depletion occurs. The first is when
there are renewable groundwater resources available, yet abstraction occurs in excess of the volume of
recharge. The second is where there is no recharge (on a human timescale) and thus any abstraction results in
depletion.

1

This section draws heavily on Conti and Gupta (2015).
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Empirical data about groundwater abstraction and/or human uses is not available world-wide, necessitating
that models estimate these values. Although models face several limitations2, they currently provide the
closest approximations of the current state of groundwater abstraction and depletion due to human uses.
Since 1960, groundwater abstraction has increased by approximately 235% (312 ± 37 to 734 ± 82 km per
annum see Wada et al. 2010). Various models have estimated annual groundwater withdrawals ranging
between 545 km3 per annum for agriculture (Siebert and Burke 2010) and 1100 km3 globally (Döll 2009).
However, Döll et al. (2012) provide an estimate of 250 km3 net withdrawals, stating that a significant portion
of surface and groundwater return flows recharges aquifers. These net withdrawals are related but not
equivalent to depletion. Depletion is the medium- or long-term reduction in available groundwater.
According to Wada et al. (2010), approximately 283 (±40) km3 of groundwater was depleted world-wide in
2000 – equivalent to nearly 40% of the total volume abstracted that year. Approximately 31 km3 of depleted
groundwater has been mined from non-recharging aquifers (Margat and van der Gun 2013).
There is a dearth of empirical data on transboundary groundwater resources, which again comes mostly from
model-derived estimations. Nevertheless, there are several regional trends emerging from the analysis of
surface water and groundwater consumption from 1979 to 2010 (Wada et al. 2013). In Europe, approximately
30% of all water consumption is groundwater and this has between steady over time. In North and Central
America groundwater is 60-70% of all consumptive water use, representing a 40% increase over the last 30
years. In West Asia, groundwater constitutes over 70% of water withdrawals, having tripled in the last 30
years and now accounts for 96% of groundwater mining, because of a lack of renewable groundwater
resources.
Eight percent of known transboundary aquifers (TBAs) are experiencing reduced volumes of natural
groundwater discharge and or groundwater depletion/mining due to human uses (Wada and Heinrich 2013).
For example, irrigation schemes within TBAs crossing the US-Mexican and Indian-Pakistani borders have
increased pressure on the underlying aquifers (see Map 1.1). In transboundary aquifers not yet experiencing
depletion, population growth and increases in food demand exacerbate the pressure put on these resources. In
many West Asian and North African TBAs, often the depletion depicted in Map 1.1 is due to lack of
recharge. Thus, governance implications in arid groundwater-dependent countries are slightly different than
in others (see 3.6). Map 1.1 also shows relatively low depletion in Southern Africa. However, this may or
may not reflect the actual situation due to models’ limitations, as discussed above.
At the national level, groundwater data from in-situ monitoring or geophysical measurements are more
readily available and frequently assessed, sometimes with national or sub-national scale models. Map 1.2
shows the areas experiencing groundwater depletion and highlights key cases: (1) where populations are
highly dependent on groundwater for drinking water supply and/or food production; (2) where there is a
dependency on non-recharging groundwater resources, and/or (3) where a country is experiencing rapid
economic growth. It also indicates that most groundwater depletion is occurring in a few ‘hot spots’ shown
by the red areas in Map 1.2.

1.2.2

Groundwater Quality Degradation

Generally, groundwater is of high-quality and does not require intense treatment before use. For example, in
Canada, approximately 30% of groundwater only requires disinfection before being used for potable supply
and another 17% requires no treatment at all (Statistics Canada 2011). In Denmark, groundwater only
receives mild oxygenation treatment before use (Hasler et al. 2005). In contrast, there are some locations -

2

Models are based on different assumptions and use varying parameters. They also use proxy data and
incomplete data sets (United Nations Environment Programme and Global Environmental Alert Service 2012).
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Map 1.1 Groundwater Depletion and Population Density in Transboundary Aquifers
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Map 1.2 Groundwater Depletion and Population Density in Countries
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where the geological and climatic conditions result in the presence of geogenic contamination (sometimes all
referred to as ‘naturally-occurring’ contamination). Some of these compounds are hazardous to human health
(i.e. arsenic, fluoride, and salts). They vary in concentration as a result of human activities e.g. over
abstraction or natural influences such as the depth and chemical properties of the groundwater including
acidity and temperature (Feenstra et al. 2007). Consequently, intensive treatment is required to remove the
compounds prior to human consumption.
The occurrence of arsenic in groundwater is well-known and researched, as are the associated repercussions
for health. Arsenic is carcinogenic and long-term exposure through food and/or drinking water can result in
skin lesions, developmental defects, heart disease and neurotoxicity (World Health Organization 2012).
Countries with high risk of geogenic arsenic pollution include Bangladesh, China and Thailand (Map 1.5).
In high concentrations, fluoride ingestion can also result in negative health impacts. The most common of
these is skeletal and dental fluorosis, which hardens bones, ligaments and cartilage and also discolors tooth
enamel. Hot spots for fluoridated groundwater include the Horn of Africa, the Andes, and many archipelagos.
Algeria, China, Eritrea, Ethiopia, Kenya, Mali, and Sudan all have a high probability of fluoride occurrence
(Feenstra et al. 2007).
The effects of saline water on human health are not well known. However, irrigating crops with saline
groundwater has detrimental effects on yields. Over-abstraction, irrigation, waste and wastewater disposal,
coastal protection and land reclamation can lead to increases in groundwater salinity. Numerous coastal areas
across the globe have saline groundwater as a result of salt water intrusion caused by sea-level rise associated
with climate change and/or over-abstraction of the groundwater resource. There are also many deep saline
aquifers that were formed when ocean water was trapped under sediments during geological processes.
Documentation of anthropogenic groundwater pollution began over 40 years ago in developed countries and
about 25 years ago in less-developed countries. It shows that the amount of polluted groundwater and the
number of pollutants therein is generally increasing although the potential health effects are poorlyunderstood. Anthropogenic contamination can enter groundwater via point sources, line sources, and diffuse
pollution. The most easily observed and frequently scrutinized are point sources, such as industrial sites.
However, line sources like roadways and pipelines as well as diffuse sources like agriculture have also
significantly contributed to contamination. Some studies have also investigated specific types of
contamination like emerging organic contaminants (EOCs) originating from human and veterinary
medicines, food additives, industrial compounds, caffeine, nicotine, and synthetic hormones (Lapworth et al.
2012). However, there are no global assessments of anthropogenic groundwater pollution to date.
Although groundwater quality is influenced by processes occurring at multiple geographical levels, it is
difficult to simulate groundwater quality globally. This is because the actual occurrence of groundwater
pollution is often localized, wherein specific portions of aquifers are contaminated while others are not.
Therefore, many efforts to map quality in regions rather than specific aquifers use risk rather than empirically
measured quality. Additionally, groundwater quality mapping is typically limited to the top most
groundwater formation and presents quality data in absolute terms. Thus, these global quality maps do not
necessarily indicate how the current quality of the resource differs from the natural composition of the
groundwater. This is likely because baseline water quality data are not available at the global level due to the
absence of a global groundwater monitoring system. Developing such a global network faces significant
challenges because many countries, both developed and developing, lack financial and/or technical capacity
(Foster, Hirata, et al. 2013).
Known occurrences of regional level contamination are typically geogenic rather than anthropogenic in
origin. Nevertheless, arid regions with shallow groundwater tables are vulnerable to contamination from
concentrated wastewater discharges that are not diluted by surface waters. At the transboundary level, there
are several aquifers with geogenic (natural) and/or anthropogenic groundwater quality problems (see Map 1.3
and Map 1.4). Examples of transboundary aquifers which suffer from anthropogenic pollution include the
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Abbotsford-Sumas aquifer, which has been severely contaminated by nitrate pollution from agriculture
(Norman and Melious 2004); the Dinaric Karst Transboundary Aquifer System, which faces quality issues
related to discharge of untreated wastewater (Governments of Albania, Bosnia & Herzegovina, Croatia, and
Montenegro 2011); and the Ramotswa Aquifer, which has been polluted as a result of various anthropogenic
activities (British Geologic Survey and Wellfield Consulting Services 2011).
At the national level, mobilization of natural contaminants is also a pervasive issue that limits countries’
ability to take advantage of their groundwater supply. As information on Fluoride and Arsenic contamination
is best-documented, the countries dealing with these natural contaminants are shown in Map 1.5 further
below. Salinity contamination (and other natural contaminants) is also shown in Map 1.5. The map indicates
that most countries have one or more types of natural groundwater contamination in some (but not
necessarily all) of their groundwater resources. A mixture of coastal and inland countries also face salinity
problems (e.g. Brazil and Botswana). Further, several countries (e.g. India and China) are at risk of all three
types of contamination. However, they do not necessarily occur concurrently in the same geographic area.
There are also numerous countries with numerous reported instances of anthropogenic contamination
(International Groundwater Resources Assessment Centre 2015). Map 1.6 shows the presence of
anthropogenic pollution by country and Table 1.1 lists the countries facing the most severe anthropogenic
contamination challenges in groundwater.
Table 1.1 Countries with severe anthropogenic contamination in groundwater
COUNTRIES WITH MANY REPORTED INCIDENCES OF GROUNDWATER
POLLUTION
Brazil
Ethiopia
Haiti
Kazakhstan
Luxembourg
Mexico
Nicaragua
Slovenia
Syria
United States
Uzbekistan
Note: Reproduced with the permission of IGRAC.
Source: IGRAC (2015).

1.2.3

‘Glocalization’

‘Glocal’ refers to the connection between problems that are simultaneously global and local (Gupta et al.
2013). Thus, glocalization refers to the processes by which groundwater problems are becoming glocal.
Climate change and trade are the primary contributors to glocalization.
Climate change is both global and local because it can cause global phenomena that compound the effects of
local anthropogenic activities on groundwater resources and, at the same time, local groundwater use can
enhance the global effects of climate change. The link between groundwater and climate change is explicitly
acknowledged in the fifth Intergovernmental Panel on Climate Change (IPCC) report (Jiménez Cisneros et al.
2014). With respect to the global phenomenon having local effects, modeling scenarios have clearly linked
ocean/atmospheric circulation with groundwater levels and recharge (Green et al. 2011; Kløve et al. 2014).
Although groundwater is considered a natural buffer against climate variability, there are predicted
fluctuations in recharge and flow, correlated with changes in precipitation as well as timing and volume of
snow melt (Green et al. 2011; Kløve et al. 2014). Humans will experience shifts in groundwater availability
with respect to time and volume potentially requiring changes to agricultural practices and necessitating
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Map 1.4 Presence of Anthropogenic Pollution in Transboundary Aquifers
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Map 1.5 Presence of Geogenic Pollution in Countries
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Map 1.6 Presence of Anthropogenic Pollution by Country
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conservation or water storage. Projections for high and low emission scenarios show that climate change will
result in a loss of fresh groundwater in all regions other than North Africa (Priyantha Ranjan et al. 2006).
In terms of local activities exacerbating the effects of climate change, groundwater pumping and its
subsequent overland discharge has contributed to a 12.6 mm sea-level rise between 1900 and 2008 (Konikow
2011) with 0.57 mm (±0.9 mm) per annum contribution from groundwater discharge as of 2000 (Wada et al.
2012). Groundwater discharge is also expected to make significant contributions to sea-level rise in the next
45 years. Although groundwater extraction contributes to sea-level rise (see 3.5.2), the integrity of
groundwater resources can also be threatened by it, due to increases in salt water intrusion, resulting in a
positive feedback loop that negatively effects groundwater quality. However, other local activities such as
managed aquifer recharge (MAR), carbon sequestration, and use of geothermal energy resources can reduce
climate change effects. Under certain circumstance MAR would enhance groundwater recharge and
potentially alleviate the need to pump groundwater from high depths or to transfer surface water over long
distances, both of which are energy intensive activities. Deep saline aquifers are also being used in certain
locations to reduce atmospheric concentration of Carbon Dioxide (CO2). And where available, geothermal
energy (e.g. energy derived from thermal groundwater) could be an alternative to carbon-based forms of
energy.
Consumptive uses of groundwater play a critical role in economic activities around the globe, in particular
energy and food production. These activities not only have the potential to affect the quality and quantity of
available groundwater resources, but also give groundwater a central role within global, regional and national
economic systems. Research on ‘virtual water’ (i.e. the concept that water is traded as part of agricultural and
industrial products) has shown that water is increasingly becoming a global resource through processes of
globalization (Dalin et al. 2012; Hoekstra and Hung 2002; Vörösmarty et al. 2015). Yet, to date, virtual water
studies do not explicitly articulate the role of groundwater, although it is marginally included in the Lenzen et
al. (2013) analysis of international trade of scarce water resources.

1.3

GAPS IN GROUNDWATER GOVERNANCE KNOWLEDGE: A SYSTEMATIC
LITERATURE REVIEWThis section discusses the definitions of groundwater governance in

existing literature. Then, I discuss the existing hydrogeology and groundwater governance literature. Based
on this literature, I articulate four knowledge gaps: (1) hydrogeology literature is poorly integrated into
groundwater governance literature; (2) groundwater governance literature does not take into account the
multilevel perspective; (3) groundwater governance literature does not discuss the full range of groundwater
governance principles nor does it discuss the principles in relation to the drivers of groundwater problems;
(4) groundwater governance literature focuses on the political, environmental, social, economics and
dimensions individually, but not through a sustainability approach (i.e. addressing the four dimensions
simultaneously) or an inclusive approach (i.e. prioritizing the poor and focusing on the social, environmental
and redistributive dimensions).

1.3.1

Emerging Definitions of Groundwater Governance

Before defining groundwater governance, I explain how this research understands the term ‘governance.’
Governance definitions relate to one or more of three broad characteristics: the relationships/processes of
governance (e.g. interactive or participatory governance); the elements/actors in governance (e.g. adaptive or
corporate governance); or the location/subject of governance (e.g. climate or meta- governance). One key
commonality in the definitions is the juxtaposition of government and governance. Whereas government is
state-centered, hierarchical and reliant upon a top-down power structure, governance includes multiple
pathways and actors functioning across hierarchical levels and space, thus having a ‘flattening’ effect on the
structure (Bevir 2011; Chandhoke 2003). I use the governance concept because it puts law and policies
derived from governments into their broader socio-economic context and it captures instances of
coordination that occur with relatively little or no influence of the government. With this understanding, this
section discusses emerging definitions of groundwater governance.
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The concept of groundwater governance is still being defined and refined. Initially, ‘water governance’ was
considered to include and be equally applicable to groundwater (Varady et al. 2012), also within expositions
of the Integrated Water Resources Management (IWRM) discourse (Agarwal et al. 2000). However, by the
early 2000’s, it became clear that neither the water governance nor IWRM discourses were taking
groundwater-specific problems into account analytically or empirically. At this time, groundwater
governance began to develop firmer conceptual boundaries. Four broad tenets for groundwater governance
(i.e. transparency, participation, information, and the custom and rule of law) were posed, but no explicit
definition was given (Saunier and Meganck 2012: 159). Notably, these tenants are very close to those
discussed in the normative discourse on “good” water governance (Rogers and Hall 2013). Shortly thereafter,
groundwater specific governance literature began to emerge, mostly focusing on difficulties with governing
over-exploitation and pollution in specific contexts (Braune and Xu 2009; Foster and Ait-Kadi 2012;
Giordano and Shah 2014; Wester et al. 2009; Wiek and Larson 2012).
Currently, social science, legal and hydrogeology literature offer related but different articulations of
groundwater governance. In hydrogeology literature, groundwater governance is described as a societal
phenomenon rather than as an analytical concept. One example states that groundwater governance is
“focused on the exercise of appropriate authority and promotion of responsible collective action to ensure
sustainable and efficient utilization of groundwater resources for the benefit of humankind and dependent
ecosystems” (Foster, Garduño, Tuinhof, & Tovey, 2009:1). A later “working definition” from social
scientists defines groundwater governance as “the process by which groundwater is managed through the
application of responsibility, participation, information availability, transparency, custom, and rule of law. It
is the art of coordinating administrative actions and decision making between and among different
jurisdictional levels–one of which may be global” (Varady et al., 2013:7). Further development of this
working definition says that groundwater governance is “the overarching framework of groundwater use
laws, regulations, and customs, as well as the processes of engaging the public sector, the private sector, and
civil society” that “shapes how groundwater resources are managed and how aquifers are used” (Megdal,
Gerlak, Varady, & Huang, 2015:678). This most recent definition will be used in this research as it
emphasizes governance as a framework, while still including the process and multi-stakeholder dimensions
that are critical components to the governance concept. Yet the normative aspects (Sauneir and Meganck
2007), the focus on benefits to humankind and ecosystems (Foster, Garduño, Tuinhof, & Tovey, 2009:1), as
well as the multilevel aspects (Varady et al. 2013) included in previous definitions are also integral to this
analysis.
Despite the progressive developments of the groundwater governance definition, the broader water
governance and environmental governance literature engages with groundwater governance issues implicitly
rather than explicitly. Generally, groundwater is implicitly viewed as an extension of surface water and it is
assumed that governance frameworks for surface water can and should equally apply to it (see 3.6). The lack
of consideration for groundwater is readily apparent, when examining the literature focused on frameworks
for water governance.

1.3.2

State and Foci of Groundwater Governance

Groundwater governance is still in its infancy, both theoretically and empirically. The ungoverned
overexploitation of groundwater resources, particularly with reference to Spain, has been called a ‘silent
revolution’ (M. R. Llamas and Martínez-Santos 2005). Groundwater governance in South Asia is considered
a “colossal anarchy” (Mukherji and Shah 2005: 336), but the South Asian situation has also been considered
representative of the global state of groundwater governance (Giordano 2009). But even in “anarchy,” it is
likely that some type of governance is at work (Nuijten 2004).
There are few laws and policies relevant to groundwater resources and only a small subset of those deal with
groundwater holistically as opposed to targeting a specific problem (e.g. quality) or use (e.g. drinking water).
At the global level, there are two water conventions in force, which include groundwater resources in their
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scope and one groundwater-specific text that is drafted, but has yet to be adopted by UN member states (see
5.2). At the regional and transboundary levels, there are four regional agreements and 22 transboundary water
resources (aquifers, lakes, rivers) with governance frameworks (see 6.2) that have a bearing on groundwater
resources. Of the 193 UN member states, 140 have national-level laws applicable to groundwater resources
(see 7.2). The total number of local groundwater governance frameworks has not been ascertained, although
they are likely the most prolific. This is in sharp contrast to surface water governance where not only were
the two aforementioned global agreements designed primarily to deal with the surface water, but there are
also more than 3,600 transboundary legal agreements dealing with surface water-related issues
(approximately 15% of which focused on non-navigational uses of rivers Oregon State University 2015) and
nearly all countries with some form of surface water law. This shows that from an empirical perspective,
groundwater is often overlooked in broader water governance frameworks and that there are few groundwater
governance frameworks beyond the local level (Linton and Brooks 2011). Further, it implies that the
development of norms and legal principles specific to groundwater are only in the beginning stages and may
not yet be validated with research regarding the consequences of their implementation.
Literature assessing these groundwater governance frameworks has developed different foci at each
geographic level: global, regional-transboundary, national and local. At the global level, literature has
focused on legal analysis of the principles included in the 1992 UN Watercourses Convention and the
International Law Commission’s Draft Articles on the Law of Transboundary Aquifers, particularly those
relating to sovereignty and ‘equitable and reasonable use’ (i.e. allocation of (ground)water resources between
states). As such, the key norms put forth in this literature are equity and cooperation. Further, this literature
indicates that global-level agreements applicable to transboundary aquifers do not have a unified approach to
limiting national sovereignty over groundwater resources (Conti and Gupta 2014; Dellapenna 2011; Eckstein
and Hardberger 2008; Linton and Brooks 2011; McCaffrey 2009, 2011; Mechlem 2011; Yamada 2011). It
also shows that equity (or the perception) of equity is an important factor in preventing transboundary water
conflict, but is difficult to operationalize in terms of legal principles and their implementation (de Stefano et
al. 2010; Lautze and Giordano 2006; McIntyre 2013). Nevertheless, there are numerous principles included
in these two agreements and other agreements relevant to groundwater that have hardly received attention in
the literature. A detailed discussion of governance principles for global groundwater governance is provided
in Chapter 4.
At the regional-transboundary level, most groundwater governance frameworks are not holistic in scope,
sometimes indicate equity and cooperation as the desired norms, and remain either un-ratified or are not
legally binding upon the parties (Eckstein and Sindico 2014; Mechlem 2011). Legal literature centers around
five transboundary aquifers with binding legal agreements. However, legal scholars tend to neglect the
transboundary groundwater resources with informal or uncodified practices that may also constitute
groundwater governance. Based on the growing literature on transboundary water interactions (Mirumachi
and Allan 2007; Zeitoun et al. 2010; Zeitoun and Mirumachi 2008), a focus on interactions between relevant
actors rather than a specific type of outcome (e.g. legal agreement) can broaden the spectrum of available
examples of transboundary groundwater governance (Conti 2014).
At the national level, lawyers have proposed design frameworks for national (ground)water laws, which
include specific principles necessary for groundwater governance (Caponera 2007; Tarlock 1985). They have
also addressed different types of groundwater rights and allocation regimes and their impact on resource
sustainability (Chandrakanth and Romm 1990; Emel 1987). Anthropologists have investigated customary
water law (namely, non-codified water governance practices at the community level) and how these local
frameworks interact with codified national frameworks (Boelens 2009), but investigations specific to
groundwater are limited (e.g. Prakash and Ballabh 2005). Scholars in political economy and public policy
have assessed how stakeholder-selected policy principles can impact resource governance in the context of
common-pool resources management (Blomquist and Ostrom 1985; Ostrom 1990) and how non-groundwater
policies (e.g. agricultural energy subsidies) can impact local groundwater management (Mukherji and Shah
2005).
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Global water governance has been characterized as a “mobius-web” system that is multilevel and influenced
by “formal and informal processes” (Pahl-Wostl et al. 2008). Consequently, broader water governance
literature uses multilevel analysis (Gupta and Pahl-Wostl 2013; Moss and Newig 2010; Newig and Fritsch
2009); however, it includes groundwater cursorily rather than analytically so the differences between
groundwater resources/problems and surface water resources/problems are not thoroughly considered.
Groundwater governance literature has scarcely addressed the multilevel aspects and only selectively
discusses the relationships between principles across geographic levels, although it has been done for
ecosystems services and adaptive management within water governance (Knüppe and Pahl-Wostl 2013).
Legal analysis has been performed on a subset of the available groundwater governance frameworks and only
on a few principles. However, the level of coherence among the principles used within and across these
existing frameworks has not been addressed. In a few specific case studies, the influence of frameworks at
other levels is analytically integrated but inclusion of groundwater is limited (e.g. Finger et al. 2006; Norman
and Bakker 2009).

1.3.3

Relationship between Hydrogeology and Groundwater Governance Research

Both hydrogeology and groundwater governance literature are developing rapidly. However, these
developments are largely disconnected from each other. The maxim “You can’t manage what you don’t
measure” is commonly linked with groundwater governance problems; the presupposition being that to
govern a natural resource sustainably and inclusively it is imperative that the resource itself is adequately
characterized in terms of its physical properties and dynamics. Hydrogeologists have analyzed the structure,
function, and vulnerabilities of groundwater resources (e.g. Domenico and Schwartz 1998; Fitts 2002;
Margat and van der Gun 2013), with a particular concern for preventing degradation of the resources
themselves and related ecosystems. Various technical approaches for depletion prevention have been
analyzed and utilized for the last 40 years (Kalf and Woolley 2005; Sophocleous 2000; Zhou 2009). The
primary objective of these approaches is to ensure that long-term abstraction volumes do not exceed longterm replenishment and that abstractions do not change the physical properties of the geological formation
storing the groundwater. There is also increasing knowledge about how groundwater resources and related
ecosystems respond to pollution and depletion (see Chapter 3). Within the last decade, literature also
indicates that hydrogeologists are moving towards using “groundwater sustainability” (Gleeson,
VanderSteen, et al. 2010), as opposed to previous concepts such as “safe yield” (i.e. not pumping more than
is recharged, see Zhou 2009), as the guiding principle for groundwater development.
These hydrogeological analyses are typically conducted at the resource scale; are designed to improve dayto-day groundwater management; and rely on proxies, rather than empirical data. It is also worth noting that
much of the data presented here regarding groundwater problems are derived from models that are to a
limited extent calibrated with empirical data. This highlights an issue underlying the groundwater resource
problem, which is a lack of data at different scales and levels to fully and accurately assess the nature of the
problem. This challenge will be a recurring point of reflection in this research. Despite a lack of empirical
data, hydrogeologists have also proposed benchmarking sustainability strategies (Foster and Garduño 2012;
Gleeson et al. 2012; Gleeson, VanderSteen, et al. 2010) and issue linkages (van der Gun et al. 2016) for
enhancing groundwater governance. Common pool resources and political economy centered approaches to
governance have also been recommended (Foster, Chilton, et al. 2013; Foster and Garduño 2012). Outside of
academia, the World Bank GW-MATE Programme, the International Association of Hydrogeologists, the
UNESCO International Hydrological Programme (UNESCO-IHP), and the International Groundwater
Resources Assessment Centre (IGRAC) have made efforts to bring hydrogeologists’ knowledge into
governance and policy making through various grey literature publications including ‘strategic overviews’,
briefing notes, case studies, and position papers.
Similarly, groundwater governance literature has not given detailed attention to the hydrogeological
characteristics of groundwater. To date, groundwater governance literature has focused on the legal and/or
regulatory challenges at specific geographic levels or locations; specific principles for governance; or the
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environmental, social, or economic aspects of groundwater governance (see 1.3). As mentioned above, the
normative focus has thus far been on equity and cooperation in transboundary cooperation with lesser
attention to holistic sustainability from a socio-ecological perspective. Groundwater governance literature has
also discussed challenges with respect to defining and identifying typologies of groundwater resources that
are useful for governance (Eckstein 2005; Jarvis 2014; Mechlem 2011). Further, a close read of groundwater
governance literature often elucidates a cursory understanding of resource dynamics with inaccurate or
imprecise use of groundwater terminology – the terms fossil aquifer, confined and unconfined aquifer being
examples of this (see 1.3.3). This indicates a definitional issue in groundwater governance and the associated
literature, where groundwater resources are defined in multiple ways that may not have direct links to
hydrogeological definitions and knowledge. However, these definitions form the foundation of a given
governance framework, determining which guiding principles, rights, and measures might be included.
Within the last 15 years, there have been several efforts to rigorously integrate hydrogeology, law and social
sciences empirically. The 2004 ILA Berlin Rules and the 2008 ILC Draft Articles included hydrogeologists
in their drafting processes. While some legal scholars have since debated these governance texts on their
legal-technical merits (see 5.2), others have focused on their contents and used hydro(geo)ology to develop a
nuanced understanding of the emerging law of transboundary aquifers (Aureli and Eckstein 2011; Eckstein
and Eckstein 2005). Further, the Global Environment Facility’s (GEF) transdisciplinary Groundwater
Governance Project (2011-2013) sought to consolidate groundwater knowledge from across the world and
develop a ‘framework for action.’ Much of the project’s results are grey literature reports, but publications of
some results in peer-reviewed journals is expected. Also, the (groundwater) economics and political economy
fields are increasingly integrating hydrogeological data into their economic models (Faisal et al. 1997;
Guilfoos et al. 2013; Katic and Grafton 2012).
At present, scholarship on groundwater resources science, namely hydrogeology, and scholarship on
groundwater governance have only weak linkages. Of the hydrogeology-focused literature that discusses
governance issues used in this literature review, only two papers refer to social sciences literature (Dumont
2013; Foster and Garduño 2012). And of the social sciences and legal literature that discusses groundwater
resources, hydrogeology literature is only referenced nine times (Baldwin et al. 2012; Eckstein and Eckstein
2005; Feitelson 2005; Knüppe and Pahl-Wostl 2011; Mechlem 2011; Mukherji and Shah 2005; Sugg et al.
2015; Wester et al. 2009). Nevertheless, there is potential convergence from both fields around sustainability
as a key objective/norm (see 1.3.5)

1.3.4

Depth of Research on the Drivers of Groundwater Problems

As of yet, there is no complete picture of whether groundwater governance appropriately addresses the
causes of groundwater problems through its governance principles (see 3.2). This is because the literature has
not comprehensively surveyed or analyzed the human causes of groundwater problems, how these problems
may shift in the future, nor how the content of (ground)water laws addresses the root causes of groundwater
problems.
To some extent, hydrogeology literature discusses the human causes of groundwater problems (such as
agricultural or drinking water supply expansion) in specific case studies. Literature on cases from India,
China, Indonesia and Mexico, among others, are summarized in a publication series from the World Bank
GW-MATE Program and the International Association of Hydrogeologists. However, as a result of the
limited elaboration of the driving mechanisms causing the problematic activity, technocratic end-of-pipe
solutions are still the norm (e.g. Girman et al. 2007). In environmental literature, the use of the Drivers,
Pressures, States, Impacts, Responses (DPSIR) model led to a focus on drivers (e.g. Levy et al. 2012;
discussed further in Chapter 8). In governance literature, these driving mechanisms often remain a point of
reflection rather than a central element of the analysis. Common pool resources (CPR) literature tends to
investigate drivers in greater detail than others and has highlighted the importance of identifying behavioral
drivers, especially economic considerations, in groundwater governance (Burness and Brill 2001; Lopez-
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Gunn 2003; López-Gunn 2012; Ostrom 1990; Wester et al. 2009). Institutional analysis (Young et al. 2005)
made these drivers a central issue. However, actual applications have yet to be implemented in the
groundwater fields.
The literature also neglects how these may intensify or shift in the medium and long-term. Future challenges
are related to uncertainties regarding the dynamics of the physical resources, demographic shifts, as well as
economic and technological developments. From the physical perspective, challenges include increased
water stress, degradation of groundwater-related ecosystems, and the potential effects of climate change (see
3.2). While many deeper groundwater resources are not significantly affected by climate change (Jiménez
Cisneros et al. 2014), the rates of groundwater extraction and pollution are increasing rapidly (see 1.2). As
greater pressures are put on surface water resources due to widespread changes in demographic shifts and
global change, groundwater will become the resource of last resort. Population growth, urban migration, and
displacement due to natural, economic, and political disasters will alter patterns and intensity of groundwater
use. Economic and technical developments – including industrial uses, trade of groundwater-intensive
products, improved groundwater technologies that allow deeper drilling, and more demand for geothermal
energy will increase the potential for groundwater depletion and pollution.
Legal literature often discusses the content of ground(water) laws and the provisions therein from a legal
positivist perspective focusing on their legal status (i.e. are they binding, customary, emerging, disputed? –
see Eckstein and Sindico 2014; Kliot et al. 2001; McIntryre 2006; Rieu-Clarke et al. 2012; Tanzi 2011); the
intrinsic validity of principles (i.e. can equity truly be considered a principle? – see McIntyre 2012; RieuClarke 2000), and the operationalization of principles (i.e. how would one achieve equitable and reasonable
use? – see Tanzi 2010; Wouters et al. 2005). As such, historical legal accounts and jurisprudence play a key
role in the analysis. However, further reaching aspects of the law, its function in governance, and its role in
achieving broader policy goals is rarely discussed in the context of groundwater (see Spijkers 2016 r.e. the
SDGs).
An additional limitation in legal literature is that it generally targets the symptoms of groundwater problems
as opposed to the causes. For example, legal literature suggests adjusting groundwater rights to prevent
depletion, as discussed above. However, if depletion is driven by social and economic inequities in allocation
which are further solidified by rights regimes or economic incentives, the legal measure will not alleviate the
problem (see India example, Box 3.3).
Few researchers have made the necessary links between these drivers and the institutions available to address
them (see 3.2). While understanding the specific motivations of actors at specific locations is perhaps one
determinant of the ‘success’ of a particular groundwater governance framework, taking a glocal approach to
driver identification can also help understand whether the existing institutional frameworks are sufficient to
address these drivers or if new frameworks should be considered (see 2.4). Consequently, Chapter 3
discusses drivers of groundwater problems; Chapter 4 discusses groundwater governance principles; and the
links between them are considered by geographic level in Chapters 5-8.

1.3.5

Aspects of Sustainable and/or Inclusive Development in Groundwater
Governance Research

Groundwater governance literature tends to focus on environmental, social and economic dimensions of
sustainable development individually, notwithstanding overlapping research areas such as the valuation of
ecosystem services for enhanced policy outcomes. As discussed above, there is a limited but growing
literature presenting sustainable development as a key norm or objective for groundwater resources
development and groundwater governance. The literature does not discuss groundwater governance through a
sustainability approach, in which political, environmental, social, and economic aspects would be considered
simultaneously. Situating groundwater governance within a sustainability approach has the potential to bring
a unifying and cohesive element to its frameworks – especially taking into consideration what we know about
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planetary boundaries (Rockström et al. 2009; Rockström and Karlberg 2010) and the need to operate within
them in an ecologically safe and socio-economically just way (Raworth 2012, 2013).
From the environmental perspective, the state of hydrogeological literature is theoretically advanced but
suffers from a lack of empirical data and remains separated from hydrology and ecosystems literature, with a
few exceptions in wetlands sciences. A few researchers have addressed the ecosystems services of
groundwater from an environmental perspective (Bergkamp and Cross 2006; Boulton et al. 2008; Herman et
al. 2001), the economic perspective of ecosystems services values (Katic and Grafton 2012; Qureshi et al.
2012; Rolfe 2010) and accounting for their implications for social sciences (Hayat and Gupta 2016). The
literature shows that accounting for the ecosystems services of groundwater in decision-making has
significant benefits for policy outcomes (Guilfoos et al. 2013; Katic and Grafton 2012). But, the value that
groundwater provides when it is still in the ground (e.g. buffering against drought/climate variability and
attenuating pollutants) is not often considered. One study of the Israeli-Palestinian transboundary aquifer’s
capacity to buffer surface water scarcity estimated that it is up to 84% of the groundwater’s total economic
value (Koundouri 2004; Tsur and Graham-Tomasi 1991). Further, ecosystem damages resulting from
groundwater depletion have been shown to significantly reduce benefits to farming communities in the
Western and Eastern La Mancha Aquifers of Spain (Esteban and Albiac 2011).
With respect to the social dimension, the human rights discourse has been the primary contributor to the
literature regarding the social aspects of groundwater governance. To date there are various assessments of
how the human right to water and sanitation and rights of women, children and indigenous peoples link to
water governance more broadly and to other institutional frameworks (Bluemel 2004; Gleick 1998; Gupta et
al. 2010; Lambooy 2011; McCaffrey 1992; Mirosa and Harris 2012; Obani and Gupta 2015; Ziganshina
2008). Yet very few of the assessments take groundwater into account or look at the specific challenges
posed by and to groundwater (e.g. Gavouneli 2011). Evaluations of rural water supply come closest to
analyzing these issues but tend to be technocratic in focus – looking at issues of well or hand pump failure
(MacDonald and Calow 2009; Macdonald and Davies 2000) – but minimally considering the impacts that
technology may have on the relevant societies, an exception being Gleitsmann and others (2007). To this end,
it is important to recognize that there are still many areas where groundwater resources are vastly
underutilized and accessed and could provide significant socio-economic support to communities with proper
policy and financial support (Giordano 2009).
The existing research related to the economic aspects of the groundwater governance focuses on CPR studies.
The CPR discourse uses a political economy perspective to understand the economic factors behind
behaviors that create and resolve groundwater problems, such as water pricing that internalizes the costs of
externalities (Madani and Dinar 2012, 2013), as well as relational factors such as levels of cooperation or
public trusteeship of groundwater (Sand 2004). Typically, CPR research is focused at the resource scale, so
most investigations have been conducted at the subnational level although there are some at transboundary
and national levels. Pioneered by Elinor Ostrom (1990) the application of CPR to groundwater resources has
increased (Blomquist 1992; Gardner et al. 1997; Provencher and Burt 1993); and has been used primarily in
the western United States and Spain (Burness and Brill 2001; Guilfoos et al. 2013; Lopez-Gunn and Cortina
2006).
Despite the link between environmental protection and economic benefit, neo-liberal philosophies have often
left environmental considerations by the wayside. Much of the concern of the international community has
been formulated around economic globalization rather than environmental or social issues (Paterson et al.
2003) and key actors, such as the World Trade Organization (WTO) have lagged behind in developing
environmental policies (Conca 2000). This indicates that inclusion of the economically marginalized in
groundwater governance has not been prominent in the economic literature thus far, with the exception of
indirect links present in literature on rural water supply and agriculture. So, while access to water is a primary
concern of legal scholars, the role of groundwater in enhancing socio-economic and distributive equity is not
well-developed in groundwater governance literature.
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Given that these dimensions have mostly been approached separately, groundwater governance has not been
analyzed from a sustainable and/or inclusive development perspective. Since there has not been an overall
characterization of existing groundwater governance frameworks and the principles therein, it also becomes
difficult to ascertain whether these frameworks have the potential to support sustainable and inclusive
development. Sustainable and inclusive development are increasingly becoming a key norm in the global
governance discourse as can be seen in their adoption in the Sustainable Development Goals (UNGA 2015,
also see 2.3). As such, understanding groundwater governance in this context is essential for averting severe
resource degradation, deepening social inequity and economic disparity, and the potential for human conflict.

1.3.6

Implications for Research Approach

This overview of groundwater resources problems as well as knowledge gaps in hydrogeology and
groundwater governance literature lead to four key implications for my research approach. (1) Groundwater
resources problems are multi-level and in dynamic relationship to each other. As such, the range of potential
scenarios and effects on groundwater from human activities need to be considered in governance institutions
at all geographic levels. (2) The links between hydrogeology and governance need to be strengthened in
governance research and policies (see Chapters 5-9). (3) But first, the drivers of groundwater problems need
to be better elaborated and understood in order to ensure that groundwater governance institutions are
structured to cope with them in a context-specific way (see 3.2). (4) Pursuing sustainability and emphasizing
inclusiveness as norms and objectives for groundwater governance may provide a clear overarching
framework through which nascent groundwater governance institutions may be designed to avoid
inconsistency and fragmentation (see 2.3).

RESEARCH QUESTION

1.4
1.4.1

Questions and Subquestions

This research responds to the question:
What are the shortcomings of the current normative architecture for sustainable and inclusive
groundwater governance and what are the key elements of a normative architecture at multiple
geographic levels that are consistent with sustainable and inclusive development?
The following sub-questions are also addressed: (1) How are hydrogeology, ecosystems services and the
drivers of groundwater problems taken into account in the architectural design? (2) How have groundwater
governance frameworks evolved at multiple geographic levels, from global to local? (3) Which groundwater
governance principles have been included in these governance frameworks at multiple geographic levels? (4)
How does legal pluralism manifest within and across multiple geographic levels? (5) How do the current
designs of the normative architecture contribute to sustainable and inclusive development at multiple
geographic levels? These questions are briefly elaborated below. They also link to the knowledge gaps (see
1.3).
How are hydrogeology, ecosystems services, and the drivers of groundwater problems taken into account?
This question lays the foundation for linking knowledge from the hydrogeological and social sciences
literature and identifying the drivers of groundwater problems. It allows for linking natural sciences
understandings of groundwater resources to the problems of groundwater governance understandings.
Through literature review this research identifies the drivers of groundwater problems and links them to the
key hydrogeological dynamics of groundwater resources and the resulting effects on ecosystems services.
How have groundwater governance frameworks evolved at multiple geographic levels, from global to local?
This question addresses, to some extent, the problem of the geographically siloed groundwater governance
literature by looking at governance both within and across the relevant levels. To address this question, I
analyze the evolution of existing groundwater governance frameworks (meaning a set of laws, policies, and
programs applicable to a single jurisdiction) at each geographic level. In doing so, this research shows the
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progression in the purposes for which specific groundwater governance frameworks at each level were
designed.
Which groundwater governance principles have been included in these governance frameworks at multiple
geographic levels? This question uses findings from the previous question regarding the evolution of
groundwater governance to identify and explore relationships between the governance principles and
sustainable development. This question facilitates analysis of the dominant architectural characteristics of
each of the governance frameworks. Using content analysis and descriptive statistics, I show which principles
are included in specific frameworks and how they are related to the dimensions of sustainable development.
How does legal pluralism manifest within and across geographic levels? This question builds upon the
previous questions regarding the evolution of individual governance frameworks and the principles they
contain to analyze how these frameworks may vary in a given location and how this relates to sustainable
development. By operationalizing the legal pluralism concept, the analysis reveals whether aspects of the
governance framework are indifferent, conflicting, accommodating, or supporting each. Spatial visualizations
with a Geographic Information System (GIS) support the identification and elaboration of the consequences
of legal pluralism at the various geographic levels.
How do the current designs of the normative architecture contribute to sustainable and inclusive
development at multiple geographic levels? This question links together each of the previous sub-questions
by relating sustainable and inclusive development to the drivers of groundwater problems, the evolution of
groundwater governance, principles included within a given framework, and pluralism between frameworks.
The response to this question considers how these elements can be adjusted or further supported to become
consistent with sustainable and inclusive development.

1.4.2

Focus and Limits

This research presents a ‘big picture’ analysis of the current state of groundwater governance world-wide. I
consider a big picture analysis both advantageous and innovative because it enables the established or
emerging groundwater governance patterns to be traced and analyzed across geographic levels. This is
relevant because of (a) the glocalization of groundwater resources; (b) the need to identify critical gaps in the
groundwater governance framework, given its nascent state; and (c) the multilevel perspective needed to
achieve sustainable and inclusive development. I am also able to focus on uncovering the key messages that
are hidden within available data while having the necessary flexibility to eventually determine the core
elements of a groundwater governance framework. However, a big picture approach may obscure contextspecific detail. Therefore, I use a case study to draw these out for a particular transboundary groundwater
resource, which has some attributes that may be generalizable to other groundwater resource. Section 10.7
includes further reflections on generalizability.
I focus on the normative content of laws (and to a much lesser extent policies and practices) relevant to
groundwater through a content analysis approach. Focusing on content allows me to analyze a broader range
of governance frameworks than in a legal positivist approach because traditional legal analysis may have
excluded certain documents based on their lack of binding status. I study both ‘formal’ texts, such as global
conventions, international treaties, and domestic laws, as well as ‘informal’ texts such as non-binding
international policies, Memoranda of Understanding, ministerial declarations, and reports of project results
with ministerial-level approval as well as uncodified groundwater governance practices. Content analysis
also allows me to trace patterns in the frameworks’ principles and analyze the degree of their coherence and
comprehensiveness. Thus, I can examine the design of the overall normative framework (and its parts)
through the lens of sustainable and inclusive development by focusing on sustainable development as the
synergy of the political, environmental, social, and economic dimensions and inclusive development as an
emphasis on the political environmental, and social aspects.
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My research also faced data limitations, which affected both its theoretical and methodological approaches.
Significantly more data regarding groundwater governance would be required to accurately characterize how
power influences the uptake of norms and principles world-wide (see 2.4). Additional facets of governance
such as accountability, adaptiveness, actor agency, participation, and politics will not be addressed in-depth
for the same reason.
Data was primarily collected in English and national laws and policies in Arabic, English, French, and
Spanish were also evaluated; in some instances it was necessary to use unofficial translations. At the global,
regional and transboundary levels as well as for the Stampriet case study, all three types of documents have
been analyzed. At the national level, only water laws and codes have been assessed. Policy documents were
used if they were the only groundwater or environmental governance text available. Other policy documents
and declarations at the national level were not considered to be of sufficient influence to be included in the
existing normative framework.
Also, many groundwater governance documents do not directly address issues of groundwater ownership,
rights, the relationship between groundwater and land tenure, globalization and trade or trade laws. Rather
these issues are addressed in other types of policy documents or perhaps not at all. Thus, the analysis is
limited by the extent to which the groundwater governance documents’ content deals with this issue. As such,
the potential for land ownership, water rights, and trade to affect power dynamics, result in disparities in
access, and/or exacerbate environmental impacts and could not be thoroughly analyzed. Nevertheless,
considerations about groundwater ownership and trade of groundwater-intensive produce are points of
reflection throughout the analysis, particularly in the case study.

1.5

STRUCTURE OF THESIS

Building upon this chapter’s framing of the problems, knowledge gaps, questions and methods, Chapter 2
articulates the theoretical underpinnings of the analysis of the groundwater governance frameworks and the
resulting conceptual framework. In Chapter 3, I explore how an in-depth understanding of groundwater
science (i.e. hydrogeology) can provide valuable insights for groundwater governance. Chapter 4 focuses on
groundwater governance principles by identifying, defining, and describing them on their own, in relation to
each other, and in relation to the drivers of groundwater problems. The following three chapters analyze and
map the current state of groundwater governance at each geographic level: global in Chapter 5, regionaltransboundary in Chapter 6, and national in Chapter 7. I then use the case study of the Stampriet
Transboundary Aquifer System in Chapter 8 to understand how the evolution, actors, and principles of
groundwater governance interact in practice and what consequence this has for the resource. Chapter 9
analyzes legal pluralism with respect to sustainable development across these geographic levels. Finally,
Chapter 10 synthesizes the analysis and conclusions of the research and provides recommendations regarding
how the groundwater governance framework can be adapted to further support sustainable and inclusive
development. Annex A shows the logical framework used to development the thesis’ structure.
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Chapter 2. Theoretical Background and Methodology
2.1

INTRODUCTION

This thesis uses a multi-level and institutional approach to analyze groundwater governance as (1)
contributing to sustainable and inclusive development, (2) an instance of Earth System Governance, and (3) a
manifestation of legal pluralism. As such, this chapter explores the theories related to these fields; combines
them into a conceptual framework; and elaborates upon how the framework can be applied in the analysis. I
start by discussing the ontological and epistemological positioning of this research (see 2.2). Then, the next
two sections discuss the key theories and concepts used in the analysis with respect to their definitions and
contestations; theoretical content; benefits, challenges and critiques in their application; and how I will use
them going forward. Specifically, Section 2.3 positions sustainable and inclusive development as the guiding
norm of the research, while Section 2.4 focuses on the institutional approach and how it incorporates Earth
System Governance and legal pluralism. Section 2.5 discusses the methodological design including the
development and application of the conceptual framework, linking it to the methods used as well as the
ethical considerations taken therein.

2.2

ONTOLOGY AND EPISTEMOLOGY

I am deeply concerned with how we can merge current understandings of the state and dynamics of
groundwater resources with knowledge about one of the most pressing societal issues – equitably improving
the livelihoods of present and future generations whilst protecting the environment and specifically
groundwater resources. Given my interdisciplinary background, I situate myself within the Earth System
Governance research approach (see 2.4), which does not align itself with a particular ontology and
epistemology but rather emphasizes the need for interdisciplinary approaches spanning the natural and social
sciences (Biermann, Betsill, et al. 2009: 26). The complexities of bringing these disciplines together and the
complexities of groundwater resources and governance problems themselves inevitably means that some
aspects will not be addressed by my research. I have chosen to focus on the design of the normative
framework for groundwater governance from an institutional3 and instrumental perspective. Consequently, I
do not actively engage with debates and discourses regarding socio-political ideologies and powers.
Nevertheless, I fully acknowledge that the norms upon which I focus have emerged from these conflicts and
discourses. In doing so, I assume that ideologies and power dynamics are embedded in these norms and thus
influence state practice, but I do not investigate their potential causal effects.
In my methodological approach, I combine concepts from multiple disciplines including law, geography,
international relations, political science, and hydrogeology into a unified conceptual framework (see 2.5.1).
The development of this methodology was greatly informed by my position as a fellow with the International
Groundwater Resources Assessment Centre (IGRAC), where I benefited from their practitioners’ in-depth
groundwater knowledge, access to their professional network, and relevant data and materials. For my
analysis, I use a mixture of quantitative, spatial and qualitative methods in an approach often called ‘mixed
methods’ (Madey 1982; Morgan 2007; Plano Clark et al. 2010; Teddlie and Tashakkori 2009). Again, mixed
methods are not linked with a specific ontology or epistemology, but rather aim at “collecting, analyzing, and
mixing both quantitative, spatial and qualitative data in a study in order to understand a research problem”
(Plano Clark et al. 2010: 364).

3

The Earth System Governance ‘problem of architecture,’ discussed in Section 2.4.2, is broadly linked to “the
theoretical strand of sociological institutionalism” (Biermann, Betsill, et al. 2009: 35). It is also worth noting
that global environmental governance has also been linked to new institutionalism (Young 2002).
Undoubtedly, this research is also influenced by developments in these theoretical arenas.
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2.3
2.3.1

SUSTAINABLE AND INCLUSIVE DEVELOPMENT: THE GUIDING NORM
History, Debates and Definitions

The tension between economic growth, environmental integrity and social wellbeing are at the heart of
sustainable development and have been discussed for many decades. The global community made a first
statement in this regard in the 1972 Declaration of the United Nations Conference on the Human
Environment (Stockholm Declaration 1972). Yet, it was the landmark report of the World Commission on
Environment and Development (World Commission on Environment and Development 1987) that first
sought to and succeeded in encapsulating these tensions in a way that had mass appeal and could be
popularized. Five years later, the 1992 UN Conference on Environment and Development in Rio de Janeiro
led to the adoption of the Rio Declaration on Environment and Development (Rio Declaration, 1992) and
Agenda 21 (1992), both considered hallmark policies that encapsulate the global sustainable development
agenda. Subsequently, UN Conferences in Johannesburg (Rio +10) and Rio de Janeiro (Rio +20) aimed to
track the global community’s progress in achieving sustainable development and set goals for the future.
In 2015, UN Member States adopted the Sustainable Development Goals (UNGA 2015), solidifying
sustainability’s place in the global development agenda (Gupta et al. 2014; Gupta and Vegelin 2016;
Habtezion et al. 2015; Stevens and Kanie 2016). One of the SDGs, Goal 6, focuses specifically on water.
Although, groundwater resources are only mentioned explicitly in one of the SDG targets (namely Target 6.6,
“[b]y 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers,
aquifers and lakes”), they are interlinked with all 17 goals and 60 out of the 169 targets (UN-Water 2016).
Thus, linking the dynamics of groundwater resources and principles of groundwater governance is necessary
for the achievement of the SDGs.
Inclusive approaches to development emerged after the Post-World War II recognition of human rights, in
combination with the pull away from the state-centric and economic-focused international system. It was
fueled, in particular, by the failure of ‘trickle-down’ economics in developed countries and a debt crisis in
developing countries that eventually led to massive cuts in investments in social programs and subsidies.
Consequently, the 1990’s marked a shift in the global community’s focus towards human development and
poverty reduction, which coincided with increasing attention to environmental problems under the umbrella
of sustainable development. However, given the breadth of approaches that could be taken to push forward
sustainable development, the concept of inclusive development was brought forth as a way of focusing on the
poorest of the poor and people from marginalized communities (Sachs 2004).
In 1987, the WCED defined sustainable development as ‘development that aims to meet the needs of present
generations without compromising on the ability of future generations to meet their own needs’ (World
Commission on Environment and Development 1987: 43). Although, this definition is the ‘original’
definition and will be the one used in this research, it is not without contestation. In brief, these definitional
contestations surround: What is sustainability? Is it simply giving a nod to the environment, ‘green washing’
or rather sustaining growth itself? What is development? Is it increased Gross Domestic Product, enhanced
access to economic activity, improved livelihoods? Lele (1991) and a 2005 special issue edited by William
Clark and others took on this question in particular. Nevertheless, the answer remains unclear as do many
issues regarding operationalizing sustainable development as a theory and practice.
The dominant discourses surrounding sustainable development are about (1) what it is – a set of principles, a
concept, a vision, an idea, and (2) its practicality and operationalizability, and (3) whether it is a goal or a
process. Scholars have described sustainable development as a warm and fuzzy concept, ‘like motherhood
and apple pie’ (D. W. Pearce et al. 1989: 1); ‘a grand compromise’ between environment and economy
(Kates et al. 2005); a ‘multi dimensional bridging concept’ (Meadowcroft 2000: 381); being about everything
and thus having the potential to be about nothing (Lele 1991: 613); and being vulnerable to ‘cockpitism’ (M.
Hajer et al. 2015). Although it has been heavily critiqued for being too broad, difficult to identify and
implement in practice, Hajer (1995) argues that more restrictive definitions could limit political support,
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result in philosophical attrition, and that the discourse and contestation of the concept is in and of itself
valuable. Consequently, many scholars are transcending these debates and researching how the concept of
sustainable development has been used by actors in various governance regimes (Jordan 2008).
Hydrogeologists have already proposed various definitions of groundwater sustainability (Alley et al. 1999;
Custodio 2002; Gleeson et al. 2012; Gleeson, van der Steen, et al. 2010; M. R. Llamas et al. 1992) in addition
to specific guidance around pollution prevention and avoiding overexploitation of groundwater resources.
Common elements of these definitions highlight that the development and use of groundwater should occur
in such a way that it can be maintained for an infinite time without causing unacceptable environmental,
economic, or social consequences. To support this definition, ideally, the use of principles focuses on
political, economic, environmental and social aspects. However, a clear linkage still needs to be made
between the physical resources and groundwater governance frameworks.
In the context of the Anthropocene, inclusive development is development that includes marginalized people,
sectors and countries in social, political and economic processes for increased human well-being, as well as
environmental sustainability and empowerment (Gupta et al. 2015: 546). Inclusive development emphasizes
poverty alleviation, giving attention to marginalized people. One of inclusive development’s central tenants
says that unchecked economic growth in neo-capitalist frameworks may lead to social exclusion and
increased economic and ecological disparity. These effects are already being witnessed today with some of
the world’s most rapidly growing economies being those marked with the least equitable income
distributions, visible social exclusion and even human rights violations as well as degraded ecosystems. With
inclusivity being highlighted as a key element required for successful implementation of the SDGs, the
concept is receiving increased attention in academic literature. Nevertheless, the concept is still being
developed empirically and conceptually and is not without contestation. One aspect that is contested is
whether inclusive development should be exclusively pro-poor or should also capture environmental issues
given the often-close relationship between the poor and the environment.

2.3.2

Operationalization

In this thesis, sustainable development is used as a “nirvana concept,” i.e. a concept that underpins
overarching frameworks and supports particular narratives (Molle 2008: 131). In this context, sustainable
development provides the analytical framework for assessing the state of groundwater governance. The
Report of the World Summit on Sustainable Development (United Nations 2002) outlines three ‘pillars’ of
sustainable development that have since been widely used in the literature - the social pillar, the
environmental pillar and the economic pillar. This research will refer to them as ‘dimensions’ rather than
pillars because they are ‘interdependent and mutually reinforcing.’ A political dimension to sustainable
development captures the roles, relationships, and interactions between stakeholders that can affect
sustainability. James et al. (2015) captures a similar notion in their ‘circles of sustainability’ concept, which
includes a ‘political’ dimension. This research also responds to the call of Kanie et al. (2012) for enhanced
horizontal harmonization between institutions and vertical integration between the three (in this case four)
dimensions (Cash 2000). Gupta and Nilsson (2017) argue that implementing the SGDs requires regimes
across levels and actors targeting drivers of change at the appropriate scale and ensuring horizontal and
vertical coherence in outcomes, which is systematically applied to governance.
For my research, an inclusivity focus entails ensuring equitable and inclusive access to groundwater
resources and allocation of the associated rights, risks and responsibilities. I contend that a focus on
inclusivity can potentially enhance compliance with groundwater governance frameworks. When
stakeholders believe rules are the outcomes of an inclusive or equitable process, rather than one outside of
themselves, they are more likely to adhere to these rules in practice (Young and Zürn 2006). Considering the
essential role that groundwater will play in development across the world, taking an inclusive perspective is
essential. Thus, I operationalize inclusive development by focusing on the axis of sustainable development
that links the social and environmental dimensions and by giving it three sub-dimensions: social
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inclusiveness, environmental/ecological inclusiveness, and relational inclusiveness (Gupta and Vegelin
2016). I understand social inclusiveness as requiring that the focus must shift focus from only generating
economic wealth flow to focusing on social worth, i.e. ‘reproducible capital; human capital; knowledge;
natural capital, population, institutions, and time (Gupta et al. 2015; UNU-IHDP and UNEP 2012: 13). I see
ecological inclusiveness as requiring the management of ecosystems services in a manner that is equitable
across peoples and generations. And finally, relational inclusiveness means that democracy, distribution of
resources, and participation are viewed as necessary to prevent reinforcing marginalization and poverty
(Gupta et al. 2015; Mosse 2010; Oxfam 2014; Sachs 2004). As discussed in the focus and limits, the power
element will not be a focus here but rather understanding how the groundwater governance framework itself
is structured to cope with power.
To synthesize, this thesis uses sustainable and inclusive development as the key norm and the main analytical
lens focusing specifically on the nexus between sustainable and inclusive development and groundwater.
Sustainable development considers the political, environmental, social and economic dimensions equally and
simultaneously. Inclusive development focuses on the political, environmental, and social dimensions,
thereby emphasizing social issues, ecological protection and well-being and de-emphasizing neo-liberal
capitalist growth. It also emphasizes the need for political debate because groundwater governance may
require the redistribution of resources in accordance with the physical constrains of groundwater availability.

AN INSTITUTIONAL APPROACH TO GROUNDWATER GOVERNANCE

2.4
2.4.1

Groundwater Governance as an Instance of Earth System Governance

“The fundamental problems regarding environmental governance have to do with institutional matters.”
- Oran R. Young (2002:29)
This research focuses on the nexus of groundwater governance and sustainable and inclusive development.
As such, I have chosen to anchor it in the Earth System Governance (ESG) concept. ESG is “the sum of the
formal and informal rule systems and actor-networks at all levels of human society that are set up in order to
influence the coevolution of human and natural systems in a way that secures the sustainable development of
human society” (Biermann 2007: 326). Here, I will briefly discuss the origins of Earth System Governance
and its link to International Relations (IR), and distinguish it from Global Environmental Governance in
order to show the advantages of using it as the analytical basis for this thesis.
The origins of ESG can be traced to the analytical concept of Global Environmental Governance, which is
rooted in regime theory and situated within the IR discipline. IR’s regime theory was born out of the need to
better describe the interactions among states, as they were neither completely anarchic nor entirely a function
of a hierarchical command and control system. Krasner (1982: 185) defined regimes as “principles, norms,
rules, and decision making procedures around which actor expectations converge in a given issue-area.” As
the definition indicates, a key proposition of regime theory is that there will eventually be a convergence of
state practice, wherein actors develop common terms with which they relate and that influence their behavior
in a particular issue area.
Later, Young (1989: 5) defined regimes as “authoritative social institutions embodying roles and rules.” The
inclusion of the words, “social institutions” indicates a critical theoretical turn, wherein regime theory is
explicitly linked to the institutionalist tradition in Political Science.4 Institutions can be considered ‘systems

4

Institutionalism is rooted in developments in Political Science occurring in the 1960’s and 70’s. The purpose
was to understand the role institutions play in the outcomes of social and political processes (Hall and Taylor
1998). This thesis follows the understanding of institutionalism highlighted by (Immergut 1998: 8). She
indicates that “old” and “new” institutionalisms are so closely related that it is often preferable to speak of the
“institutionalist tradition.”
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of established and imbedded social rules that structure social interaction’ (Hodgson 2006: 18). The narrower
definition I will use in this research is “a set of rules, decision-making procedures, and programs that define
social practices, assign roles to the participants in these practices, and guide interactions among the occupants
of individual roles” (Young 2002: 5). Scholars, primarily from the IR field, began to operationalize the
theoretical linkage between regimes and institutions to analyze global environmental problems such as ozone
depletion, climate change, and the Arctic as a common concern of human mankind. This field of research has
been termed Global Environmental Governance (GEG).
Morin and Orsini (2013: 563) refer to Global Environmental Governance as a “thematic island of the IR
archipelago.” Several scholars explicitly linked Global Environmental Governance with institutionalism
(Young 2002; Zelli and Asselt 2013) and have looked at how multiple institutional arrangements address the
same issue area from within the environmental theme (Biermann, Pattberg, et al. 2009) as well as how
institutions lead to norm-compliant behavior (Cortell and Davis 1996; Schmidt 2008 r.e. norms in discursive
institutionalism; Skjærseth et al. 2006). However, Global Environmental Governance goes beyond regime
theory by taking into consideration the importance of non-state actors, while still seeing states as a central
point of authority (Ford 2003).
There has also been a focus on the role of law as an institution in Global Environmental Governance.
Multilateral environmental agreements and associated treaty-based organs have been critical to enhancing the
performance of environmental resources by elaborating and applying norms; ensuring compliance; and
coping with challenges posed by shifting environmental dynamics (Brunnée 2002; Morin and Orsini 2013).
According to Hey (2007: 750–751) an analogous influence can be observed in domestic environmental law.
International legal scholars would refer to this as ‘norm convergence,’ which could be considered the legal
analogue of the convergence of state practice in IR literature. It would be logical to question the importance
of environmental agreements in contexts lacking rule of law and enforcement capabilities. However, Young
and Zürn (2006) and Allott (1999) show in their respective studies that legal institutions still have measurable
effects in settings where legal procedures are underdeveloped and enforcement is rare. As such,
environmental law can be seen as a central component in Global Environmental Governance in all political
contexts.
The International Human Dimensions Programme (IHDP) established a 10-year multi-disciplinary
institutional program (The Institutional Dimensions of Global Environmental Change [IDGEC]) to analyze
how institutions can govern the global environment. They prepared a methodology for analyzing existing
institutions and improving them, which has served as the inspiration for my method (see 2.5.1). They argue
that such analysis should focus on causality (to what extent is a problem caused by institutions), performance
(which institutions work and which do not in specific contexts, given specific drivers), and design (how can
one improve institutions based on the previous analysis).
The follow-up decadal global program is called Earth System Governance and builds on these developments
in Global Environmental Governance by (1) integrating multiple ontologies and epistemologies into issues of
global environmental governance; (2) encouraging research that analyzes the relationship between
governance frameworks at multiple geographic levels; and (3) integrating the political, environmental, social
and economic aspects by positioning sustainable development as the overarching norm for its research
objectives. ESG structures its core concepts within its 2009 Science Plan (Biermann, Betsill, et al. 2009) and
centers its research questions around five core problems (architecture, agency, adaptiveness, accountability,
and access and allocation) and four cross-cutting themes (power, knowledge, norms and scale). As discussed
in the focus and limits, this research focuses on the problem of architecture and does not address in detail the
problems of agency, adaptiveness, accountability or issues of power.
This thesis embeds groundwater governance within ESG’s ‘analytical theme’ of architecture and focuses on
norms within the architecture, namely normative architecture. As such, both ‘architecture’ and ‘norms’ are
defined and further elaborated in the sub-sections below. The problem of allocation and access can be viewed
as ‘the problem of who gets what, when, where, and how’ (Biermann, Betsill, et al. 2009: 58). Access is
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defined as achieving a minimum amount of resources for survival while allocation is defined as the
distribution of resources within and between countries (Gupta and Lebel 2010). Empirically, it is primarily
examined in the assessment of the case study, although some links are also drawn to it when assessing the
groundwater governance architecture. The cross-cutting issues of knowledge (scientific understanding of
groundwater resources) and scale (which groundwater governance issues are addresses at which geographic
levels and why) arise throughout the analysis.

2.4.2

Architecture of Groundwater Governance

A key aspect of governance is the study of its architecture (Biermann and Pattberg 2009; Young 2002).
Architecture is ‘the interlocking web of widely shared principles, institutions and practices that shape
decisions at all levels in a given area of earth system governance’ (Biermann, Betsill, et al. 2009: 31,
similarly defined in Mitchell 2002; and Young 2001). In other words, it is the overall structural design
composed of individual governance frameworks. Within ESG, architecture is considered to have a scalar
component. The concept of ‘scale’ is used across many disciplines and often interchangeably with ‘level.’
However, I use them in accordance with GEG and ESG literature wherein scale is defined as “the spatial,
temporal, quantitative, or analytical dimensions used to measure and study any phenomenon” and level as
“the units of analysis that are located at the same position on a scale,” which may or may not be hierarchical
(Biermann, Betsill, et al. 2009: 73; Gibson et al. 2000: 218). In order to assess the architecture of
groundwater governance, I take a normative focus and incorporate elements from three scales: (1)
geographic/spatial, (2) biophysical, (3) and temporal. I discuss the purpose of a normative-focused analysis
and each of the scales. I elaborate on the methods in Section 2.5.2 and the elements of the geographic/spatial
scale in this section, the biophysical scale (i.e. groundwater resources) in Section 3.4 and the temporal scale
in Chapters 5-8.
I define norms as the dimension of governance which articulates a “standard of appropriate behavior for
actors with a given identity” (Finnemore and Sikkink 1998: 891). Governance architectures, and the
institutions therein, are influenced and shaped by the “collection of norms and mix of rules and practices that
structure these institutions” over time (Biermann, Betsill, et al. 2009; Finnemore and Sikkink 1998).
Although there is vast political science and legal literature attending to norms (also called values, ideals,
principles), the precise naming or identification of specific norms is rare (Kooiman and Jentoft 2009). Norms
are frequently an analytical dimension used to measure and study governance, particularly in international
relations (Beyerlin 2007; Cortell and Davis 1996). As discussed above, I position sustainable and inclusive
development as the key norm in this research. In understanding how norms influence and are imbedded in
governance architecture, it is important to understand how they have evolved and developed across time.
Thus, the temporal scale is integrated into the analysis.
Governance architecture is composed of norms, principles and other institutions included at multiple
geographic levels. Thus, the concept of multi-level governance (MLG) becomes an important link to ESG in
that it delineates the levels of the spatial scale. MLG can be defined as ‘political structures and processes that
transgress the borders of administrative jurisdictions, aiming to cope with interdependencies in societal
development and political decision making which exist among territorial units’ (translation of Benz 2006 as
cited in Newig and Fritsch 2009: 1999). The literature distinguishes two types of MLG: Type I and Type II
(Marks and Hooghe 2004). Type I focuses on general-purpose jurisdictions with a wide range of functions,
that have nested territorial membership in a limited number of levels with a system-wide architecture. In
Type II MLG, jurisdictions have distinct functions, intersecting territorial membership, many jurisdictional
levels (e.g. polycentric governance) and ‘flexible design’ (Marks and Hooghe 2004). Given this distinction, I
use Type I MLG in my analysis because it is explicitly linked with IR literature and addresses governance
architectures. Consequently, the levels of the geographic/spatial scale are delineated according to the global,
regional, transboundary, national, and sub-national (e.g. provincial and municipal) administrative
jurisdictions. However, these levels in the geographic/spatial scales do not typically coincide with the
biophysical scale of groundwater. Further, countries are not always neatly nested in the transboundary level.
26

CHAPTER 2

As such, understanding these biophysical and administrative scales and their relationship to governance is
explored in this thesis.
MLG literature has synergies with ESG. The analytical problem of architectures emphasizes the importance
of ‘increasing understanding of the vertical interaction of governance mechanisms and the notions of
multilevel governance’ (Biermann, Betsill, et al. 2009: 31). The MLG concept has also been applied to
various aspects of Earth System Governance, including water governance (Gupta et al. 2013; Gupta and
Nilsson 2017; Knüppe and Pahl-Wostl 2011; Pahl-Wostl et al. 2010). It can also be used along with temporal,
spatial, and biophysical scales (Moss and Newig 2010) as is done in this research. Several empirical studies
in the European Union have also explored the relationship between MLG and sustainable development,
indicating that this is an emerging area of conceptual linkage (Gibbs and Jonas 2001; Jordan 1999, 2008).
ESG literature discusses the need to appropriately scale norms and institutions up and down administrative
levels. It also demonstrates that often at the global geographic level, norms are of special relevance since they
are framed as principles of international environmental law (Biermann, Betsill, et al. 2009). Thus, MLG is an
important point of convergence between ESG and geography, as it facilitates understanding around how
geographic levels of governance and the delineation of groundwater resources interact in space as well as
how that interaction can influence the definition of groundwater problems, the drivers of those problems and
the appropriate groundwater governance principles to counter those drivers. In this research, I analyze
governance architectures (including principles) along each geographic level. In doing so, I acknowledge that
at a single geographic level, there may be multiple governance framework that simultaneously include
different, and possibly incongruent or incoherent, principles. The relationship between these different
governance frameworks within a given jurisdiction impacts the achievement of the key norm – sustainable
and inclusive development. This phenomenon is captured by the concept of legal pluralism.

2.4.3

Legal Pluralism in Earth System Governance

Definition and Origin of Legal Pluralism
Although authors use different language to define legal pluralism based on their disciplinary backgrounds,
the essence of the definition is similar. Essentially, different rules created by different actors may have
differing significance, relevance and ramifications for the same populations and the resources upon which
they rely. Therefore, I use the definition provided by Bavinck and Gupta (2014: 1) who define legal pluralism
as a ‘condition whereby different rule systems apply to identical situations and legal jurisdictions.’ To
proceed, I will discuss the theoretical origins of legal pluralism; link it to ESG and MLG; and then discuss
briefly how I operationalize it in my analysis.
Historically, legal pluralism was used to describe the interaction between traditional legal systems and
encroaching colonial rule (Benda‐Beckmann 2001; Ehrlich 1936; Malinowski 1926). Recently, it focuses on
understanding pluralism dynamics (Nobles and Schiff 2012; Zumbansen 2012) through investigating (a) the
fragmentation of the (international) legal order (Koskenniemi and Leino 2002) or (b) the co-existence of
multiple legal orders in a single jurisdiction (Tamanaha 2011). Legal pluralism can occur ‘horizontally,’ due
to multiple rules developed at the same geographic level of governance or ‘vertically,’ due to multiple rules
developed at the different geographic levels of governance (Conti and Gupta 2014). Thus, several disciplines,
such as anthropology and law, use the legal pluralism concept but with different foci and methodological
approaches. I focus on the legal and water governance fields and how they frame legal pluralism at different
geographic levels.
At the global and regional levels, the influence of Communities of Practice has increased plurality and
informality in global administrative law (Cullet 2013). At the national and subnational levels, traditional local
water use can differ from codified laws affecting access to and allocation of water (Boelens 2009; Gupta and
Lebel 2010). These issues are often complex and, in different environments, they can result in different
outcomes, such as the progressive development of legal systems (Nobles and Schiff 2012) or incongruences
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in principles applied at the same geographic level (Biermann, Pattberg, et al. 2009; International Law
Commission 58th Session 2006; Koskenniemi and Leino 2002; Zelli and Asselt 2013). Unfortunately, the
growing legal pluralism discourse on water has focused on surface water (Prakash and Ballabh 2005), but
hardly on groundwater (an exception being Conti and Gupta 2014).

Linking Legal Pluralism to Governance Architectures
ESG explicitly highlights three key aspects of legal pluralism in relation to architecture. First it links norms
to law and policy by saying that many overarching norms are formulated as general legal principles,
especially in international laws (Beyerlin 2007). Second, it states that global environmental governance
regimes are increasingly pluralistic (Bernstein and Cashore 2012). Third, it acknowledges that various
historical influences, particularly (neo)colonialism, have led to the co-existence of different norms in many
locations (Biermann, Betsill, et al. 2009: 73). In the context of Earth System Governance, legal pluralism
raises issues of fit, interplay and scale (Young 2002).
Interplay issues arise when the norms in groundwater governance frameworks may or may not be aligned
within and across geographic levels. This is analogous to the vertical and horizontal legal pluralism discussed
above. Fit is a challenge when the norms included at a particular geographic level do not match the physical
properties of groundwater resources. This is also an instance of legal pluralism because a single groundwater
resource may be defined or delineated differently according to the laws and policies originating from
different actors and/or from difference geographic levels. The issues of interplay and fit are in fact also issues
of scale because they indicate mismatches between biophysical, administrative and spatial scales in
groundwater governance. These mismatches are also affected by political and knowledge developments over
time (i.e. the temporal scale).
The issues of interplay, fit and scale point back to the groundwater resource problems of data dearth and
glocalization (see 1.2). Lack of data and information regarding groundwater resources at various geographic
levels presents a large gap in hydrogeological knowledge that impedes groundwater governance. This is
compounded by the fact that aquifers are not universally accepted as the unit for groundwater governance and
even when they are used, their precise physical dynamics may not be well understood. Despite the glocal
nature of groundwater problems, groundwater is not directly governed as a global resource; rather it is
indirectly influenced by other global governance frameworks focused on climate change, trade, and
biodiversity (Hoff 2009; Vörösmarty et al. 2015). As such, laws applicable to groundwater developed at the
global level do not have a direct fit because they do not deal with the global/transnational aspects of
groundwater governance but rather focus on transboundary aquifers or international watercourses with
hydrological linkage to groundwater resources (Conti and Gupta 2015).

2.4.4

Synthesis

In summary, the justification for using ‘architectures’ within the context of Earth System Governance reaches
back to regime theory and GEG and their emphasis on institutions and the principles, norms and rules
therein. The shift from understanding spatially-specific governance frameworks toward their interactions in a
multi-level context leads to the integration of the multilevel governance concept. As norms undergird the
design of governance institutions, this research focuses on assessing the existing norms of groundwater
governance and redesigning them to make them consistent with sustainable and inclusive development and
assessing the role of relevant actors (e.g. countries, intergovernmental and non-governmental organizations,
and epistemic communities of scholars). Taken together, the abovementioned theoretical and conceptual
developments justify analyzing groundwater governance frameworks at multiple geographic levels with a
view to promoting sustainable development and inclusive development.
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RESEARCH METHODOLOGY AND CONTEXT

2.5

Conceptual Framework for Analyzing the Institution of Groundwater
Governance

2.5.1

This section introduces the conceptual framework used to carry out this research. The terms conceptual
framework and theoretical framework have been used interchangeably in the literature (Maxwell 2012). A
conceptual framework can be defined as a visual or written product that explains the key concepts to be
studied and their relationships. Such a framework also captures the assumptions, expectations, beliefs and
theories underlying the research in order to place the results in the appropriate context (Miles and Huberman
1994; Ravitch and Riggan 2011; Robson 2011). Concepts bridge this research’s empirical emphasis and its
theoretical implications. This is in alignment with Ravitch & Riggan’s (2011) proposition that using a
conceptual framework leaves room for critical engagement with these underlying theories based on empirical
evidence.
I use a conceptual framework adapted from IDGEC’s methods for the institutional analysis of environmental
governance regimes (Young 2002). The objective of my research is to diagnose the state of groundwater
governance and elaborate a moderately generalizable baseline for groundwater governance principles that
should be contextualized. However, such contextualization may need to rely on certain assumptions about the
state of groundwater resources and the motives of groundwater use due to data limitation. Young (2002: 176)
describes that advantage of his diagnostic approach as follow:
“It is useful to treat this approach as an exercise in midrange generalization, coupled with liberal
use of ceteris paribus assumptions. Instead of attempting to identify a given problem as a generic
problem type (e.g., CPR) and then applying conditions regarded as necessary to successful
treatment of all instances of that type, the diagnostic approach attempts to disaggregate
environmental issues, identifying elements of individual problems that are significant from a
problem-solving perspective and reaching conclusions about design features necessary to
address each element.”
IDGEC’s framework consists of six parts: (1) institutions, (2) instruments, (3) actor-pressure, (4) institutional
drivers, (5) resource performance, and (6) institutional redesign. Operationalizing the frameworks first
requires an analysis of anthropogenic and natural drivers causing problems in the environmental system (#4
in Table 2.2). Second, it requires an analysis of the institutions of groundwater governance at multiple
administrative levels. Third, it requires the identification of institutional causes (instruments) of groundwater
problems, such as weak incentives or insufficient penalties. These institutional causes influence human
behavior resulting in problems to the environmental system, given the contextual drivers. Based on analysis
of which institutional incentives work and which do not, institutional responses can then be (re)designed.
I have adapted this model to focus on groundwater governance. First, I focus on governance institutions in
terms of laws, policies, or programs. If there are multiples laws, policies and programs contributing to
governance within a single jurisdiction, I refer to them collectively as a framework. In accordance with my
adaptation of the IDGEC framework and understanding of ESG architecture, I use content analysis to identify
the principles as key components of the architecture (see 4.2).
My second difference is that, due to data limitations, IDGEC’s framework in its most orthodox application
would establish a causal link between the implementation of an institutions’ norms and principles, how they
drive or cause changes to human behavior, and thus affect the performance (or physical state) of an
environmental resource. However, as discussed in Section 1.2, the state of groundwater governance and
understanding of groundwater resources at all geographic levels is severely hampered by a lack of
hydrogeological data and cross-cutting social sciences analysis. Therefore, I only apply this model
empirically in the case study, see 8.5). The other chapters deemphasize causality and implementation
outcomes and emphasize understanding the narrative and norms to assess whether the institutional causes
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actually are able to influence human activities given the drivers of groundwater problems towards sustainable
and inclusive development.
In the adapted conceptual framework, the first element remains institutions, namely the institution of
groundwater governance (as discussed in Section 2.4). The second element remains instruments (discussed in
Chapter 4). The ‘big-picture’ focus means that actors selecting and implementing these instruments are the
focus rather than actor pressure which focuses on behaviors. Consequently, the role of politics, agency and
power dynamics in actor behavior is also limited (see 1.4.2). The third element analyzes the actors and their
participation in groundwater governance institutions, but does not focus on actor pressure or behavior. The
fourth element examines drivers and to a limited extent the behavior behind the drivers. Yet, it does not look
at institutional drivers as proposed by IDGEC since there is a lack of data that provides causal link between
institutions and the state of groundwater resources. Instead, it focuses on human activities and biophysical
shifts that may result in groundwater problems through the lenses of hydrogeology and ecosystems services
(see 3.5). So instead of addressing human behavior explicitly, the adapted framework considers it implicitly
as the impetus behind anthropogenic drivers. The fifth element of my framework, institutional performance,
adapts IDGEC’s notion of resource performance. Resource performance is based on how the presence of
institutions has effected the performance or state of the natural resource the institutions govern. Again, a lack
of data preempts drawing a causal link between existing groundwater governance institutions and the state of
groundwater resources. As such, the adapted framework uses legal pluralism as a performance indicator in
lieu of resource performance indicators (e.g. level of pollution or depletion).5 Redesign becomes the sixth
element and focuses on adjusting the institution of groundwater governance to become consistent with the
normative goal of sustainable and inclusive development. Details regarding the operationalization of the
framework are discussed immediately below.
Table 2.1 Original versus adapted conceptual framework
ORIGINAL IDGEC FRAMEWORK
Element

Definition

ADAPTED FRAMEWORK APPLIED TO GROUNDWATER
Element

The set of rules, decisions-making
procedures, and programs that define
social practices

(2) Instruments

Specific rules/principles/measures in
(2) Principles
the above institutions used to influence
behavioral change

Principles/rights/rules/measures used in the
above institutions to influence behavioral
change

(3) Actor pressure

Anthropogenic behaviors that affect a
resource (e.g. over-use, polluting)

(3) Actors

Persons/communities/organizations/states
participating in or affected by institutions

(4) Drivers

Causes of anthropogenic behaviors or
biophysical phenomenon that affect
actor behavior (e.g. economic growth,
climate change)

(4) Drivers

Anthropogenic or biophysical causes of
groundwater problems

(5) Resource
Performance

Biophysical condition of the resource
(e.g. pristine v. polluted)

(5) Institutional
Performance

Degree of comprehensiveness and coherence
of the principles design (e.g. legal pluralism)
in meeting sustainable and inclusive
development

(6) Redesign

Improve existing institutions/principles (6) Redesign
to address continuing actor pressure
and drivers

5

(1) Institutions

Definition

(1) Institutions

Specific laws/policies/customs governing a
groundwater resource

Improve existing institutions/principles to
address drivers, resolve contradictions
emerging from a legal pluralist analysis and
achieve sustainable and inclusive
development.

Kooiman and Chuenpagdee (2005: 337) say that institutional design can be a measure of performance in
governance.
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2.5.2

Integrated Analytical Approach

This section explains how I applied the conceptual framework and methods. Details regarding the procedure
for applying individual methods are discussed immediately below. The integrated analysis used a layered
approach in accordance with the research questions, the conceptual framework, and the elaborated research
design (see Figure 2.1). I worked abductively and iteratively, using qualitative data to validate quantitative
data and the used qualitative data to construct categories that can support analysis of quantitative data
(Onwuegbuzie and Leech 2005).
I used literature and available databases to assess the physical characteristics of groundwater resources and
identify groundwater resources problems. Focal topics for the literature review included the state of
groundwater resources at the global and transboundary levels, ecosystems services of groundwater and
groundwater’s link to climate change. I also used data on groundwater resources available in public databases
to map the problems spatially using GIS. Some of the findings from my research have been published and or
presented at international conference, and comments from reviewers, editors and conference participants
have helped to further refine those findings (Conti 2016; Conti and Gupta 2014, 2015).
The institution of groundwater governance is composed of individual governance frameworks, which were
identified through literature about groundwater governance and groundwater law as well as a search of legal
databases. I also took into consideration informal inputs from experts in groundwater resources management
with whom I interacted at international conferences as well as in IGRAC-related project and research
activities (see list in front matter). All laws, policies and programs identified as having relevance to
groundwater were assembled into a groundwater governance database spanning the relevant geographic
levels.
To analyze the governance frameworks, I used the documents contained in the database using content
analysis. The content analysis procedure was informed by literature (see 2.5.5). The objective was to identify
the governance principles in the frameworks. The content analysis also linked particular principles to actors
(i.e. countries or sets of countries). For the Stampriet transboundary aquifer, the laws and policies were also
included in the database, but analysis of the case study included a more detailed account of the actors
involved through stakeholder interviews and field observations.
At each geographic level, the state of groundwater governance was assessed in four ways. First, the temporal
evolution of groundwater governance was discussed and the resulting differences in the framework according
to characteristics of legal pluralism were characterized. Second, the patterns in the use of groundwater
governance principles were identified using descriptive statistics (e.g. frequency). Third, the principles’
relationship to groundwater problems at that level were explored with GIS mapping. Fourth, the horizontal
legal pluralism analysis allowed the various laws, policies and programs related to groundwater to be
analyzed on the basis of their characteristics and implications for governance using an adapted version of the
heuristic types discussed in Section 2.4.3 (see Table 2.1). This gives an indication of the relationship between
these governance texts and facilitates understanding of how it may affect their contribution to sustainable and
inclusive development.
Each of these portions of the integrated analysis was also carried out for the case study of the Stampriet
Transboundary Aquifer System. The case study analysis used desk study and preliminary discussions with
experts to understand the groundwater governance principles presented in law and policy in the Stampriet.
Field work examined these principles in practice through interviews and field observations. It also served to
identify new drivers and principles necessary to cope with them (see Chapter 8). Patterns and legal pluralism
analysis revealed where the existing framework may face challenges with regard to achieving sustainable and
inclusive development.
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Figure 2.1 Research Design Schematic

32

CHAPTER 2

In order to propose a redesign of the groundwater governance framework, Chapters 5-8 analyze patterns,
legal pluralism and drivers to assess the degree to which the groundwater governance framework at that level
may support sustainable and inclusive development. To do so, the principles’ potential to counter drivers and
support ecosystems services is discussed specifically with respect to sustainable and inclusive development.
Then principles that are sufficiently present in the frameworks to support sustainable and inclusive
development; that are absent and/or undermine sustainable and inclusive development; and that are
incongruent with each other and may prevent sustainable and inclusive development are discussed. Finally,
the manifestations of legal pluralism and their implications for sustainable and inclusive development are
elaborated. Chapter 9 then integrates these findings across all levels. Chapter 10 discusses the key elements
and considerations for redesign.

2.5.3

Literature Review

The literature review was used to systematically and critically analyze published knowledge by way of
summary, classification and comparison. It formed the foundation for understanding the current state of
knowledge on a groundwater governance and helped situate the topic and approach within this landscape.
Often a literature review includes documents from both primary and secondary sources, with a focus on
academic literature from books and peer-reviewed journals.
Going beyond identifying knowledge gaps, the relevant theories, and substantiating the conceptual
framework, the thesis uses the literature as a key source of data to identify the drivers of groundwater
governance (see 3.2), identify existing groundwater governance principles (see 4.3-4.6) and trace how
groundwater governance has evolved over time and what factors have influenced its development at multiple
geographic levels (see 5.2, 6.2, 7.2, and 8.3). It also supports the analysis of empirical data gathered from
legal and policy texts as well as interviews, in accordance with the conceptual framework (see 5.3, 6.3, 7.3,
and 8.3).
An iterative approach was taken in conducting the literature review. In general, the literature search focused
on the legal, political science, geography, and hydrogeology literature. Initial searches in the ScienceDirect
database, using Boolean search criteria using two sets of key words shown in Annex B related to: (1) the
groundwater resources and (2) groundwater governance. Initial keyword searches did not always yield a
robust set of results. Therefore, the keywords and reference lists of frequently-cited, peer-reviewed academic
texts were used to construct subsequent rounds of search criteria in order to acquire the list of references used
for further analysis.
I was exposed to relevant grey literature as a result of my relationship with IGRAC and through contact with
experts in a range of fields related to groundwater governance at congresses such as Stockholm World Water
Week and the Earth System Governance Conference; meetings and consultations for projects conducted by
the Global Environment Facility and the Dutch Scientific Research Council (NWO); and academic training
courses such as those offered by CERES (a full list of congresses, projects and trainings is available in front
matter). Grey literature was produced by experts in (ground)water governance, organizations specialized in
(ground)water governance issues and projects specifically dedicated to (ground)water governance research.
Common sources include the World Bank, Global Environment Facility, United Nations, and International
Groundwater Resources Assessment Centre. Additionally, publications from national organizations
specialized in groundwater including the German Geological Survey (BGR), British Geological Survey
(BGS) and United States Geological Survey (USGS) were used. Conducting the literature review showed that
there is no common terminology for researching various aspects of groundwater governance. It also showed
that both academic and grey literature make significant contributions to the body of knowledge on
groundwater governance.
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2.5.4

Assembling a Groundwater Governance Database

In the initial stages of research, I gathered all the groundwater laws at the global, transboundary and national
levels as the basis of my data analysis. At that time, preliminary literature review and information available
in the IGRAC Global Groundwater Information System (GGIS) indicated that there were eight relevant laws
at the global level, five at the transboundary level and over eighty at the national level (nearly a third of
which were not available in one of the research languages). The main criteria for including documents in the
analysis was that they needed to be considered ‘soft law’ or ‘hard law’ documents and that they needed to
explicitly include groundwater resources in their scope. However, the initial data analysis indicated that these
criteria needed to be broadened in order to accurately characterize the normative architecture for groundwater
governance.
At each geographic level, slightly different criteria, based on information gathered from a more
comprehensive literature review, were used to expand the search. At the global level, literature indicated that
there is an inherent link, and sometimes a dependence between groundwater resources and other natural
resources (e.g. wetlands) and that (ground)water resources are increasingly ‘glocal’ in character (see 1.2). As
such, global environmental conventions governing water-related resources and climate were included in the
database.
The transboundary level became the regional-transboundary level, since there were four regional laws
dealing with groundwater or groundwater-related environmental resources. At this level, there was indication
that groundwater governance was occurring in more transboundary aquifers than the five commonly cited in
literature. With the help of IGRAC staff and other groundwater professionals, I was able to identify an
additional fourteen instances of groundwater governance that were occurring by way of projects, within the
context of international river basin organizations or through informal legal agreements, such as Memorandum
of Understanding.
At the national level, expanding the search to also environmental laws and policies that explicitly include
groundwater in their scope resulted in over 170 countries having laws relevant for the analysis. Several
countries had multiple documents relevant to groundwater and roughly 40 countries’ documents were not
available in the research languages. A key source for the national-level documents was the UN Food and
Agriculture Organization’s legal database (Food and Agriculture Organization of the United Nations (FAO)
2015).
Gathering the documents according to the aforementioned criteria significantly expanded the number of
documents being assessed and at the completion of the database assembly, there were sixteen global level
documents, over one hundred transboundary level documents, and 180 national level documents available in
English, Spanish, French or Arabic. The references for these documents are available in Annex C. Country
participation in the global, regional and transboundary laws, policies and programs is in Annex D.

2.5.5

Content Analysis

This thesis used content analysis to systematically synthesize sections of text into categories based on explicit
coding rules or protocols (Berelson 1952; Crowley and Delfico 1996; Krippendorff 2012). The purpose of
content analysis is the systematic examination of informational materials (Jenner et al. 2004). It originated
from the communications discipline but is now used across the social sciences including the analysis of legal
and legislative texts (e.g. Nelson 2012). A key advantage of the content analysis approach is that it devises a
replicable method of identifying the attributes of the set of texts. It allows categories to arise out of the
literature or empirical data inductively and to be applied deductively (Mayring 2000).
Critiques of content analysis state that it does not adequately capture ‘latent contents’ (Altheide and
Schneider 2012; Jenner et al. 2004; Mayring 2000) such as those that might be captured with traditional legal
analysis or discourse analysis. However, neither of these methods suit the objectives of this thesis, as
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discussed in 1.4.2 and 2.2. Further, filtering out latent content is actually advantageous in my research
approach, since the overall goal is to draw out the core normative content of groundwater governance
documents through the analysis of the principles therein.
This research analyzed the governance documents from the database (i.e. law, policies, and projects) using
the approach depicted in Figure 2.2. Doing so, provided relevant findings for three elements of the
conceptual framework: identifying principles, assessing performance via legal pluralism, and drawing
conclusions regarding redesign for sustainable and inclusive development. The analysis occurred in four
main steps, which had to be slightly altered when examining data from different geographic levels because of
varying types of data inputs and availability. For the international, regional/transboundary, and national
levels the steps were executed as follows. First, the abductive model of category development and application
was applied. Principles emerging from the literature review (i.e. deductive categories) were identified in the
documents. Simultaneously, potential additional categories (i.e. inductive categories) were noted. Additional
rounds of review of the texts were required to capture all inductive and deductive categories and code them
(see Figure 2.2). The iterations resulted in clear coding criteria for each category (see Annex E). Second, the
document codes were grouped in categories, referenced geographically (i.e. TBA or country), and imported
into statistical analysis software and a GIS for further analysis.
Figure 2.2 Process Diagram for Determining Categories in Content Analysis
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For the global and transboundary levels, content was tracked in a simple spreadsheet. However, the volume
of data produced during the national level analysis required use of a qualitative analysis software (Atlas.ti). I
was only able to code documents available in English and Spanish myself. Documents in French and Arabic
were coded by translators under my direct guidance and supervision. This coding process resulted in nearly
fifty potentially emerging principles being identified inductively, namely being present in the texts
themselves but not yet identified in legal scholarly literature (see Chapter 4). These potential principles were
not further analyzed but are used as points of reflection in Chapter 10, see Table 10.1. After several iterations
of refining the coding and re-checking the documents, the aggregate results were exported from both the
spreadsheets and qualitative analysis software into a quantitative analysis software and a spatial analysis
software for further analysis.

2.5.6

Spatial Analysis and Mapping

I used a Geographical Information System (GIS) and statistical analysis software to visualize the spatial
distribution of groundwater resource problems globally and analyze spatial patterns in groundwater
governance frameworks at multiple geographic levels. GIS is capable of spatially analyzing and visualizing
many types of data from many sources and is used to help understand and identify spatial and geographic
relationships, patterns and trends. To apply GIS, I converted the results of the content analysis into
quantitative metrics, processed and imported the data into a database (Microsoft Excel), and visualized the
data spatially using ArcGIS 10.0. The rational for using GIS mapping for this analysis was threefold. The
first motivation for using GIS is to analyze and visualize large amounts of data collected at different
geographic levels and the spatial patterns therein. Second, it draws upon first efforts to integrate qualitative
data with GIS (Knigge and Cope 2006; Kwan and Ding 2008) as well as previously completed statistical
analysis of legal concepts (La Porta et al. 2008). Third, mapping serves as a tool for reflection regarding the
production and management of spatial knowledge and data (Baud et al. 2014).
Within the GIS software, the results of the content analysis were integrated with two maps for visualization: a
transboundary aquifer map and a country boundary map. Combinations of graduated colors and symbols,
unique values and dot density were used to show relationships between multiple types of data. The
symbology of various attributes was also adjusted to include solid colors, stripes and hashes in the cases
where this added clarity to the visualizations.
To supplement the information communicated using the maps, additional visualization tools were necessary
(Monmonier 1996; Tufte 2001). The statistical software was used to create these complementary data
outputs. Within the software, all principles were given binary codes concerning their presence in the
groundwater governance texts: 1 for present and a 0 for absent. The counts of these codes were generated in
groupings per geographic level/region and per dimension of sustainable development. The resulting
histograms, timelines, and contingency tables complement the spatial visualization in order to bring out
additional patterns that otherwise would not be seen.

2.5.7

Case Study

Purpose of Case Study
A case study is an “empirical enquiry that investigates a contemporary phenomenon (the “case”) in-depth and
within its real-world context, especially when the boundaries between phenomenon and context may not be
clearly evident” (Yin 2014: 6). This research uses a layered, single case study design. Some researchers
believe single case studies lack generalizability and external validity (Easton 2010; Ragin 2014).
Nevertheless, a single case study gathers multiple sources of information during an in-depth and holistic
investigation (Creswell 2012), while also contributing to the conceptual validity in the study of complex
phenomena (George and Bennett 2005), such as governance. It does so by considering contextual factors that
cannot be taken into account using quantitative methods. This is consistent with George and Bennett’s (2005)
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idea of contingent generalizations or mid-range theories. Yin (2014) further contends that findings from
single case studies can be used to generalize towards theories.

Case Selection
Given the multi-level nature of this research, using a transboundary groundwater resource as a case study
served to assess the interaction of several groundwater governance frameworks within a single
hydrogeological context. Given that only one transboundary aquifer was selected from several cases
available, the aquifer is not representative of the world of possible cases but rather an illustrative case of how
governance regimes develop and evolve. It is particularly useful in understanding how governance regimes
may cause groundwater change. It also enables research to trace how the particular regime is performing
against pre-defined criteria for effective groundwater governance. The location, aquifer size, number of
aquifer states, rigor of groundwater governance frameworks, and importance of actors at various levels were
considered during selection. Language and potential to access information were also taken into consideration.
As such, the Stampriet Transboundary Aquifer Systems (STAS), divided across Botswana, Namibia, and
South Africa, is the case study presented in this research (see maps in Chapter 1).
The STAS was selected because of its specific attributes and challenges, but also its potential
representativeness for other transboundary aquifers across the globe. First, many large transboundary aquifers
are located in arid climates and have human populations reliant on them as the sole source of water supply.
Second, there are numerous transboundary aquifers where the groundwater volumes are not equally
distributed among the countries and there are severe data limitations in one or more states. Third, many
transboundary aquifers face challenges with respect to asymmetric uses between states and shifting
demographics as is the case between the STAS states. Fourth, the STAS is potentially being depleted, which
is also the scenario for an increasing number of transboundary aquifers in the world. Fifth, formal governance
mechanisms are in the early stages of development and informal governance frameworks are operating.

Desk Study
Prior to completing fieldwork in the STAS, a search for existing information and literature was conducted via
a desk study. The majority of documentation regarding the STAS was related to the hydrogeological
characteristics of the aquifer, specifically the Namibian portion. There was no peer-reviewed academic
literature available regarding the socio-economic conditions in the aquifer or groundwater governance in the
research area. Consequently, key information resources included a 2008 report from the German
Development Agency (Alker 2008), a report from the Japanese Development Agency (2002), and a 2014
report from the United Nations Educational, Scientific, and Cultural Organization (UNESCO) (2014). The
former focused on groundwater governance in transboundary aquifers around the world, one of which was
the Stampriet. The latter was written in preparation for a Swiss Development Agency Project on governance
and management of the STAS. While valuable, these resources and the others evaluated did not paint a
complete picture of the hydrogeology or ecosystems services, the existing normative framework, or the
potential for sustainable and inclusive development. Therefore, data gathering at the aquifer level was
necessary to answer the research questions posed.

Interviews
Interviews with various stakeholders on the ground were a key method used for data collection and validation
because they elucidated the characteristics of existing and/or emerging governance frameworks. Purposive
sampling and snowball sampling methods guided the selection of interviewees. In purposive sampling,
interviewees are selected on the basis of specific characteristics rather than as a randomized representation of
a given population (Tongco 2007). Snowball sampling is driven by referrals from interviewees that are in the
population or area of interest and includes interviewees that otherwise would have been excluded using
purposive sampling (Atkinson and Flint 2001; Biernacki and Waldorf 1981). Purposive and snowball
sampling are used in tandem to reduce the biases inherent in both techniques and increase validity.
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The criteria used for interviewee selection during purposive sampling were expertise in (ground)water
governance and/or groundwater resources management, involvement in relevant projects or initiatives
(including policy processes), and geographic, sectoral, and disciplinary diversity. The expertise criterion was
determined on the basis of seniority in current and past employment, participation in ongoing and past
initiatives, and in some cases publication history. Targeted groups included academics, practitioners, and
officials from governmental and intergovernmental agencies. All interviews were semi-structured in format
to enhance freedom in expression and viewpoints over that of a fully structured interview (Bryman 2012).
There were 60 semi-structured interviews conducted between May and June 2015 - 42 were selected via
purposive sampling and 18 via snowball sampling. A coded list of interviewees, their professional
backgrounds and country of residence at the time of interview are available in Annex F.

Analysis Procedure
The case study was analyzed using the conceptual framework presented. Data from relevant governance texts
was indexed and catalogued to the extent possible in accordance with the system used described in the
discussion on content analysis above, as were new governance principles unique to the Stampriet context.
Interview data was analyzed to identify linkages to the findings from the content analysis as well as to
highlight common threads that revealed new information. Findings of the case study were then linked to the
broader literature. Gaps and overlaps that exist between the concepts and the empirical case were elucidated
to understand how the analysis and result might be useful in another context.

2.5.8

Ethical Considerations

I considered and reflected upon ethics with respect to my dual affiliation with the University of Amsterdam
and IGRAC which is a UNESCO Category II Centre located in Delft, Netherlands. IGRAC funded my
research and provided office space for me during my research. They also supported my presentations at
several conferences (see front matter) and facilitated my workshops attendance for UNESCO and GEF
projects related to my research. As a result, I was in close and consistent contact with a range of groundwater
professionals throughout the world. Although I did not formally interview my colleagues or persons I met in
these contexts as part of my methodology, I did take note of their various insights and perspectives as well as
the emerging and common discourses in these contexts. When attending events and workshops, I always
disclosed that I was undertaking doctoral-level research regarding groundwater governance and often
received suggestions regarding my research, which also likely had an influence on me, my methods, and the
conclusions I draw from my analysis. As I became more integrated into this epistemic community, I felt that
my notions of groundwater problems and groundwater governance shifted away from a pure focus on the
sustainable use of groundwater resources themselves and towards understanding the underground
consequences of above-ground activities (see 10.5). Undoubtedly, this shift has affected this research project
in ways that I am perhaps still unaware of.
In addition to the ethical considerations taken while in Amsterdam and Delft, I took additional and specific
considerations into account during my fieldwork. I understand that my position as an outsider and of United
States nationality, who was only entering the research context briefly, played a role in my interaction with
those who supported my efforts. I also recognize that my affiliation with IGRAC and an ongoing Swiss
Agency for Development and Cooperation (SDC) and UNESCO project on the Stampriet Transboundary
Aquifer System (see 8.1) affected how my work was perceived in and of itself and in light of each country’s
own priorities and objectives within the context of the project. To some extent, the dynamics became similar
to those faced by action researchers. From the outset, I established myself as a PhD researcher studying
groundwater governance in the Stampriet. I indicated that my methods and analysis would occur outside of
the context of the SDC and UNESCO project but if requested by the countries, could supplement the findings
of the project if desired. This information was explicitly communicated in writing and/or in-person. At the
beginning of each interview, I indicated that all interviewees would remain anonymous and asked for consent
to interview them, take notes, and record the interview. Many interviewees did not want to be recorded but
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all agreed to note taking. I then described the objectives of my research, the aims of my fieldwork and
indicated that my findings would be made available to them in digital or hard copy format at the conclusion
of my research.
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Chapter 3. Contextualizing Groundwater Problems
INTRODUCTION

3.1

“Sustainability requires human systems that are concordant at appropriate scales with the
ecosystems to which they are related.” Cleveland et al. (1996: 3)
In this chapter, I elaborate upon the physical properties of groundwater resources that are relevant for this
thesis, outline the natural and anthropogenic causes and consequences of groundwater change, and discuss
the implications for groundwater governance. This chapter aims to answer the subsidiary question: How does
an intimate knowledge of groundwater resources provide insights into how governance frameworks
should be arranged? The chapter first elaborates on the natural and anthropogenic drivers/causes of
groundwater change (see 3.2). Then it lays out the dominant characteristics of groundwater, namely storage,
flow, pressure and quality (see 3.3). It goes on to discuss groundwater at a biophysical resources scale and
the ways in which groundwater resources can be spatially delineated (see 3.4). Next, it describes the
ecosystem services of groundwater (see 3.5). Then the inferences link these four elements together and
discuss their implications for groundwater governance (see 3.6).

3.2

THE DRIVERS OF GROUNDWATER PROBLEMS

If not properly governed, human activity can cause or exacerbate groundwater problems through mechanisms
called drivers. First I will define the term drivers as used in this research and discuss some key drivers
individually based upon whether they contribute directly or indirectly to groundwater problems (Levy et al.
2012). Drivers refer to the causes of a problem and there are two types: direct and indirect drivers. Direct
drivers directly affect the behavior of a local actor to engage in groundwater abstraction, contamination, or
land use changes that might affect recharge. Indirect drivers influence the direct drivers and thus have an
indirect effect on groundwater problems. Drivers can be distinguished from human behavior in that drivers
influence the motivations behind the behavior. Section 3.2 shows the direct and indirect drivers of
groundwater uses and the geographic levels at which they occur.

3.2.1

Direct Drivers

There are two direct drivers that are also overlying in that they might affect the degree to which other drivers
manifest themselves. The first is the presence or absence of infrastructure and the second is asymmetrical
access to or demand for groundwater.
Infrastructure is considered overlying because, in most cases, groundwater cannot be accessed without it.
Further, the presence or lack of other types of infrastructure may influence the use of groundwater or increase
potential contamination of groundwater (Crosgrove and Cosgrove 2012; Gupta and Pahl-Wostl 2013). The
absence of piped, municipal water or water for irrigation supply may drive users to install their own wells
(Shah 2009). Further, poorly constructed sanitation systems located in recharge areas can result in
groundwater contamination. Since groundwater infrastructure is mostly local, infrastructure is predominantly
a subnational issue. Yet, the Disi transboundary aquifer and the Botswanan portions of the STAS are
examples of groundwater infrastructure being a transboundary and national-level driver, respectively (see
6.2.2 on the Al-Saq/Al-Disi Transboundary Aquifer and Chapter 8 on the STAS).
In terms of asymmetrical access or demand, users with drastically differing needs for groundwater or with
different levels of access can trigger a ‘pumping race’ wherein groundwater is overused in the present
because availability might be limited in the future (Hoogesteger and Wester 2015). Property rights may also
affect access when private land ownership or other forms of land tenure allow owners to
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Table 3.1 Drivers of groundwater problems at multiple geographic levels
Global

Regional-TB

National

Subnational

Key References

DIRECT
Individuals, household, and subsistence needs
resulting in pumping and pollution
Services provision by local authorities resulting in
pumping and pollution
Small-scale and commercial agriculture resulting in
pumping and pollution

Braune and Adams 2013a, c; Jarvis et al; 2005 c, d, Shah 2009c, b; Moench 2003c, d

X

X

X

X

Braune and Adams 2013a, c; Moench 2003c, d; Jarvis et al. 2005 c,d

X

Braune and Adams 2013a, c; Siebert et al. 2011; Hoogesteger and Wester 2015c, d;

X

X

Pumping and pollution by industry (e.g.
manufacturing, energy, mining, bottled water)

X

X

X

Braune and Adams 2013a, c; Crossgrove et al 2012a, d; Gupta and Pahl-Wostl 2013a, d;
Dore et al. 2012a, d; Söderbaum and Tortajada 2011a, b; van der Gun et al. 2012b, c;
Moench 2007b, c;

Land use strategies of different actors and how it
affects recharge

X

X

X

Braune and Adams 2013a, c; Foley et al. 2005; Betelaan et al 2003 b, c; Rajan
et al. 2006 b, c

Natural changes in available water quality

X

X

X

Taylor et al 2005c; van Steenbergen 2006c

Natural changes in available water quantity (e.g.
drought or flood)

X

X

X

Crosgrove et al 2012a, d; Peters et al 2005c; Villholth et al 2013c, b

INDIRECT
Climate change

X

X

Culture affecting access rights and pollution behavior

X

X

Gupta and Pahl-Wostl 2013a, d; Vrba et al. 2006a, c; Taylor et al 2005c

X

X

Crosgrove et al 2012a, d; Cullet and Gupta 2009b, c; Sophocleus 2000a, c, e

Demography (population growth and migration and
how this affects groundwater access)

X

X

X

X

Economy (the focus on economic growth without
taking water limits into account)

X

X

X

X

X

X

X

X

Crosgrove et al 2012a, d; Hoff 2009a, d; Söderbaum and Tortajada 2011a, d

X

X

X

Braune and Adams 2013a, c; Gupta and Pahl-Wostl 2013a, d; Hoff 2009a, d; Sebastian
and Warner 2013a, d

X

X

X

Foster and Chilton 2003a, c; Foster and Garduño 2013a, c; Shah et al. 2012c, b

X

Zeitoun et al. 2009a, c; Zeitoun and Warner 2006c, b

X

Braune and Adams 2013a, c; Moench 2003c, b; Sebastian and Warner 2013a, b

X

Crosgrove et al 2012a, d; Gupta and Pahl-Wostl 2013a, d; Söderbaum and Tortajada
2011

International trade (e.g. ‘globalization’ or trade in
virtual water)
Non-groundwater policies on agriculture,
manufacturing, mining, energy, spatial issues, trade,
and economic growth
Culture affecting access rights and pollution behavior
Political dynamics between states

X

X

Poverty
Technology
a references drivers specifically
b reference causes generally

X
c references groundwater specifically
d references water generally

Crosgrove et al 2012a, d; Gupta and Pahl-Wostl 2013a, b; Dore et al 2012a, b; Hoff 2009a,
d

Crosgrove et al 2012a, d; Gupta and Pahl-Wostl 2013a, d; Hoff 2009a, d; Söderbaum and
Tortajada 2011a, d

e references ‘attitudes’ or ‘beliefs’
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“capture” groundwater so long as it is flowing under the land – known as the “rule of capture.” For example,
household users may pump and store groundwater if they fear agricultural uses will deplete the resource
(Braune and Adams 2013); nearby property owners or even neighboring countries may try to out-pump each
other in the absence of an agreed upon allocation regime (Jarvis et al. 2005). As such, this driver can occur at
both transboundary and subnational levels and has significant implications for sustainability and inclusivity.
Two drivers fit under the broad umbrella of fulfilling municipal or rural water supply and sanitation services:
household uses (drinking water, sanitation and hygiene) and subsistence agriculture. While the volumes of
these uses are relatively small compared to industrial uses, they still constitute important drivers. They can
contribute to poverty eradication (Moench 2003), on the one hand, and to the cumulative problems of
overexploitation and contamination (e.g. Braune and Adams 2013 with respect to Sub-Saharan Africa) with
respect to Sub-Saharan Africa), on the other. Since transboundary or local groundwater resources may supply
users, this driver is relevant across all these levels.
National industries as well as the trade in products produced by those industries are key drivers of
groundwater problems (Gupta and Pahl-Wostl 2013; Söderbaum and Tortajada 2011). National industries
relying upon groundwater might include commercial agriculture and large-scale animal husbandry
(Crosgrove and Cosgrove 2012; Dore et al. 2012); mineral extraction including petroleum (Braune and
Adams 2013); production of geothermal energy (Margat and van der Gun 2013); and see Box 3.1 below r.e.
production of bottled water and beverages (Rodwan 2015). National industry is relevant at the transboundary
level and below while international trade is also relevant at the global level.
Box 3.1 Corporate Privatization's Role in Industry-Driven Groundwater Use
Since 2000, scholars as well as environmental justice and human rights activists have drawn increasing attention to
the food and beverage industries’ large-volume groundwater abstractions. Notable instances of depletion have
occurred in the US (Nestlé in Michigan – see Bednarz 2007) and India (Uttar Pradesh – see Drew 2008; Ghoshray
2006; Hills and Welford 2005; Coca-Cola in Rajastan - see Karnani 2014) as well as salinization in Tanzania
(SABMiller – see Alter 2009). Others attempts at privatization have been deterred due to public outcry (see Glennon
and Rogers 2007 r.e. bottled water in Wisconsin). In each of these cases, local, state and federal laws regarding
(ground)water rights have been structured in such a way that companies that either purchase land overlying
groundwater resources or drill a well for the purpose of ‘beneficial use’ (i.e. enhancing the local economy via
industry) have unlimited rights to pump groundwater. In the case of the US, some of the rights regimes were
developed before clear understandings of the relationship between surface and groundwater, or they were only
designed to protect navigation and not environmental integrity (see Bednarz 2007). Nevertheless, in exercising these
rights, companies have been able to pump groundwater at a rate of roughly 1,000 liters per minute eventually reducing
flows to related ecosystems and often effecting the availability of public water supplies.
Land grabbing - defined as “acquisitions or concessions that are one or more of the following: (i) in violation of
human rights, particularly the equal rights of women; (ii) not based on free, prior and informed consent of the affected
land-users; (iii) not based on a thorough assessment, or are in disregard of social, economic and environmental
impacts, including the way they are gendered; (iv) not based on transparent contracts that specify clear and binding
commitments about activities, employment and benefits sharing, and; (v) not based on effective democratic planning,
independent oversight and meaningful participation” (International Land Coalition 2011 Tirana Declaration: Article
4) – has also become synonymous with (ground)water grabbing (see generally Rulli et al. 2013). As of 2013, land
grabbing affected at least 62 countries on all continents except Antarctica with over 145 billion cubic meters grabbed
(Rulli et al. 2013: 893). According to Pearce et al. (2012), groundwater depletion often constitutes water grabbing
from future generations.

Not all drivers of groundwater problems are solely anthropogenic. Anthropogenic activity can shift the
groundwater resources out of their natural equilibrium and result in permanent depletion or contamination
(see 3.3). Natural changes in available water quality and quantity can occur because of climatic or tectonic
shifts. Climatic shifts such as increased frequency or duration of droughts and floods can have several
consequences for groundwater. First, drought may result in reduced recharge and lowered groundwater tables
(Peters et al. 2005; Villholth et al. 2013). Further, it can result in salinization of groundwater resources and
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put certain areas at risk from mobilization of arsenic or fluoride (Taylor et al. 2013; van Steenbergen 2006).
With respect to tectonic movements, earthquakes can lead to groundwater level variations or create hydraulic
connection between two resources that were not previously connected and might open up a formerly potable
resource to contamination (Claesson et al. 2004; Malakootian and Nouri 2010), even affecting the microbiota therein (Galassi et al. 2014). Also, a resource that previously yielded substantial volumes of
groundwater may no longer do so as a result of the geology becoming fractured or split (Rojstaczer and Wolf
1992).

3.2.2

Indirect Drivers

A key group of indirect drivers includes non-groundwater policies and scientific/technological advances
occurring at all geographic levels. At the global level, such drivers include development policies such as the
human right to water, the MDGs (through 2015), and SDGs (post-2015) having the potential to affect
regional-transboundary and national law and policies (Crosgrove and Cosgrove 2012). The regional and
national levels also include non-groundwater policies regarding surface water use (potentially conjunctive
use), agriculture and food security, trade, land use and land tenure and economic development (Foster and
Chilton 2003; Foster and Garduño 2012; Shah et al. 2012). In particular, the goal of poverty eradication has
the potential to increase access to, and utilization of, groundwater resources (Braune and Adams 2013;
Moench 2003). It can also drive economic activities that could result in unsustainable (ground)water use
(Sebastian and Warner 2013). Similar to poverty eradication, the goal of economic development may also
result in land use changes that can reduce groundwater recharge or have the potential to contaminate
groundwater (Braune and Adams 2013; Gupta and Pahl-Wostl 2013; Hoff 2009; Sebastian and Warner
2013).
Technology facilitates agricultural intensification and enhances the users’ ability to drill deeper wells,
indirectly driving groundwater use (Crosgrove and Cosgrove 2012; Gupta and Pahl-Wostl 2013; Söderbaum
and Tortajada 2011). Political dynamics can hinder joint groundwater governance between states and
potentially exacerbate the direct driver of asymmetrical access or demand (Zeitoun et al. 2009; Zeitoun and
Warner 2006).
Cultural and demographic shifts can also be indirect drivers of groundwater problems. Attitudes regarding
access and allocation, wasteful use of resources, and public responsibility regarding environmental quality
can result in behaviors that drive excessive use or contamination (Crosgrove and Cosgrove 2012; Cullet and
Gupta 2009; Sophocleous 2000). Cultural attitudes are considered to be primarily national in character
although they may have a regional dimension as well. Demographic shifts such as migration, population
growth and localized increases in population density via urbanization can occur at all geographic levels and
add stress to groundwater resources by increased withdrawals(Crosgrove and Cosgrove 2012; Dore et al.
2012; Gupta and Pahl-Wostl 2013; Hoff 2009).
Climate change, ‘the economy,’ and international trade are indirect drivers that are most difficult to grasp as
they both operate across all geographic levels and are extremely complex in origin and consequence. The
effects of climate change on groundwater have been discussed in Section 1.2 and were shown to potentially
affect available groundwater volumes and groundwater quality (Girman et al. 2007; Gupta and Pahl-Wostl
2013; Taylor et al. 2013). Further, human behavior might shift or adapt in anticipation of these effects,
ideally resulting in conservation but potentially resulting in overuse. With regard to the economy and trade,
distortion of markets and demands for groundwater-intensive products can occur through subsidies as well as
preferential or ‘free-market’ trade regimes. These can indirectly drive groundwater problems if they boost
demand and production in the agriculture and extractive industries, particularly if these demands are the
result of market distortions or exclusion of environmental costs in pricing (Crosgrove and Cosgrove 2012;
Gupta and Pahl-Wostl 2013; Hoff 2009; Söderbaum and Tortajada 2011).
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3.3

GROUNDWATER’S PHYSICAL CHARACTERISTICS

A broad definition of groundwater is water that has completely saturated the openings (fissures and/or pores)
of the earth’s subsurface geological formations (Fitts 2002). Groundwater is distinct from water in the
subsurface more generally, in that it excludes water in partially saturated soil. In many places, groundwater is
just beneath the land surface and in others it is far below, out of the reach of even the most advanced drilling
technologies. Groundwater in its natural state has three origins: meteoric origins from participating in the
hydrologic cycle (Chilton 1996; Conners 2013; Margat and van der Gun 2013); connate origins from being
trapped deep below land or sea surface during marine sedimentation (Chilton 1996; Meinzer 1923); or
magmatic origins from steam being captured in magma during volcanic activity. Groundwater formed
through the latter two of these processes has little interaction with the hydrological cycle. However, by way
of geological or human-induced activities, these types of groundwater may mix and/or become part of the
hydrological cycle when they previously were not. For example, deep groundwater originating from volcanic
activity could be pumped to land surface and discharged into a river. Groundwater resources have four
dominant natural characteristics: storage (i.e. volume of groundwater), flow, pressure, and quality. They are
discussed individually here, although in reality, they are all closely linked. As such, these relationships are
highlighted briefly after the individual descriptions.

3.3.1

Storage

For groundwater, storage is its dominant property, whereas flow is dominant for surface water (Foster,
Chilton, et al. 2013). Groundwater storage volumes significantly exceed those of surface water and serve as a
critical buffer to climate variability since these volumes are less likely to shift as a result of variations in
rainfall or other climatic factors. Different types of geological formations have different potential for storage.
Alluvial formations that were created as a result of sedimentation from rivers typically have the highest
ability to store groundwater, are the most easily exploited and replenished as they often have a hydrological
relationship to a surface water body. Hard rock formations originating from volcanic activity typically have
much lower storage volumes because the very slow geological process of weathering must occur in order to
open up space for groundwater to be stored. Thus, formations created as a result of volcanic activity, such as
small islands, are much less likely to have large groundwater reserves available to them – noting that the
older and/or larger the island is, the more groundwater resources are likely available.

3.3.2

Flow

Flow is also a key property of groundwater. While a relatively small proportion of groundwater actively
participates in the hydrological cycle compared to its total volume (Foster, Chilton, et al. 2013; Gleeson et al.
2012), these volumes are significant, being over three times that of surface water (Gleeson et al. 2015). In
most situations, groundwater has a low flow velocity, moving between 0.01m and 10m per day (Foster,
Chilton, et al. 2013). Therefore, groundwater residence times (i.e. amount of time spent in storage) can range
from decades to millennia under natural conditions. Flow direction and velocity are key factors (in
combination with storage) in determining how quickly groundwater might be replenished at a particular
location and/or how quickly groundwater contamination might spread. Direction and velocity are determined
by gravity (e.g. the slope of a particular geological formation) and the degree to which groundwater is
flowing through open or connected spaces. For example, alluvial formations are relatively well connected
and would replenish or contaminate quickly while volcanic formations would replenish slowly and likely
only have localized contamination.

3.3.3

Pressure

Another key feature of groundwater is pressure. Groundwater contained within a geological formation exerts
pressure upon this formation and to some extent stabilizes it. If groundwater is removed, the pressure reduces
resulting in compaction of the formation. Depending on the formation and degree of dewatering this process
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can be irreversible and permanently decrease the groundwater storage capacity of the formation. The process
of compaction of the formation can also cause the land to sink, also called subsidence, resulting in damages
to infrastructure and habitat (Domenico and Schwartz 1998). In coastal areas, abstraction of fresh
groundwater can result in salt water intrusion because seawater will enter the geologic formation due to
reduced pressure from fresh water (Margat and van der Gun 2013). Another key feature related to pressure is
that it is one of the distinguishing characteristics of unconfined and confined portions or layers of
groundwater resources. The unconfined portions or layers are those into which water seeps from the ground
surface directly into the resource. To access this groundwater, it must be pumped up to the surface as there is
no natural pressure. Confined portions or layers that are overlain by an impermeable layer prevents water
from seeping into the groundwater resource from the ground surface located directly above. Instead, water
seeps in from further away where the impermeable layer does not exist. Because of its impermeable cover,
this groundwater is under pressure. When a well is drilled in a confined portion or layer, the pressure is
relieved and the water level rises in the borehole to a level above the height of the layer where the
groundwater is stored (Nonner 2010). This is called artesian groundwater and artesian wells. In some cases,
the pressure in the confined portion or layer may be so high that the water level rises even above ground
surface. Such boreholes are called flowing artesian wells. Artesian wells have the benefit that they require
less or in case of flowing artesian wells even no energy to access groundwater, but they pose a specific
groundwater management challenge to avoid wasting of groundwater and unnecessary depletion of the
resource.

3.3.4

Quality

Geogenic contamination (i.e. contamination that originates from geological processes as opposed to
human activity) limits the potential for groundwater to meet basic human needs in many locations (see
1.2). Arsenic and fluoride compounds are often imbedded in the geology of certain aquifers. In certain
areas, arsenic is contained in the rock formations storing groundwater. Several natural characteristics of the
subsurface environment such as temperature, acidity, presence of sulfur and metal oxides, and velocity of
groundwater flow can affect arsenic mobility. Human activities that increase acidity such as mining, or
change groundwater flow patterns such as pumping, can also increase arsenic mobilization (Tuinhof et al.
2006). Continental rifts, margins and islands that have volcanic geology can have high concentrations of
fluorine. Acidic groundwater and groundwater with long residence times, especially in deep aquifers, can
mobilize fluoride (Feenstra et al. 2007).
Saline groundwater has two origins: meteoric and connate. Saline groundwater of meteoric origin often
occurs in arid and semi-arid areas where there is insufficient rainfall to recharge the aquifer for long periods
of time, so salts collect in the solid. Then during major rainfall events, they are recharged along with surface
water. Connate groundwater is very old sea water that was trapped in deep aquifers as a result of tectonic
processes like the shifting of continental plates (Weert et al. 2009). Fresh groundwater can become naturally
salinized through saline intrusion. Saline intrusion is often human induced but can also occur as a result of
rising sea levels and/or natural reductions in groundwater pressure in coastal areas due to geological shifts.
The transboundary aquifers and countries with geogenic contaminants are shown in Map 1.3 and Map 1.5.
The maps indicate that coastal, semi-arid and arid environments tend to be susceptible to salinity problems,
while fluoride and arsenic risk appear to have a more random spatial distribution as a result of it being
associated with faulting. However, these two types of risk are closely related to local and regional geology
(see 1.2). Nevertheless, most countries, with the exception of those in Central Africa, Northern Europe and
Western Asia and a few others are affected by more than one type of geogenic contamination.

3.3.5 Drivers and Groundwater Characteristics
This subsection highlights how the drivers that result in groundwater pumping can affect one or more of the
four key groundwater characteristics just discussed. Under ‘steady state’ or equilibrium conditions - when
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there are no outside disturbances - groundwater recharge will always equal groundwater discharge over the
long-term, even if this is hundreds or thousands of years. However, abstraction from wells can (1) induce
recharge by pulling water into a well more quickly than it would normally recharge and/or (2) reduce natural
discharge or pulling water away from where it would normally discharge. Pumping can also affect
groundwater levels by creating a ‘cone of depression.’ For example, a well drilled to 20 meters’ depth in
areas where the groundwater level is 10 meters deep will eventually pull groundwater downwards towards
the bottom of the well and nearby groundwater levels will drop (see Figure 3.1). This drop may cause nearby,
shallower wells to become dry. Should the well pump beyond the amount recharged, there would be lack of
water pressure in the pore space the groundwater previously occupied and permanent depletion would occur.
Over pumping can also trigger the release of geogenic contaminants, such that when and if groundwater is
recharged it is of degraded quality. In locations with fossil groundwater, where there is no meaningful
recharge on a human time-scale, any extraction is synonymous with a permanent depletion of resources and
is referred to as ‘groundwater mining’ (Foster and Loucks 2006; Gleeson et al. 2012). From this brief
description, it is clear that issues of groundwater storage, flow, pressure and quality are intimately linked.
Figure 3.1 Effects of Groundwater Pumping

Source: Altaner, 2012

3.4

GROUNDWATER AT A BIOPHYSICAL SCALE: DEFINING GROUNDWATER UNITS

There are six types of spatial units to delineate groundwater resources: (1) groundwater basins (WHYMAP
2008); (2) global groundwater regions (International Groundwater Resources Assessment Centre 2004); (3)
groundwater provinces (Meinzer 1923); (4) aquifers (Arago 1834); (5) groundwater bodies (European
Parliament 2000); and (6) groundwater flow systems (Toth 1963). Groundwater basins, regions and
provinces will only be discussed briefly as they are not used in any known governance texts, possibly
because their geographic areas are considered too large for sufficiently tailored governance and management
frameworks. Aquifers, groundwater bodies and groundwater flow systems are co-existing and sometimes
competing conceptualizations of groundwater resource units in that they emphasize different attributes of the
resource in their application. Aquifers focus on the structure of the geological formation; groundwater bodies
on the relationship between the hydrogeological and administrative scales; and groundwater flow systems on
how groundwater moves in the subsurface.
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3.4.1

Groundwater Basins, Regions and Provinces

The German Geologic Survey (BGR) has mapped groundwater basins based on the characteristics of the
geological formations and their recharge potential (WHYMAP 2008). Alluvial formations have the highest
potential for storage and flow (see 3.2) and are thus considered ‘major groundwater basins.’ If these
formations have been highly altered by geologic activity, impeding storage or flow, they are considered
‘complex’. Volcanic or other hard rock formations that have been weathered are considered ‘local and
shallow’ (see Map 3.1). IGRAC (2004) has identified 36 groundwater regions according to dominant
hydrogeological features and ‘overall groundwater setting’. They can be roughly divided into four groups:
basement regions, which are shallow with limited groundwater storage; sedimentary basin regions, which can
go to considerable depth and potentially form large reservoirs; high-relief folded mountain regions, where
groundwater occurs sporadically at varying depth but can yield good quantity water; and volcanic regions
where only specific areas are capable of transmitting groundwater (van der Gun et al. 2011). The BGR
groundwater basins and IGRAC regional aquifers are overlain in Map 3.1 showing that these groundwater
regions primarily coincide with alluvial basins as key groundwater reserves. Groundwater provinces – first
conceived by Oscar Meinzer (1923) - can be seen as a subdivision of these groundwater regions and are one
sixth of their size on average. There are 217 groundwater provinces, which possess more homogeneous
characteristics than the regions and represent ‘geographical zones.’

3.4.2

Aquifers

The aquifer concept is widely adopted by hydrogeologists globally as the preferred unit for assessment and
management. It has also gained significant traction in the legal and social sciences as the preferred unit of
governance. However, there is no agreed upon definition of an aquifer used across fields (see Box 3.2).
Box 3.2 Differing definitions of the ‘aquifer’ concept
HYDROGEOLOGICAL DEFINITIONS
 A saturated permeable geological unit that can transmit
significant quantities of water under ordinary hydraulic
gradients (Freeze and Cherry 1979).
 A saturated bed, formation or group of formations
which yields water in sufficient quantity to be of
consequence as a source of supply (Walton 1970).

LEGAL AND SOCIAL SCIENCES DEFINITIONS
 A subsurface layer or layers of rock or other geological strata
of sufficient porosity and permeability to allow either a
significant flow of groundwater or the abstraction of
significant quantities of groundwater (European Parliament
2000).
 A permeable water-bearing geological formation underlain by
a less permeable layer and the water contained in the saturated
zone of the formation (ILC Draft Articles 2008).

In this thesis, I define aquifers as underground geological formations that are permeable, saturated and waterbearing (Domenico and Schwartz 1998; Freeze and Cherry 1979; adapted from Walton 1970). A less
permeable layer also underlies them. Aquifers are hydrologically contiguous and are adjacent, horizontally
and vertically, to geological formations that either do not contain groundwater (unsaturated zones) or are not
capable of transmitting groundwater in significant quantities (aquitards and aquicludes). Aquifers range in
areal extent from a less than ten to more than a million square kilometers and range in thickness from a few
to thousands of meters. They can exist as an isolated single unit, but are often hydraulically connected to
other aquifers - horizontally or vertically - forming aquifer systems. A single system may include multiple
types of aquifers.
Two main types of aquifers are commonly referenced: unconfined and confined. There are also semiconfined and perched aquifers. Each of these types may or may not receive contemporary recharge from
meteoric waters. If an aquifer does not receive such recharge, it is considered to contain ‘fossil groundwater.’
However, in this research, the word ‘type’ is regarded as a misnomer. In general, typologies are fixed. The
‘types’ assigned to aquifers are often relative rather than fixed and depend on how the boundaries of the
aquifer are delineated. Recharging confined aquifers provide a good example. Confined aquifers are portions
of the formation that are overlain by a low-permeability layer, which prevents recharge from entering the
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aquifer vertically from above (Fitts 2002; Margat and van der Gun 2013). Nevertheless, these aquifers can be
recharged horizontally through a hydrologically connected unconfined aquifer. In unconfined aquifers,
groundwater is in direct contact with the atmosphere and can be recharged by water percolating through soil
pores (Fitts 2002; Margat and van der Gun 2013).
These two types of aquifers are then distinguished through delineation and depending on the purpose of the
delineation, it may divide the aquifer’s confined area and unconfined area, making distinct unconfined and
confined aquifers; or it may include both confined and unconfined areas, making the aquifer semi-confined
(see Figure 3.2). Therefore, this thesis will reference unconfined and confined areas of aquifers when this is
the most appropriate hydrogeological characterization. In contrast, perched aquifers are localized, shallow
pockets of water surrounded by non-water bearing geological formations and are much more fixed in their
conceptualization. These aquifers are particularly important resources on small islands where they may
compose a significant amount of the available, fresh groundwater.

Figure 3.2 Stylized Image of Confined and Unconfined Aquifer

Source: National Groundwater Association, 2010

This discussion demonstrates that the conceptualization of aquifers and aquifer systems is rather subjective.
First, defining the boundaries of an aquifer is a function of data availability, technique, approach, training and
perhaps even tradition. One hydrogeologist may identify an aquifer system and the other might identify a
single aquifer. One hydrogeologist may draw the aquifer boundaries stopping at the confined portion of the
aquifer while another may expand the boundary to include the recharge area – making it semi-confined.
Thus, aquifer delineation is an output of spatial knowledge construction generated through specific processes
involving specific actors (see Baud et al. 2014) - typically hydrogeologists but also potentially politicians and
policy makers. Further, the delineation and definition of the aquifer plays a critical role in determining the
governance framework necessary for its sustainability.

3.4.3

Groundwater Bodies

The European Union (EU) refers to ‘groundwater bodies’ for monitoring and managing the qualitative and
quantitative status of groundwater and attaining ‘good quantitative and qualitative status’ for all groundwater
bodies by 2015. The EU Water Framework Directive (WFD: Art. 3) defines a body of groundwater (a.k.a.
groundwater body) as “a distinct volume of groundwater within an aquifer or aquifers,” which can be
domestic or transboundary. However, groundwater bodies are management units, not necessarily hydrologic
units - aquifers can be divided into groundwater bodies or groundwater bodies can contain multiple aquifers
(see Map 3.2).
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3.4.4

Groundwater Flow Systems

In 1963, József Tóth (1963) undertook the delineation of ‘groundwater flow systems.’ He argued that
groundwater systems have dynamic and changing boundaries and are nested going from local to regional in
size. Using groundwater flow systems helps establish a relationship between observed water quality in
surface water resources and land uses in groundwater recharge areas, and the resulting water quality in
groundwater discharge areas and wells (Falkenmark and Allard 1991). Given, that this concept emphasizes
the flows of groundwater, some hydrogeologists prefer this concept, particularly for studies of groundwater
quality (van der Gun et al. 2011). It also has practical applications in nature and restoration planning in
addition to well protection (Batelaan et al. 2003; Puckett et al. 2002). Yet this concept could also be useful in
understanding how transboundary groundwater flows relate to issues of depletion and allocation.

3.4.5

Drivers and Groundwater Units

Selecting the spatial unit of groundwater resources determines the relevant drivers of groundwater problems
at that scale and thus how the groundwater problem is defined. Human activities may be affecting
groundwater resources at different lateral extents, depths, with different flow patterns, and different levels of
connectivity to other surface or groundwater resources. For example, if agricultural expansion is driving
increased pumping from the confined portion of an aquifer it is important to understand that a connected,
unconfined aquifer might also be affected. However, simply delineating the aquifer as confined may result in
the potential groundwater problems being defined too narrowly. Similarly, pollution of transboundary
aquifers may not necessarily result in transboundary transport of the contamination. Thus, defining the
pollution as a transboundary problem may be inappropriately broad and negatively affect the relations
between the relevant stakeholders without merit.

3.5

ECOSYSTEMS SERVICES OF GROUNDWATER

To clearly link the physical characteristics of groundwater with the human and environmental benefits
associated with them, this research engages the ecosystems services concept. The ecosystem services concept
has been progressively developing for over a century (Mooney et al. 1997); its prevalence in academic
literature has been increasing since the late 1970s. The concept was introduced to describe the ‘public
benefits’ ecosystems provide and to integrate ecology and economics to explain the consequences of human
activities on nature and human welfare (Braat and de Groot 2012; Farber et al. 2006; Foster et al. 2003;
Nahlik et al. 2012). Given the economic component of the concept, research around the valuation of nature's
services/ecosystem services has also proliferated (Fisher et al. 2009). The numerous initiatives centered on
the ecosystems services concept have also led to an abundance of identified functions, classification
frameworks, and definitions of ecosystem services (de Groot et al. 2010; Fisher et al. 2009; Wallace 2007).
However, the definitions and classifications provided by the Millennium Ecosystems Assessment (MEA)
(Millennium Ecosystem Assessment 2005) and Aylward et al. (2005) are used in this research. The MEA
states that “[e]cosystem services are the benefits people obtain from ecosystems” (Millennium Ecosystem
Assessment 2005) and they are classified as provisioning, regulating, supporting and cultural services. The
four classifications are defined as follows:
(1)
“Provisioning services are the products people obtain from ecosystems, such as food, fuel, fiber,
fresh water, and genetic resources.
(2)
Cultural services are the nonmaterial benefits people obtain from ecosystems through spiritual
enrichment, cognitive development, reflection, recreation, and aesthetic experiences.
(3)
Regulating services are the benefits people obtain from the regulation of ecosystem processes,
including air quality maintenance, climate regulation, erosion control, regulation of human diseases, and
water purification.
(4)
Supporting services are those that are necessary for the production of all other ecosystem services,
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such as primary production, production of oxygen, and soil formation (MEA, 2005, Chapter 1: 29).”
[emphasis added]

3.5.1

Provisioning and Cultural Services of Groundwater

The provisioning and cultural services of groundwater can be broadly grouped into the categories of fresh
water for basic needs (drinking water, cooking and hygiene); fresh water for food production; water for
energy production; and waters for recreation, health and aesthetic values. Approximately 25% of the global
population fulfills their basic needs using groundwater (Machard de Gramont et al. 2011) and 50% use
groundwater as their potable water supply (Margat and van der Gun 2013; Mechlem 2003). There are also
1.7 billion people that may intermittently use groundwater as a secondary source because they live in
overdrawn river basins. While groundwater is of great importance in arid and semi-arid areas, there are many
countries with abundant surface water supplies that use groundwater for their drinking water including
Denmark and the Netherlands, which use 100% and 80% respectively. And although groundwater is
frequently associated with rural water supply, it is also the source of approximately 50% of municipal water
supplies.
Large proportions of groundwater withdrawals support commercial uses for commercial food and energy
production. Groundwater irrigates roughly 100 million hectares of land and 43-65% of commercial crops
worldwide (Machard de Gramont et al. 2011; Siebert and Burke 2010). Asia and North America make the
bulk of agricultural withdrawals, with the United States, India and China the most dependent on groundwater.
Also, a rapidly growing portion of withdrawals are for bottled water. In 2014, global bottled water
consumption grew more than 6%, totaling more than 74.7 billion gallons (282.8 liters) (Rodwan 2015).
Nearly 40% of industrial water withdrawals are from groundwater, a large proportion is for geothermal
energy production (Zektser and Everett 2004). Geothermal heating of buildings, greenhouses, fish farms and
thermal baths uses groundwater with temperatures ranging between 30° and 90° C. Higher-temperatures can
be used to generate electricity. Geothermal energy is projected to grow rapidly as 39 countries could
potentially use geothermal groundwater to meet all of their energy needs (Holm et al. 2010).
Groundwater also creates opportunities for recreation; has therapeutic uses and adds to the aesthetic value of
various ecosystems. Karstic groundwater formations develop as a result of a unique geologic process in
which surface water infiltrates carbonic rock and forms caves, tunnels and crevasses. Recreational activities
occurring in these formations such as spelunking are made possible by groundwater. Karstic landscapes are
also heralded as some of the most beautiful on earth. Examples include the Plević Lakes in South East
Europe and the Karst Mountains and caves in southwest China. Further, groundwater with high mineral
content and/or thermal properties is used for balneology and consumed for the purposes of prolonging life.
The Katsu Hot Springs of Japan and the mineral waters of Karlovy Vary in the Czech Republic are well
known examples.

3.5.2

Regulating and Supporting Services

Regulating and supporting services for groundwater result from the groundwater in and of itself and from the
interaction between groundwater and other parts of ecosystems. Two key supporting services of groundwater
are its role in soil and land stabilization and its role in sustaining ecosystems. Groundwater also feeds many
ecosystems and a sub-set of those are groundwater-dependent including wetlands, terrestrial flora and fauna,
springs, rivers and near-shore marine systems. Aquatic and plant species from these ecosystems can be used
for human consumption, medicine, fuel and infrastructure. These ecosystem’s levels of groundwater
dependence vary based on volume of flow, level, pressure, and quality of groundwater (Margat and van der
Gun 2013). Numerous ecosystems worldwide are almost completely dependent on groundwater (i.e.
groundwater-dependent ecosystems) and approximately 1.7 billion people live in locations where these
ecosystems are being threatened (Aeschbach-Hertig and Gleeson 2012).
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Attenuation of contamination is a key regulating service groundwater provides. While the filtration potential
of soil is well known, groundwater itself contains microorganisms that can decompose human pathogens and
organic wastes (Herman et al. 2001). Consequently, Herman et al. (2001) propose three groundwater biomes
that each have particular microbial compositions: (1) shallow, porous aquifers, (2) karst aquifers, and (3)
deeper groundwater. Managed aquifer recharge (MAR) techniques can take advantage of these biomes’
regulating services in order to alleviate the consequence of contamination from socio-economic drivers.
Groundwater also provides regulating services with regard to climate. It both contributes to and buffers
against global change phenomenon, such as sea-level rise and climate variability, respectively. Groundwater
pumping and its subsequent overland discharge has contributed to 12.6 mm sea-level rise between 1900 and
2008 (Konikow 2011) with 0.25 mm (±0.9 mm) of that occurring between 1990 and 2000 (Wada et al. 2012).
Groundwater discharge is also expected to make significant contributions to sea level rise in the next 45
years. Although groundwater extraction contributes to sea level rise, the integrity of groundwater resources
can also be threatened due to increases in salt water intrusion.

3.5.3

Drivers-Ecosystems Services Feedback Loop So far, I have provided an overview of

groundwater resources problems (see 1.2), discussed how human activities can change the natural
characteristics of groundwater (see 3.3) and possibly cause these groundwater problems (see 3.3), discussed
the ecosystems services groundwater provides to humans by way of these natural characteristic (see 3.5) and
the human activities and behaviors that drive groundwater problems (see 3.2). Consequently, this research
will explore the relationship between drivers of groundwater problems, characteristics, ecosystem services
and definitional issues. This discussion will build upon the approach of Gupta and Pahl-Wostl (Gupta and
Pahl-Wostl 2013: 53) which presents “policies as influencing indirect drivers; which shape direct drivers;
affecting who gets which [ecosystems] service, how much and for how long; thus, contributing to human
well-being.” Additionally, a real-life example is provided in Box 3.1 with the purpose of showing how these
various aspects of groundwater problems relate to each other.
Drivers at a specific geographic level (e.g. various human activities or specific hydro(geo)logical
phenomena) can lead to global groundwater resource problems, namely over-abstraction, pollution, or
reduction or contamination of recharge. However, the delineation of groundwater resources (i.e. the selection
of the unit of management) determines how these problems are defined and at what level they are addressed.
For example, defining groundwater only with respect to a linkage with a surface water resource may ignore a
larger groundwater system and important impacts to that system. Therefore, the definition of the groundwater
resource problem may be inappropriately narrow. Nevertheless, once the problems are defined they can be
linked to the particular changes in groundwater characteristics occurring as a result, such as reduced storage
and/or pressure and reduced discharge to critical groundwater-dependent ecosystems. The changes in
character can potentially shift, reduce or eliminate ecosystems services, resulting in unsustainable and noninclusive outcomes – severe over pumping can limit access to people with sufficient capital to drill deeper
wells while simultaneously causing permanent depletion. Since groundwater’s ecosystems services are in fact
what allows anthropogenic drivers to exist in the first place, there is a feedback loop, where some shifts in
ecosystems services may result in new drivers being introduced into the cycle (e.g. the pumping race).
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Box 3.3 Driver Ecosystems Services Feedback Loop in India
Groundwater depletion in India is a well-known and well-documented case of unchecked drivers. Massive and
wide-spread exploitation of groundwater began in the 1970’s. It was driven by a non-water policy intervention
aspiring to increase food security – an agricultural energy subsidy. Over the next 30 years, farmers throughout
the country extracted groundwater resources and they were well within their rights under the 1882 Indian
Easements Act, which allows land owners unrestricted use rights (Aguilar 2011). In this case, the main
groundwater problem was over-abstraction, which has occurred to such an extent that it can be measured from
space (Rodell et al. 2009).
Comparing the responses of communities in Sangpura and Saurashtra, Gujarat, shows how the changes in
groundwater characteristics, ecosystem services and the occurrence of new drivers can result in the feedback
loop turning positive or negative. In both these communities, the problem of over-abstraction resulted in loss
of storage and pressure. The consequence for ecosystems services was reduced access to groundwater due to
dropping groundwater levels and increased health risks and damage to crops due to saltwater intrusion from
the coast (Aguilar 2011; Shah 2000). In 2005, Gujarat introduced legislation under the 2005 Model Bill on
Groundwater in an effort to counter the drivers of subsidized energy and agricultural intensification. The
legislation increased electricity prices and limited institutional credit for digging tube wells. However, new
drivers came about in both communities.
In Sangpura, the powerful castes could circumvent the state’s legal restrictions because they had sufficient
capital to pay for electricity regardless of increased prices. Thus, not only did groundwater levels continue to
fall, but inequities stemming from the caste system were exacerbated (Prakash and Ballabh 2005). In
Saurashtra, communities started harvesting and recharging rainwater collected during the monsoon season
according to practices from the Hindu sect of Swadhyaya Pariwar (Shah et al. 2012). The state then subsidized
check dams that would increase recharge rates and the communities developed rules that restricted pumping
and protected recharge areas (Van Steenbergen and Shah 2003). As a result, several communities experienced
increased groundwater availability and curbed saline intrusion (Shah 2000; Van Steenbergen and Shah 2003).
In both cases, the original drivers were non-groundwater policy and economic distortion. But new drivers
dominated after groundwater problems and degradation of ecosystems services manifested themselves. In both
communities, culture and economy became dominant drivers - just in different ways. In Sangpura, culture and
economic drivers lead to asymmetrical access, inequity and continued depletion. In Saurashtra, these drivers
lead to collective action, development of community-based rules, and restoration of key ecosystems services.
Note: This text is partially based on Conti and Gupta 2015 (see Front Matter).

3.6

INFERENCES

The discussion of groundwater resources’ characteristics, their ecosystems services and drivers of
groundwater change yields three key conclusions regarding how knowledge of groundwater resources can
provide insights for governance. First, the characteristics of groundwater are different from surface water.
Second, there is a definitional challenge in groundwater governance. Third groundwater governance needs to
address the feedback loop that occurs between groundwater’s ecosystems services and drivers of
groundwater change in order to achieve sustainable and inclusive development.

Differences between Surface Water and Groundwater
Understanding groundwater’s characteristics of storage, flow, quality and pressure also indicates how
differences between surface water and groundwater should be taken into account during governance.
Groundwater typically flows slowly and is stored underground for time periods ranging from tens to
thousands of years compared to surface water storage periods which are on the order of months to years.
Groundwater storage capacity can also be permanently damaged through compression of the subsurface.
Additionally, groundwater recharge may occur relatively quickly over weeks or months or can be so slow
that it exceeds human time scales. As such, groundwater governance needs to account for long storage times
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and slow recharge through principles that facilitate a multi-decadal outlook. Further, the potential for
permanent depletion needs to be directly addressed.
Pressure and geogenic quality are two characteristics that do not have a counterpart in surface water
resources. Considering geogenic groundwater quality is an essential element of groundwater governance that
is not necessary for surface water resources, if groundwater at a particular location is inadequate for drinking
water provision, purification technologies, alternative supplies become critical. If groundwater is in good
condition but is at high risk of geogenic contamination, governance frameworks need to facilitate the
implementation of targeted management techniques that would prevent contamination and carefully monitor
the resources. Maintaining groundwater pressure is an essential component of groundwater accessibility. As
such governance needs to facilitate the protection and maintenance of groundwater pressure, particularly in
artesian systems where users may become careless due to the seemingly free flowing and abundant
groundwater (see 8.2).

The Definitional Challenge
Defining groundwater resources in a way that accounts for its key characteristics is critical because it not
only determines what is being governed – aquifer, groundwater body or otherwise - but also the specific
attributes that will require attention at that scale. But, there are two elements of this challenge. The first is
delineation or drawing the boundary of the resource, the second considering the variable and systemic nature
of groundwater resources.
In some governance frameworks, the delineation challenge is side stepped by simply appending groundwater
resources to surface water resources. An example of this would be a river or lake basin agreement that
includes ‘groundwater’ in its scope without (1) specifying whether resources that overlap geographically but
do not have a hydrologic link are included or (2) indicating how groundwater resource partially outside
boundaries of the surface water basin will be addressed.
In other frameworks, delineation occurs but defines groundwater resources in such a way that their systemic
attributes are (1) artificially separated (e.g. into confined and unconfined aquifers or into individual layers of
a multi-layered system); (2) the flow and pressure dynamics of the resource are ignored (e.g. non-recharging
or artesian aquifers)6; or (3) the inherent quality of the groundwater is discounted (e.g. saline or thermal
groundwater). Thus, subsequent chapters discuss how well existing governance frameworks cope with
resource distortion, in practice.

The Driver-Ecosystems Services Feedback Loop and Sustainable and Inclusive
Development
This chapter’s discussion of drivers shows how humans and nature might directly and indirectly influence
groundwater characteristics and therefore impact ecosystems services. Drivers may increase depletion
because of services such as agricultural production. Drivers may shift recharge dynamics because of land use
changes such as deforestation and desertification. Drivers that increase groundwater abstraction may also
cause contamination by mobilizing geogenic contaminates, while industry-related drivers may increase
anthropogenic pollution.
Groundwater characteristics determine the physical dynamics that result in the ecosystems services of
groundwater. Storage provides regulating and supporting ecosystem services by stabilizing land and soil.
Flow contributes base flows to wetlands and rivers. Flow combined with pressure makes water accessible to

6

Several authors have written about the ‘stagnation’ phenomenon extensively in terms of the negative
consequences it has on groundwater modeling. It is often referred to in literature as the aquifer being
considered a ‘bath tub.’
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humans and ecosystems via springs. Due to its protection from activities at land surface, groundwater is often
readily available in potable quality.
Groundwater governance needs to preserve or enhance all ecosystems services to ensure development now
and in the future. Yet, when humans take advantage of groundwater’s ecosystems services in a sub-optimal
way (i.e. over-utilization, perhaps for the sake of development), they drive changes to these ecosystems.
There is a tendency to focus on drivers and impacts on groundwater’s provisioning and cultural services. Yet,
as discussed in Section 1.1, in many places, enhancing access to these services is still necessary for
sustainable and inclusive development (see 1.1). Groundwater’s supporting and regulating services are also
critical in areas experiencing massive subsidence that threatens urban regions or communities with
livelihoods threatened by wetland losses. Since many drivers are interconnected and occur across geographic
levels, this feedback loop must be addressed in the context of multilevel governance.

Implications for Groundwater Governance
Given that sustainable and inclusive development is the guiding norm for this research, maintaining or
enhancing ecosystems services of groundwater is critical. In order to do that we must understand drivers and
their consequences to the physical dynamics of groundwater. Governance must address these drivers at the
appropriate geographic level. But, the groundwater governance frameworks often function at a different
spatial scale than groundwater. So, selection of groundwater units and understanding of the advantages and
limitation of selecting such units must also be considered in design of groundwater governance frameworks.
Further, selection and design of governance principles must fit the most influential drivers at the appropriate
geographic level and facilitate interaction between the relevant actors, even outside the water sector. This is
particularly important given that many drivers of groundwater problems indicated in Table 3.1 are related to
socio-economics, politics, and land use.
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Chapter 4. Groundwater Governance Principles
4.1

INTRODUCTION

Groundwater governance institutions include many normative principles (see 2.4.2) and are central to
understanding the architecture of groundwater governance. This chapter reviews these principles, their
relationship to each other, and to the drivers of groundwater problems as a means of operationalizing the
second element of the conceptual framework, specifically the identification and analysis of groundwater
governance principles (see 2.5.1). It responds to the subsidiary question: What are the existing groundwater
governance principles; how do they support or undermine each other; and to what extent do they address
the drivers of groundwater problems? First, the concepts of governance principles are defined, elaborated,
and situated within the context of this research (Section 4.2). Next, the chapter develops and explains each
principle (including historical legal origins, legal status, and contestations as applicable) and the rational for
its classification within the dimensions of sustainable development (see 4.3-4.6). Finally, inferences
regarding the role of principles in groundwater governance are drawn (see 4.7). The merits of a best fit
approach for groundwater governance are discussed in Chapter 9.

4.2

CONCEPTS AND APPROACHES TO PRINCIPLES

Considering that principles are a key part of architecture, it is critical that the norms underlying the selection
of principles are also considered as part of the architecture. Legal scholars generally apply the term
‘principle’ to an abstract rule applicable to particular concrete instances’ (Alpa 1994: 1). Therefore, my use
of ‘principle’ includes principles, rights, rules, measures, and procedural principles (Conti and Gupta 2015);
although strict legal positivists may avoid such a grouping. The term principle can also be applied to (1) an
instrument e.g. water quality objectives; (2) an element of a discipline e.g. principles of water law; and (3) a
value e.g. principle of sustainable development (Alpa 1994).
I categorize the principles according to the four dimensions of sustainable development: political,
environmental, social, and economic (see 2.3). The principles may possess the characteristics of multiple
subcategories, in which case a primary subcategory is assigned. The principles are always presented
alphabetically, there is no implicit prioritization in their order. All principles are treated as equal, even though
their status in international law may vary (see 1.4.2). The specific principles analyzed in this research were
identified through both literature review and inductively through review of the groundwater governance
frameworks themselves. Although, this is a functional approach, I acknowledge that actor’s instrument
choice is not just technical but also political (see 1.4.2 ).
This research treats sustainable development and Integrated Water Resources Management (IWRM) as
overarching norms rather than principles, although they can be considered both. As such, they are discussed
here along with the rationale for this treatment. Sustainable development is the overarching norm that can be
operationalized through principles e.g. the principles contained in the 1992 Rio Declaration (Fuentes 2002;
Rieu-Clarke 2000, see Box 4.1). IWRM is a concept included in the 1992 Dublin Principles. It is also a
governance principle that requires coordinated management of water-related resources (Biswas 2004; Global
Water Partnership 2002: 22); incorporation of adaptive measures that can cope with the inherent uncertainties
of environmental systems; and attention to inclusive actions that focus on the socio-ecological dimensions as
well as equity for the marginalized and vulnerable. 7 So not only does it overlap with sustainable
development, but it also introduces potential redundancy into the analysis. Thus, to avoid redundancy and in
line with the approach of Conti and Gupta (2015), the content analysis will not treat sustainable development
or IWRM as individual governance principles.
7

IWRM is included as a principle in the ILA Seoul Rules (1986), UN Agenda 21 (1992), and ILA Berlin Rules
(2004).
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Box 4.1 Sustainable Development as a Legal Principle
Sustainable development is in and of itself a legal principle, the status of which is shifting and debated as it is
determined by the sources of international law including treaty law, jurisprudence, state practice or custom, and
scholarly writings. In terms of practice, the principle of sustainable development has been incorporated into numerous
multilateral treaties following its inclusion in the UN Rio Declaration (1992). With regard to jurisprudence, the
International Court of Justice specifically referenced sustainable development in its ruling of the GabcíkovoNagymaros case between Hungary and Slovakia regarding dam developments along the Danube River in the separate
opinion of Judge Weeramantry (International Court of Justice 1997). Sustainable development is also included
explicitly in the action agenda of the 1992 ICWE Dublin Statement. “Sustainable use” is included in the 1992 UNECE
Convention, its 1999 Protocol, and the ILA Berlin Rules (2004). In 2002, the International Law Association (2002),
which is an epistemic community of legal experts, adopted the New Delhi Declaration of Principles of International
Law Relating to Sustainable Development, indicating that sustainable development is an overarching norm/concept in
the international sphere.

The discussion of principles below is based on Sands and Peel (2012) – especially for principles originating
in environmental law, Rieu-Clarke (2012) – especially for principles originating in water law, as well as the
laws and policies listed in Table 4.2, Table 4.3, Table 4.4 – especially for the emerging principles with lesser
degrees of codification and consensus.

4.3

POLITICAL PRINCIPLES

The principle of common but differentiated responsibilities and respective capabilities (CBDR) includes
three elements. The first element is the common responsibility of states to protect the environment and
society at all geographic levels. The second element is the differing responsibilities of states to address a
particular problem taking into account their contribution to it. The third element is that it is related to the
different capabilities of countries to address these issues. Given these three elements primarily relate to
relationships between actors with respect to a particular problems, CBDR is categorized as political.
However, there are both social and environmental aspects to it as well; social because it may impact
groundwater allocation and environmental because it may impact groundwater resource protection. At the
global and transboundary levels, CBDR refers to the interaction between states regarding transnational and
transboundary issues (e.g. climate change and sharing of transboundary aquifers, respectively). At the
national level, CBDR may be used to reinforce existing interstate commitments and/or intra-state interactions
between subnational actors (e.g. ministries, provinces, or municipalities). The CBDR principle when applied
to groundwater indicates that countries may have contributed differently to the problems of groundwater
contamination and depletion and may also have different levels of resources available to contribute to the
resolution of these problems.
The principle of exchange of information requires states to share scientific and technical knowledge for the
purposes of capacity building and cooperation. A data and information system may also provide stakeholders
access to this information, prevent loss of information, and facilitate data analysis. Thus, this principle would
be applicable to groundwater resources given that states should exchange groundwater related information
with each other and internally.
The principle of notification of emergency situations requires states to notify potentially affected parties
(e.g. individuals, communities, and/or other states) during emergencies such as droughts or accidents such as
industrial spills. It is applicable to groundwater in that waste spills or even geological disasters have the
potential to damage groundwater quality and potentially affected parties would need to be informed.
The principle of the notification of planned measures would require that states potentially affected by the
projects receive advance notification. Potentially affected parties should be informed if there are planned
actions which may impact the state of the groundwater resource, such as diverting a recharging watercourse
or abstracting groundwater during mining.
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The obligation to cooperate requires states to cooperate ‘in good faith’ over international concerns. This
principle is central to groundwater governance as it would require states to interact cooperatively regarding
shared groundwater resources and could potentially form the basis for activities such as joint monitoring or
data sharing.
Peaceful resolution of disputes is embodied in Article 1(1) of the UN Charter, which says that the role of
the UN is ‘to bring about by peaceful means, and in conformity with the principles of justice and
international law, adjustment or settlement of international disputes or situations which might lead to a
breach of the peace’. Further, Article 2(3) requires that states ‘shall settle their international disputes by
peaceful means in such a manner that international peace and security, and justice, are not endangered’. This
principle may be implemented through a dispute resolution body, which would utilize various techniques for
conflict resolution, typically with the consent of the involved parties. Sands and Peel (2012) divide the
available techniques into two types: diplomatic means of dispute settlement (e.g. negotiation, consultation,
mediation, conciliation, fact-finding, non-compliance procedures) and legal means of dispute settlement (e.g.
arbitration or international, regional and domestic courts). Given the hidden nature of groundwater and
general lack of data availability, degradation of groundwater resources could easily occur without causes or
consequences being evident. This could potentially make it more prone to conflict. As such, the peaceful
resolution of groundwater-related disputes at all geographic levels is a critical component of governance.
Early interpretations of sovereignty understood it as ‘absolute territorial sovereignty’, meaning that states are
able to act in accordance with their own will, within their own territory regardless of potential consequences
for other states. A counter principle was that of ‘absolute integrity of state territory’ which enabled
downstream countries to continue to demand the same amount of water they had previously received. This
latter principle has been used in recent international water law. However, international environmental law
shifted this interpretation of sovereignty towards one of ‘limited territorial sovereignty’, wherein sovereignty
actions must not result in transboundary harm. This is further codified in Principle 2 of the 1992 Rio
Declaration, which explicitly includes sovereignty subject to not causing transboundary harm as a single
principle. In this thesis, the sovereignty principle is understood as limited territorial sovereignty, unless
otherwise noted. With respect to groundwater, it could for example require states to avoid abstracting and/or
contaminating groundwater resources in a manner that would have a significant impact on another aquifer
state, such as rapid extraction from non-recharging aquifers; dumping of hazardous wastes in a recharge area
that contributes to transboundary groundwater flows; or hydraulic fracturing (fracking). Nevertheless, the
applicability of the sovereignty principle to groundwater resources has been the subject of debate (see Box
4.2).
Subsidiarity requires that resource governance takes place at the lowest appropriate administrative level. For
example, it would require an aquifer that resides wholly within a province to be managed by the provincial
administration rather than by the national water management agency or by multiple municipalities. It is
relevant for aquifers and groundwater as it helps determine the relationship between the administrative and
resource boundaries in the governance instrument. It may also effect the relationship between surface and
groundwater management.
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Box 4.2 Legal Debates on the Role of Sovereignty in International Water Law
State sovereignty is a central principle in international law (United Nations Charter 1945; United Nations General
Assembly 1963) and has attained customary status. For some time, this principle was interpreted through the lens of
absolute territorial sovereignty (the Harmon Doctrine), which in the water context meant that states could do whatever
they liked with water resources located within their territories. This was countered by the principle of absolute
integrity of state territory. However, the global and transboundary nature of water problems led to a more common
understanding of limited sovereignty, such that states should not harm other states (Trail Smelter case 19388; Rio
Declaration 1992: Principles 2; also see discussion of ‘preventing transboundary harm’ principle below).
Nevertheless, the applicability of the sovereignty principle to groundwater resources has been the subject of debate
among international legal scholars. Some scholars believe that water should not be subject to any type of sovereignty,
particularly in a transboundary context (McCaffrey 2009, 2011; McIntyre 2011) while others believe that water can
be subject to sovereignty given appropriate limits namely preventing transboundary harm, and ensuring the equitable
and reasonable use of domestic and transboundary (ground)water resources (Dellapenna 2011; Eckstein 2007, 2011a;
Eckstein and Sindico 2014; Rieu-Clarke et al. 2012; Yamada 2011).
The 2008 ILC Draft Articles on the Law of Transboundary Aquifers (see 5.2.2) explicitly includes the sovereignty
principle. The commentary indicates that countries were concerned that they would not be able to exert sovereignty
over their groundwater resources in accordance with international custom and wanted to treat it like other ‘similar’
resources such as oil and gas (Eckstein 2007; International Law Commission 2004). Nevertheless, some experts view
this as a reversal of decades of customary water law and the creation of a potential schism in international water law
(McCaffrey 2011; McIntyre 2011; Tanzi 2011). Others argue that the sovereignty text is ‘balanced’ by the provisions
of equitable and reasonable use, no significant harm and the emphasis on the need for cooperative transboundary
aquifer management (Eckstein 2007; Sindico 2011; Stephan 2011; Yamada 2011).

Table 4.1 Status of political principles
NAME OF PRINCIPLE
Common but
differentiated
responsibilities [and
respective capabilities]
(CBDR)

Exchange of information

Notification of emergency
situations (including
accidents)
Notification of planned
measures

8

ORIGINS
1992 Rio Declaration: Principle 7
‘Common responsibility’ is rooted in treaty law,
where various countries have declared shared
natural resources as ‘common concerns.’
‘Differing responsibilities’ in 1972 Stockholm
Declaration and the 1974 Charter on Economic
Rights and Duties of States, among others.
1992 Climate Convention
1992 Rio Declaration: Principle 9
1978 UNEP Draft Principles of Conduct
1986 Legal Principles of the WCED Legal
Experts Group
2001 ILC Draft Articles on Prevention of
Transboundary Harm
1992 Rio Declaration: Principle 18 International
Atomic Energy Agency to response to
Chernobyl
See Sands and Peele 2012; Ramacharan 1991
1997 UN Watercourses
1992 Rio Declaration: Principle 19
1960 Indus Waters Treaty
1966 ILA Helsinki Rules
1977 Mar del Plata Recommendations
1957 Lac Lanoux Arbitration
1997 Gabcíkovo-Nagymaros Case
2010 Pulp Mills Case

STATUS IN INTERNATIONAL LAW
[Customarya, Agreed, Emerging,]
Agreed in some soft and hard law

””

””

””

The Trail Smelter Arbitration was one of the first inclusions of the “no harm principle” to environmental law.
An international arbitral tribunal found Canada legally and financial responsible for damages caused in the US
(AJIL 1939 & 1941). Principle 2 of the Rio Declaration also offers further codification (UN 1992).
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Obligation to cooperate

1992 Rio Declaration: Principle 7
1945 UN Charter: Article 74
1949 Corfu Channel case
1941 Trail Smelter case
1972 the Stockholm Declaration
1982 World Charter for Nature

Peaceful resolution of
disputes

1992 Rio Declaration: Principle 24
1910 PCA
1945 UN Charter, esp. establishing ICJ
1992 Rio Declaration: Principle 2
1945 UN Charter
1928 PCA Palmas Case
1938 ICJ Trail Smelter Case
1972 Stockholm Declaration
1985 Vienna Convention for the Protection of the
Ozone Layer
1963 UNGA
1938 Trail Smelter c
1992 Biodiversity Convention
1992 UNECE Water Convention
1997 UN Watercourses Convention
1939 & 1941 US AJIL
EU law generally

Sovereignty subject to not
causing transboundary
harm

Subsidiarity

Customary
Although “[t]he obligation to co-operate is
affirmed in virtually all international
environmental agreements of bilateral and
regional application and global instruments”
Sands and Peel (2012: 204), its customary
status and consideration as legal obligation
are debated (Reiu-Clark et al 2012; Wouters
2005).
Customary
Customaryb
Applicability to groundwater resources
debated by international lawyers (see Box
4.2)

Agreed in soft and hard law

a

Customary status refers to “the collection of international behavioral regularities that nations over time come to view as binding
on them as a matter of law” (Goldsmith & Posner 1998: 1116).
b See McIntyre 2011, Sands and Peel 2012, 1996 ICJ Advisory Opinion on The Legality of the Threat or Use of Nuclear Weapons

4.4

ENVIRONMENTAL PRINCIPLES

Using the aquifer/basin as unit of management would require water resource management agencies to
operate at the resource scale (e.g. river basin, lake basin, aquifer) for policymaking and implementation as
opposed to the administrative scale.
Water users and managers should use the best available technology and/or technique(s) (BATT) to reduce
harm to groundwater resources from contamination. BATTs can be defined as technologies or techniques in
the latest stage of development which can practically and suitably limit discharges, emissions and waste.
Conjunctive use and management should be used to account for hydrological relationships between surface
and groundwater resources in management and policy decisions.
Invasive species would require water management authorities to take actions to reduce or eliminate the
presence of invasive species that may have a negative effect on (ground)water availability or the health of
groundwater-related ecosystems.
Monitoring of groundwater resources would require governments to establish a network of wells that would
measure the state of groundwater resources (quantity and quality) at regular intervals. Monitoring,
particularly via in situ techniques, is an essential activity for groundwater resources as this is the most
accurate way to assess their state.
Environmental Impact Assessment (EIA) is a process through which decision-makers, and ideally
interested/potentially affected parties, are informed in writing about the potential environmental
consequences of a proposed activity, such as land use changes or infrastructure construction. EIA is also seen
as a governance instrument in addition to being a principle. Conducting EIA’s would allow countries to
account for the potential consequences of any harm a project may cause to the environment, and for the
purposes of this analysis, groundwater (Rio Declaration 1992: Principle 17).
Pollution prevention would require all those using potentially hazardous or harmful materials to prevent
their dispersal into groundwater resources. Specific formulations of this principle may include one or more of
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the following: waste and/or wastewater discharge regulations, water quality standards (including those
specific to the protection of public health), and regulating construction to prevent contamination.
The precautionary principle, as laid out in Principle 15 of the Rio Declaration (1992) states that “[w]here
there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason
for postponing cost-effective measures to prevent environmental degradation.” The precautionary principle is
important to groundwater governance, given the lack of groundwater quality and quantity data for individual
aquifers. If the condition of a groundwater resource is unknown, yet it is currently being utilized by one or
more states, the management approach necessitates a precautionary approach including provisions that
protect the qualitative and/or quantitative status of the resource.
Establishing protected areas for groundwater would limit land uses and activities that would jeopardize the
integrity of groundwater resources. This may include establishing physical barriers around these sensitive
areas, such as national and transfrontier/transboundary parks or even protective perimeters around
groundwater abstraction points. Creating protected areas for groundwater would likely include, but may not
be limited to, protecting recharge and discharge zones. It may also include restricting pumping in areas
susceptible to depletion or mobilization of natural contaminates.
Principle 7 of the 1992 Rio Declaration calls upon states to ‘conserve, protect, and restore’ ecosystems. I
refer to this as the ‘protection and preservation of ecosystems.’ This principle is relevant to groundwater
governance in that it acknowledges that protecting a range of resources, such as forests and rivers, also plays
a role in protecting the quantity and quality of groundwater and vice versa.
Protection of recharge and discharge zones is another type of buffer zone. It would prevent various types
of land uses and activities from occurring in these areas. This would include activities that may either reduce
recharge (e.g. deforestation or paving large areas) or potentially result in contamination.
Treating water as a finite resource requires that (ground)water is governed under the main premise that its
availability is limited. This principle is important for all groundwater since the speed at which it moves
through the hydrological cycle is typically slower than that of other types of water. But it is also particularly
important for fossil groundwater, since it cannot be renewed at that particular location.
Table 4.2 Status of environmental principles
ORIGINS
Basin as unit of
management
Best available
technology and/or
technique(s)
(BATT)

Conjunctive use
and management
Environmental
Impact
Assessment (EIA)

Invasive species
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1966 Helsinki Rules
1997 UN Watercourses Convention
Best available technology:
1974 Convention for the Prevention of Marine
Pollution from Land-based Sources
1992 Baltic Convention
1992 UNECE Water Convention
Best available Technique:
1979 LRTAP Convention
2001 Stockholm Convention on Persistent
Organic Pollutants
1992 OSPAR Convention
2004 Berlin Rules

STATUS IN INTERNATIONAL LAW
[Customarya, Agree, Emerging]
Agreed in soft and hard law
““

Emerging

1992 Rio Declaration: Principle 17
2010 ICJ Pulp Mills
1972 Stockholm Conference on the Environment
1982 UN Convention on the Law of the Sea
1991 Espoo Convention
2003 Strategic Environmental Assessment Protocol
1999 Antarctic Environment Protocol
1992 Biodiversity Convention

Agreed in some soft and hard law
May or may not be customary, see ICJ Pulp
Mills 2010, para 204; Eckstein & Sindico 2014;
McIntyre 2011

1997 UN Watercourses Convention

Agreed in soft and hard law

CHAPTER 4
Monitoring

Pollution
prevention
Precautionary
principle

1959 Antarctic Treaty
1982 UNCLOS
1992 OSPAR Convention
1992 UNECE Water Convention
1997 UN Watercourses

Agreed

1992 Rio Declaration: Principle 15

Agreed in some soft and hard law
May or may not be customary, see Rieu-Clark
et al 2012; McIntyre 2011; Bodansky 2012
Agreed in some soft and hard law

Agreed, often as part of preventing harm

1992 Rio Declaration: Principle 7
Protection and
1982 UNCLOS
preservation of
1997 UN Watercourses Convention
ecosystems
1940 Western Hemisphere Convention
Environmental protection areas generally agreed
Protected areas
for groundwater
2004 ILA Berlin Rules
Emerging
Protection of
2008 ILC Draft Articles
recharge and
discharge zones
1992 Dublin Principles: Principle 1
Emerging
Water as a finite
resource
a Customary status refers to “the collection of international behavioral regularities that nations over time come to view as
binding on them as a matter of law” (Goldsmith & Posner 1998: 1116).

4.5

SOCIAL PRINCIPLES

Capacity building would provide all states and people the education and training necessary to enhance their
understanding of environmental problems and how to address them. Given that groundwater knowledge and
fundamental understanding of the physical dynamics of groundwater resources, as well as the consequences
of their use, is significantly lacking, capacity building is a critical component to participation and decisionmaking in groundwater governance.
Equitable and reasonable use would require waters, especially transboundary waters, to be allocated
equitably and used within reason according to its purpose. The normative implications of this principle are
important for groundwater governance, as it provides an aspirational goal regarding the allocation of
groundwaters.
Box 4.3 Debates regarding the principle of equitable and reasonable use
The equitable and reasonable use principle is complex and debated because the meaning of the words ‘equitable’
and ‘reasonable’ are imprecise conceptually, legally and philosophically. Equity is a key principle in national and
international law (see Sands and Peel 2012). Nevertheless, equitable right to access is not synonymous with equal
allocation. Allocation can be equitable without the volumetric quantities being equal. The 1997 UN Watercourses
Convention and the 2008 Draft Articles lay out factors that should be considered when determining equitable and
reasonable use (e.g. population, contribution to flows/recharge, existing and planned uses, etc.). What constitutes
a reasonable use does not necessarily mean the most efficient or technologically advanced, but rather should be
considered against an ‘objective standard’ (Rieu-Clarke et al. 2012). However, the ability to determine such an
objective standard and whether it could truly be objective is questionable.

The human right to water and sanitation is a legal concept that applies a positive human rights perspective
to accessing safe potable water and improved sanitation resources (see Box 4.4). Groundwater resources
could impact, or be impacted by, actions taken to fulfill any of these rights. In fulfilling the human right to
water and sanitation, an increased abstraction of groundwater resources may be required in order to supply
potable water. Or groundwater may be subjected to increased risk of contamination if improved sanitation
facilities are not properly installed.
A key part of sustainability is ensuring intergenerational equity such that present-day development does not
preclude that of future generations. This is highly important for groundwater since overexploitation can result
in permanently reduced aquifer recharge capacity or can release naturally occurring contaminants. It is even
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more imperative to consider this in the cases of non-recharging aquifers where all extraction constitutes
permanent depletion and reduce availability for future generations

Box 4.4 Debates regarding the content and status of the human right to water and sanitation
In the context of the human right to water and sanitation, the word ‘right’ is used in (international) law. This
confers duties upon both state and non-state actors. The right includes four basic components: availability, quality,
affordability and accessibility (United Nations Economic and Social Council 2003). In other words, any state that
recognizes the human right to water could be legally obligated directly or indirectly to provide water of a high enough
quality to prevent disease and chronic illness and in sufficient quantity to provide for basic needs. If a state fails to
meet this obligation, it’s citizens could take legal action against it. The human right to water has been included
implicitly and/or explicitly in several UN human rights conventions. It has been elaborated in the 2002 ECOSOC
General Comment 15, ‘the 2010 UN Human Rights Commission Resolution on human rights and access to safe
drinking water and sanitation, and the 2010 UNGA Resolution on the human right to water and sanitation. Although
its status as a binding human right has not been settled (Bluemel 2004; Gleick 1998; McCaffrey 1992; Ziganshina
2008), many legal scholars seem to be agree that the right has now evolved into customary international law but there
is jurisprudence to this effect as yet (Obani and Gupta 2015).

Poverty eradication requires countries to take measures to advance the economic standing of those living in
impoverished conditions. Improved access to groundwater resources has been linked to poverty eradication
and economic development more broadly. In many areas, increasing groundwater use would reduce the
burden of water collection, especially for women, so that they can pursue educational and income generating
activities. It could also increase attendance of school children, particularly that of girls and increase
agricultural yields because of the more consistent availability of groundwater resources.
If states are conducting activities that may have negative impacts on individuals, communities or another
states, prior informed consent requires that the potentially affected parties are informed about these impacts
and consent to the proposed activity. Prior informed consent has also been applied to protect the rights of
indigenous peoples as a component of the right to self-determination (Ward 2011). This principle is relevant
to groundwater governance because it would require those engaging in activities that might negatively affect
groundwater resources to disclose the nature of those effects and receive their permission to conduct the
planned activity.
Priority of use originates in Islamic law (see Caponera 2007) and may prioritize vital human needs before all
other uses in water allocation. Such a prioritization may also take the form of a social reserve as a counterpart
to an ecological reserve. Established priority of uses are widely reflected in existing transboundary and
national water law (see Box 4.5). The 1997 UN Watercourses Convention (UNWC) introduced ambiguity
regarding this well-established principle into the global (ground)water governance framework by saying that
there was no priority of use. The move towards the adoption of the human right to water and sanitation
discussed above has, however, clarified that priority should at least be given to those two elements
(Bourquain 2008).
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Box 4.5 Emergence of No Priority of Use
Article 10 of the UN Watercourses Convention states:
“1. In the absence of agreement or custom to the contrary, no use of an international watercourse enjoys
inherent priority over other uses.
2. In the event of a conflict between uses of an international watercourse, it shall be resolved with reference
to Articles 5 to 7, with special regard being given to the requirements of vital human needs.”
In doing so, it rejects the priority of use principle, allows countries to allocate according to their own national
priorities, and in the event of conflicts over uses, requires countries to prioritize ‘vital human needs’. Yet, this framing
is ambiguous in two key ways.
First, vital human needs are defined as ‘sufficient water to sustain human life, including both drinking water and water
required for the production of food in order to prevent starvation’ (ILC 1994: 110). However, this does not include
water for hygiene i.e. household and personal cleaning and washing, which is included in the UN ECOSOC definition
of the human right to water. And it is unclear whether these essential uses would also be considered in implementation
of the UNWC and, if not, doing so could be considered a conflict with human rights law.
Second, the phrase ‘special regard’ could indicate that human needs would “almost certainly” take priority over other
uses unless an alternate source for domestic supply could be identified (Rieu-Clarke et al. 2012: 130). Yet, this special
regard would only be invoked in the case of conflict and legal scholars offer different interpretations of what this
phrase would mean in practical terms (Bourquain 2008).

Public access to information is elaborated in Article 10 of the 1992 Rio Declaration, which states that ‘each
individual shall have appropriate access to information concerning the environment that is held by public
authorities.’ Public access to information is particularly important for groundwater, given that changes to the
resource are rarely observable with the naked eye. Therefore, changes in its quality or quantity that may
affect livelihoods should be publicly available.
The 1992 Rio Declaration and Agenda 21 requires public awareness and education in three key ways,
namely educating children about sustainable development, promoting training of decision makers and local
technicians regarding the environment and environmental services, increasing public awareness through
media and entertainment, and integrating indigenous knowledge into education and training. Public education
and awareness is related to groundwater sustainability because users and regulators would need awareness of
the potential consequences of activities on the resources.
The principle of public participation ensures that all citizens are allowed to contribute to decisions about the
management of groundwater resources, including about matters of allocation. However, it also has a political
element as the quality of participation is dependent on communication and information exchange between
actor groups.
The role of women, youth, and indigenous peoples are discussed in the 1992 Rio Declaration. Although the
1992 Rio Declaration addresses the global community’s responsibilities towards these groups, the rights of
women, youth and indigenous peoples have also been acknowledged in international human rights laws (see
Table 4.4). The 1992 Rio Declaration specifically points to the essential role these groups have in sustainable
development; however, state responsibilities in this regard are articulated slightly differently: women’s
participation in environmental management and development is made ‘essential;’ the creativity, ideals and
courage of youth are to be mobilized; and the identity, culture, interests and participation of indigenous
peoples should be mobilized. Valuing the role of women, youth and indigenous peoples is critical because of
their potential vulnerabilities; these populations should be accounted for in allocation regimes and in design
of projects affecting groundwater resources within their territory.
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Table 4.3 Status of Social Principles
ORIGINS

STATUS IN INTERNATIONAL
LAW
[Customarya, Agree, Emerging]
None

Capacity building

1992 Rio Declaration: Principle 9

Equitable and reasonable
use

Agreed, interpretation debated
(see Box 4.3)

Intergenerational equity

Equity in international law:
1982 Continental Shelf Case
1927 Diversion of the Waters from the Meuse case
1984 Gulf Marine Case
Equity for shared waters:
1997 Gabcíkovo-Nagymaros Case
1997 UN Watercourses Convention
2008 ILC Draft Articles
Water explicitly mentioned:
1979 Convention on the Elimination of All Forms of
Discrimination Against Women
1989 Convention on the Rights of the Child
2002 ECOSOC General Comment 15
2010 UN HRC Resolution on Human rights and access to
safe drinking water and sanitation
2010 UNGA Resolution on the Human right to water and
sanitation
Water implicit/derivative:
1948 Universal Declaration of Human Rights
1950 European Convention on Human Rights
1966 International Bill of Rights
1992 Rio Declaration: Principle 3

Poverty eradication

1992 Rio Declaration: Principles 5 & 6

Emerging

Human right to water
and sanitation

Agreed in hard and soft law, see

Box 4.4

Emerging

1989 Basel Convention on the Control of Transboundary
Agreed
Movements of Hazardous Wastes and Their Disposal
1991 Bamako Convention
2010 Nagoya Protocol to the 1992 Biodiversity Convention
1977 Mar del Plata Declaration
Priority of use
Agreed in hard and soft law
2004 ILA Berlin Rules
2008 ILC Draft Articles
1992 Rio Declaration: Principle 10
Public participation
Agreed
1992 Dublin Principles: Principle 2
2004 ILA Berlin Rules
1992 Rio Declaration: Principle 10
Public access to
Agreedb
1992 OSPAR Convention
information
1993 Lugano Civil Liability Convention
1998 Aarhus Convention
2003 Protocol on Pollutant Release and Transfer Registers
1992 Rio Declaration: Principle 10
Public awareness and
Agreed
1992 Agenda 21: Section 36
education
1987 Montreal Protocol on Substances that Deplete the Ozone
Layer
1989 Convention on the Rights of the Child
2000 Cartagena Protocol on Biosafety
1948 Universal Bill of Rights
Role and rights of
Agreed, esp. in human rights law
1992 Rio Declaration: Principles 20, 21, & 22
women, youth and
1992 Dublin Principles: Principle 3
indigenous peoples
1989 UN Convention on the Rights of the Child
1989 ILO Indigenous Peoples Convention
2004 ILA Berlin Rules
a Customary status refers to “the collection of international behavioral regularities that nations over time come to view as binding on
them as a matter of law” (Goldsmith & Posner 1998: 1116).
b See Partan 1988; Pallemaerts 1991; Smets, 1991; Pallemaerts 2011
Prior informed consent

4.6

ECONOMIC PRINCIPLES

The principle of maintaining an open international economic system has the objective of facilitating
economic growth. It ensures that environmental trade policies are neither discriminatory nor constitute a
“disguised restriction on international trade” (Rio Declaration 1992: Principle 12). This principle also
operates de facto in trade regimes, thereby increasing demand for water-intensive products (Vörösmarty et al.
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2015). Since many internationally traded products are made using groundwater in their production processes,
this principle holds great relevance for sustainable development of groundwater resources. On the one hand,
restricting groundwater use in the production of goods may shift supply or pricing in such a way that it could
negatively impact the trade of those products and reduce economic growth. On the other hand, excluding the
values of groundwater from prices of groundwater-intensive products across the world could shift financial
burdens of groundwater use/depletion onto countries and reduce incentives for ecosystems protection.
The Rio Declaration frames the polluter pays principle as requiring internalization of the costs of
externalities into the operational costs of those who pollute and thus aims to discourage pollution and allocate
responsibility for activities that harm the environment. The polluter pays principle is important for
groundwater governance in that it helps states to protect the quality of their groundwater resources by
requiring those who pollute to pay for the costs of cleaning up their own pollution.
The principle of water as an economic good underlies the other economic principles since it supports
valuation of (ground)water and the benefits it provides in terms of a market economy. It presupposes that
(ground)water has an economic value and thus should be considered an economic good. It also assumes that
understanding the economic value of water will change user behavior. It is closely linked to the user pays
principle, which requires all water users to pay for water services. The 2000 EU Water Framework Directive
(WFD); international organizations such as the UN (1997) and FAO (2003); and the IWRM discourse
generally consider this an important principle of (ground)water governance (Rogers et al. 1998; Savenije and
van der Zaag 2002; Solanes et al. 1999). Further, this principle has underlain the privatization of water and
sanitation services, particularly in developing countries. In practical terms, it has resulted in the proliferation
of water pricing and cost recovery mechanisms as a condition of water and sanitation infrastructure project
funding through development agencies and banks. The World Bank’s Private Participation Infrastructure
Database indicates that since 1990, 64 countries engaged the private sector for water and/or sanitation
services with a total investment of over USD 83 billion since that time (World Bank Group 2016). However,
considering water as an economic good is also debated on two fronts: (1) regarding the equity issues
surrounding cost recovery from poor and marginalized groups (Bakker 2010; Jaglin 2002; Marson and Savin
2015), and (2) the potentially conflicting relationship between cost recovery and the human right to water
(Bakker 2007; Obani and Gupta 2015).
Table 4.4 Status of Economic Principles
ORIGINS
Open international
economic system
Polluter pays

1992 Rio Declaration: Principle 12
WTO and NAFTA generally
1992 Rio Declaration: Principles 13 and 16
1972 European Program of Action on the Environment)
1972 OECD Council Recommendation on Guiding
Principles Concerning the International Economic Aspects
of Environmental Policies
1992 UNECE Water Convention

STATUS IN INTERNATIONAL
LAW
[Customarya, Agree, Emerging]
Agreed in soft and hard law

Agreed in soft and hard law
The principle is highly debated
with regard to its legal status in
international law by several states
and the PCA (Sands and Peel
2012). However, it is considered
applicable in domestic law.
1992 Dublin Principles: Principle 4
Water as an economic
Emerging
2000 EU WFD
‘Commodification’ of water
good
heavily debated in academic
literature (see Bakker generally).
a Customary status refers to “the collection of international behavioral regularities that nations over time come to view as binding on
them as a matter of law” (Goldsmith & Posner 1998: 1116).
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4.7

INFERENCES

This chapter provided a comprehensive overview of the principles of groundwater governance. It shows that
the creation and selection of governance principles are critical to laying a solid foundation for governance
from an institutional perspective. This chapter further presented a range of principles for groundwater
governance that are discussed in the literature as well as included in legal and policy documents. The analysis
results in three conclusions.
First, there are 35 principles related to groundwater governance which have evolved from several areas of
international environmental and water law/policy. They are distributed unevenly across the dimensions of
sustainable development and vary in their status and the extent to which they are specifically targeted at
groundwater. Most principles applicable to groundwater were developed for the environment broadly or for
surface water. Consequently, the principles originating from environmental law are well-accepted with the
exception of a few included in the 1992 Rio Declaration that are not considered part of binding international
law. Water law principles vary in acceptance but are generally designed for sharing water equitably and
environmental protection. The principles are not evenly distributed across the dimensions of sustainable and
inclusive development. For example, there are far fewer economic principles than the other types, although
one could argue that economic principles are implicitly dominant in a neo-liberal world. Groundwater
specific principles are only emerging and may or may not be sufficiently developed or comprehensive.
Second, there are ongoing debates regarding the principles that potentially conflict or undermine each other,
without clear guidance to actors regarding how to reconcile them. Given the principles’ different origins, the
differing extents to which they are agreed upon, and how the relationship between them can result in
tradeoffs, the potential for pluralism is already an indicator. The principles have three conflicting
implications. (1) All people have a right to water, regardless of economic or social standing, yet the costs of
water services should be borne, at least in part, by the user. (2) Economic growth is a by-product of trade and
should not be subject to restrictions based on environmental concerns, but ecosystems should remain
protected for present and future generations. (3) States have the right to conduct their affairs according to
their wishes, yet cannot pursue activities that constitute inequitable use of water resources or result in
transboundary harm. These challenges seem prima facie irreconcilable, yet it is up to state actors to establish
priorities in accordance with these principles. The debated relationships between principles reflect a broader
tug-of-war occurring between the momentum of the neo-liberal paradigm, which underlies the development
and growth discourses, and the push for human rights and inclusiveness, which is gaining prominence in
these same fora.
Third, the differing origins and distributions of the principles may have consequences for achieving
sustainable and inclusive development, if a lack of principles results in drivers of groundwater problems
being unaddressed in governance frameworks. Several social principles lack authority in international law
and the economic principles are underdeveloped, indicating that they may vary in the degree to which they
deal with groundwater specific issues and contemporary challenges facing sustainable and inclusive
development.
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Chapter 5. Groundwater Governance at the Global Level
5.1

INTRODUCTION

Much like other natural resources, groundwater requires carefully designed governance regimes that take into
account complex hydrogeological conditions, drivers of anthropogenic use, ecosystems requirements, and
misfits between political, administrative, and hydro(geological) boundaries. While groundwater is in many
instances regarded as a local resource, taking a global perspective in this chapter has four key justifications:
(a) understanding that the hydrological system, inclusive of recharging groundwater resources, is an integral
part of other global resource systems (see 3.2); (b) acknowledging that global environmental and economic
changes extend beyond national and regional geographic levels (see 3.3); (c) recognizing that local
phenomena, such as overexploitation of groundwater resources can produce cumulative effects amounting to
global-scale changes that require a global response (see 3.4); and (d) seeing that direct and indirect effects of
(ground)water management decisions can have global consequences (see 3.4 and Vörösmarty et al. 2015).
This chapter analyses the normative architecture of global groundwater governance by analyzing law and
policy documents. The contents of these texts reflect the formal outcomes of interactions between national
governments, but also the inputs of non-state actors present as observers (Dellapenna and Gupta 2008).
Hence, this chapter examines the current status of global groundwater governance and its related normative
framework through the subsidiary questions: (1) How have groundwater governance frameworks evolved at
the global level? (2) How are hydrogeology, ecosystems services and the drivers of groundwater problems
taken into account at the global level? (3) Which groundwater governance principles have been included in
these governance frameworks at the global level? (4) How does legal pluralism manifest at the global level?
(5) How can current designs of the normative architecture become consistent with sustainable and inclusive
development at the global level?
In response, this chapter first provides a brief account of the evolution of (ground)water governance at the
global level, drawing on my previous work (Conti 2015), while assessing the evolution and current status of
the global groundwater governance framework through a review of laws and policies (see 5.2). Next, using a
legal pluralism approach it discusses the current state of groundwater governance by exploring the patterns in
principles used (see 5.3). Then it analyses the potential for the framework to contribute to sustainable
development in light of the drivers of groundwater problems and the patterns (see 5.4). And finally, the
subsidiary questions for this chapter are answered and inferences are drawn (see 5.5).

5.2
5.2.1

EVOLUTION OF GLOBAL GROUNDWATER GOVERNANCE
Overview of the Global Governance Framework

The codified norms of global groundwater governance stem from developments in treaties on rivers and
aquifers, legal codes prepared by legal scholars, adjudication on water issues, as well as national and regional
water laws. At present, the primary purpose of global groundwater governance is to ensure that
transboundary groundwater resources are equitably and peacefully shared between states and that no
significant transboundary harm to the resource or persons utilizing it occurs. There are 16 laws and policies
related to groundwater. The agreements that were negotiated at the global level or are globally applicable are
assessed here, notwithstanding that they would actually be applied to the governance of groundwater
resources at the transboundary level. Some of them are binding global conventions; non-binding declarations
or goals agreed upon by countries; or non-binding legal rules developed by scholarly communities; and
documents with indeterminate legal status. Nevertheless, all have relevance to groundwater governance
which is discussed in more detail in the following section.
The international codification of principles for governing international rivers began in the early 20th century.
The non-governmental organization – the International Law Association (ILA) - developed the non-binding
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Helsinki Rules on the Uses of the Waters of International Rivers [Helsinki Rules] (ILA 1966) as a first step
towards codifying all customary international law on transboundary waters (Dellapenna 2011; Mechlem
2003). In 1971, the Convention on Wetlands of International Importance Especially as Waterfowl Habitat,
[Ramsar Convention] (UNESCO 1971), was adopted, for the purpose of protecting highly-sensitive and
important wetland ecosystems, many of which rely on groundwater discharge. One year later, the Declaration
of the United Nations Conference on the Human Environment [Stockholm Declaration] (1972) launching
global environmental governance by addressing human-environment interactions discussed water resources
in the Preamble and Principle 2. The Mar del Plata Action Plan and Recommendations [Mar del Plata] (1977)
emerged from the world’s first water conference and encapsulated the existing normative framework for
water resources management. It also mentioned groundwater in the sections on water supply for human
consumption and agricultural use. The ILA’s non-binding 1986 Seoul Rules on International Groundwaters
[Seoul Rules] (1986) was the first text where aquifers – rather than groundwater – were the subject.
Consequently, the Seoul Rules represent the first compilation of norms for all types of transboundary
groundwater resources.
The 1992 UN Conference on Environment and Development yielded three key texts that have a notable
contribution to the normative framework of groundwater governance: (1) the United Nations Declaration on
Environment and Development [Rio Declaration] (UNCED 1992a), (2) the United Nations Framework
Convention on Climate Change [UNFCCC] (UNFCCC 1992), and (3) the United Nations Convention on
Biodiversity [UNCBD] (UNCED 1992b). The Rio Declaration further developed the Stockholm principles
(Dellapenna and Gupta 2009) and provides authoritative global policy guidance on sustainable development
relevant to all environmental resources, including groundwater. The UNFCCC was the first global
convention seeking to mitigate the impacts of climate change, many of which are related to the hydrological
cycle. Along a similar vein, the 1994 United Nations Convention to Combat Desertification in Those
Countries Experiencing Serious Drought and/or Desertification, particularly in Africa [UNCCD] (UNGA
1994) was adopted to address the negative impacts of land use change and climate variability on food
production, socio-economic opportunity and water resource sustainability.
In the 1990’s there were also legal developments specifically related to water. In 1992, the regional legallybinding UNECE Convention on the Protection and Use of Transboundary Watercourses and International
Lakes was adopted. Although originally a regional Convention, it is discussed here because amendments to
Articles 25 and 26 allow all UN member states to accede to this Convention (UNECE 2003) making it global
in scope. Its Protocol on Water and Health (UNECE 1999) protects human health and well-being by
improving water management. In February 2014, the UNECE adopted Model Provisions on Transboundary
Groundwater Management (Model Provisions). They “provide practical guidance” and “offer assistance” to
the parties so they can create agreements for groundwater sustainability, management and protection
(UNECE 2014: 4). In 1997, the UN General Assembly (UNGA) adopted the UN Watercourses Convention.
This closed the UN’s International Law Commission’s (ILC) 30-year process that was inspired by and built
upon the Helsinki Rules. As of 2014, it is in force and binding upon all 35 ratifying parties. However,
aquifers that lack hydrological connection to surface water remain outside of the scope of the UN
Watercourses Convention.
In the 2000’s, the international legal community started to include all types of groundwater in the scope of its
texts. In 2004, the scholars in ILA adopted the non-binding Berlin Rules on Water Resources [Berlin Rules]
to update the Helsinki Rules which includes codified and customary international law applicable to water
resources and applied it to all international waters (Dellapenna 2011). It includes a unique dedicated chapter
on groundwater and suggests the rules are applicable both to transboundary and national resources insofar as
these are linked (ILA 2004b). Then in 2008, the UNGA adopted a Resolution on the ILC’s Draft Articles on
the Law of Transboundary Aquifers [Draft Articles] (ILC 2008). The contents of the Draft Articles are still
being debated in the UN General Assembly and there has been no further development of the law of
transboundary aquifers at the global level as of December 2016.
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Most recently, there has been progress regarding the human right to water and sanitation and sustainable
development. The UN Human Rights Commission and UNGA adopted two separate resolutions on the
human right to water and sanitation in 2010 (UN HRC 2010; UNGA 2010), both recognizing the human right
to water and sanitation as a composite right linked to other human rights, such as the right to life and human
dignity. In September 2015, the UN member states adopted the SDGs (UN SDGs 2015). The SDGs build
directly upon the structure of the 10 Millennium Development Goals (MDGs 2000) and expand to 17 Goals
with 169 targets, many of which are directly related to water resources (see Figure 5.1).
Figure 5.1 Timeline of the Development Global Governance Framework

5.2.2

Current Status of the Global Groundwater Governance Framework9

This section elaborates on the current status of the groundwater governance framework. These laws and
policies share certain attributes and differ in other characteristic, the analysis of which is the subject of the
subsequent sections.

The Helsinki Rules on the Uses of the Waters of International Rivers (ILA Helsinki
Rules), 1966
In drafting the ILA Helsinki Rules, legal scholars made a first step towards the formal codification of rules
for managing international fresh waters. The document defines its scope as ‘International Drainage Basins,’
namely a “geographical area extending over two or more States…including surface and underground waters
flowing to a common terminus.” This includes groundwater that is hydrologically connected to a
9

This section draws upon research presented in Conti, K. I. and J. Gupta (2016), “Global governance principles
for the sustainable development of groundwater resources,” International Environmental Agreements: Politics, Law
and Economics, Vol.16 (6), pp. 849-781.
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transboundary surface water resources and flows into a common discharge area such as the ocean or a lake;
but, it excludes several other forms of groundwater (see Table 5.1). It describes how states should interact
regarding human uses, contamination, navigation, timber floating, dispute prevention and resolution, and
information exchange. However, it does not set up an implementation process or body, a financing
mechanism, nor strict guidelines for groundwater allocation. Although it is a non-binding text, it includes
both substantive and procedural principles, focused on equitable utilization and dispute resolution and
prevention in accordance with state practice of international law. States further developed and integrated
these principles into the legally-binding 1997 UN Watercourses Convention (see below), thus increasing their
legitimacy. Furthermore, a revised and more updated version of the Helsinki Rules was prepared in the 2004
Berlin Rules (see below).

Convention on Wetlands of International Importance, especially as Waterfowl Habitat
(UNESCO Ramsar Convention), 1971
The Ramsar Convention is a legally binding international treaty that protects highly-sensitive and important
wetland ecosystems, many of which rely on groundwater discharge (UNESCO Ramsar Convention 1971). It
is designed to protect the ecological functions of wetlands as well as their economic, cultural, scientific, and
recreational values. Ramsar has a relatively wide scope with regard to its definition of a wetland (see Table
5.1). Further, there are nine criteria which enable wetland sites to be placed on the Ramsar list including
representativeness, uniqueness or rarity; species and ecological communities; presence of waterbirds;
presence of fish; and presence of “other taxa” (The Secretariate of the Convention on Wetlands n.d.). The
Ramsar List now includes over 2,186 sites covering 208,449,277 ha (The Secretariate of the Convention on
Wetlands 2017). It includes both procedural and financing mechanisms establishing a secretariat, regular
Conferences of the Parties (CoPs) and contributions by each contracting party. The main implementation
requirements of the Ramsar Convention are procedural, ensuring that parties maintain a list of wetlands and
document any changes to their condition, designation or delineation. Given that the Convention was created
prior to the Stockholm and Rio Declarations, it does not contain many of the principles included in the
contemporary global environmental governance regime. Since many wetlands depend either partially or
completely on groundwater to sustain their freshwater flows, conservation and utilization of wetlands have
indirect impacts on groundwater resources and vice versa.

The Stockholm Declaration of the United Nations Conference on the Human
Environment (UN Stockholm Declaration), 1972
A primary outcome of the first world environmental conference was that the participating states adopted the
non-binding Stockholm Declaration (UN Stockholm Declaration 1972). The Stockholm Declaration is one of
the first governance texts addressing human relationships with the environment. It is thus considered an early
international environmental law. Its scope includes environmental conservation and protection of wildlife,
habitats, oceans, and various non-renewable resources. It also details policy approaches, urban planning,
science and technology. The Declaration introduces key principles including the protection of ecosystems,
sustainable development and pollution prevention. This political Declaration does not explicitly establish a
process, financing mechanism or resource allocation. The Stockholm Declaration is a landmark
environmental policy and its influence and applicability to groundwater is notable (Sands and Peel 2012).
While groundwater is not specifically mentioned in the Declaration, water resources are generally discussed
in the Preamble and Principle 2. Additionally, its principles also appear in future texts, which are directly
applicable to groundwater resources. The contents of the Stockholm Declaration are further developed in,
inter alia, the 1992 Rio Declaration.
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United Nations Mar del Plata Action Plan on Water Development and Management (UN
Mar del Plata), 1977
In Mar del Plata, Argentina, officials from all over the world met for the first time to discuss the state of
water resources and how those resources should be appropriately utilized for human development. The
outcomes of this meeting were the Mar del Plata Action Plan and Recommendations (UN Mar del Plata
1977). Neither the Action Plan nor the Recommendations contained therein are legally binding, but they are
considered influential in the evolution of global water policy. At the time, they incorporated the
contemporary wisdom on international and domestic legal principles applicable to water resources
management. The recommendations cover topics including assessment of water resources; human access to
potable water and sanitation; technology transfer for pollution prevention; public participation in water
resources development; efficient water uses; and cost recovery mechanisms. It also recommends that
international donors increase financial contributions and countries establish revolving funds for financing
water management and service provision. Further it suggests that a clearing house for water project
implementation be created to facilitate implementation. There are no explicit guidelines regarding allocation.
Given the range of issues addressed, the Action Plan has clear implications regarding the management of
groundwater resources. Groundwater is specifically mentioned in the Plan’s sections on water supply for
human consumption and agricultural use.

The ILA Seoul Rules on International Groundwaters (ILA Seoul Rules), 1986
The ILA Seoul Rules on International Groundwaters (ILA Seoul Rules 1986), although not legally binding, is
the first text where international aquifers – rather than international groundwater – are the subject of the rules
(see Table 5.1). The Seoul Rules went beyond the Helsinki Rules to include “the waters of an aquifer that is
intersected by the boundary between two or more States […] whether or not the aquifer and its waters form
surface waters part of a hydraulic system flowing into a common terminus” (Article I, emphasis added).
Overall, they call for the protection of the quality and quantity of groundwater and the integrated
management of surface and groundwater. The Seoul Rules represent the first scholarly endeavor to design
guidance for the sustainable use of transboundary groundwater. Consequently, management of nonrecharging aquifers and consideration of conjunctive use of groundwater and surface water resources are
taken into account for the first time here. However, like the Helsinki Rules, they do not put in place a
process, financing mechanism, or resource allocation. The content of the Seoul Rules was incorporated in the
future development of the 2004 ILA Berlin rules and to some extent by 2008 ILC Draft Articles.

International Conference on Water and the Environment Dublin Statement on Water and
Sustainable Development, 1992
The International Conference on Water and the Environment (ICWE) took place in Dublin, Ireland where
100 countries and eighty international, intergovernmental and non-governmental organizations discussed
water in the context of sustainable development. It adopted the Dublin Statement (ICWE Dublin Statement
1992) in preparation for the United Nations Conference on Environment and Development (UNCED)
occurring later that year. The statement includes four guiding principles, which are often considered to be the
foundation of IWRM: (1) water is a finite resource, (2) water policy development should be based on a
participatory approach, (3) women play a central role in water provision and management, and (4) water has
an inherent value and is an economic good. The Statement is non-binding and does not set up an
implementation process, financing mechanism or address allocation in its text, although recommendations on
these issues were detailed in the conference report.

The Rio Declaration on Environment and Development (UN Rio Declaration), 1992
In 1992, at the UNCED, all participating states negotiated and adopted the Rio Declaration on Environment
and Development (UN Rio Declaration 1992b) and Agenda 21 as a non-binding action plan (Agenda 21
1992). Agenda 21 is referenced in this chapter’s discussion where relevant. This conference, held twenty
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years after Stockholm, developed the Stockholm Declaration further into the Rio Declaration (Dellapenna
and Gupta 2009). It is considered the authoritative normative framework for addressing environmental and
development issues and its scope includes all environmental resources, including groundwater. The
Declaration includes 27 legal principles reflecting the emerging, progressive environmental and development
principles of the time, such as public participation in environmental decision making, the precautionary
approach, the polluter pays principle, Environmental Impact Assessment (EIA) and the rights of indigenous
peoples (UN Rio Declaration 1992). Agenda 21, the related policy document, provides broad guidance
regarding implementation processes (Chapter 38) and financing (Chapter 33). There is no explicit guidance
for resource allocation regimes.

United Nations Convention on Biological Diversity (UNCBD), 1992
The legally-binding UNCBD was opened for signature at the 1992 Rio Earth Summit. It has nearly universal
membership, with all countries as parties and only the United States not having ratified it. The objective of
the treaty is “the conservation of biological diversity, the sustainable use of its components, and the fair and
equitable sharing of the benefits arising out of the utilization of genetic resources” (UNCBD 1992: Article 1).
The scope of its provisions includes all biological resources, particularly equitable sharing of benefits that are
derived from their use. The 2000 Cartegena and 2010 Nagoya Protocols deal with protecting species from the
effects of biotechnology (e.g. biosafety) and have elaborate provisions for fair and equitable sharing of
benefits from biological resources, respectively.
UNCBD delineates an implementation process via a Secretariat and CoPs. It also establishes a funding
mechanism with contributions from participating states, among others. The UNCBD is relevant for
groundwater governance since the protection of, utilization of and trade in groundwater dependent species
(e.g. plants in semi-arid and arid climates) can have a bearing on groundwater governance.

United Nations Framework Convention on Climate Change (UNFCCC), 1992
In 1992, the UNFCCC was also opened for signature at UNCED and is the only global environmental treaty
dealing directly with climate change (IPCC 1992). It has universal membership having been ratified by 196
states. The treaty aims at “stabilization of greenhouse gas concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the climate system” (UNFCCC 1992: Article 2);
and specified that developed countries (Annex I countries) were to stabilize or reduce greenhouse gas
emissions to 1990 benchmark levels by the year 2000. Its Kyoto Protocol includes emissions limits (i.e. cap
and trade) and enforcement mechanisms. The 2015 Paris Agreement updates these countries commitments to
keep global temperature from rising beyond 1.5-2 Celsius with respect to pre-industrial levels and has
entered into force. The ongoing REDD+ program also incentivizes GHG sequestration via forest and land
conservation. In addition to GHG allocation/mitigation mechanisms, the UNFCCC includes an implementing
secretariat, a scientific body, and financing mechanisms. There is a clear connection between climate change
and groundwater resources both directly through salt water intrusion and indirectly through effects of
groundwater recharge (see 3.5).

United Nations Economic Commission for Europe Convention on the Protection and Use
of Transboundary Watercourses and International Lakes (UNECE Convention), 1992
The UNECE Convention was one of the first water laws enacted at the regional level (UNECE Convention
1992). At the time of its adoption, the UNECE Convention was open only to countries from the UNECE
Region. On February 6, 2013, an amendment, which allows all UN member states to accede to the
Convention, gathered enough parties to enter into force. In 2015, all parties ratified the amendment and the
UNECE Convention is now considered a ‘global’ water convention. If it is ratified by countries outside the
UNECE region, it is likely to become more universal in its application (United Nations Economic
Commission for Europe 2003), although the legitimacy of the Convention for non-UNECE states may be
reduced considering that they did not participate in its negotiation. The Convention (1992: Art. 1) covers
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“ground waters…which mark, cross or are located on boundaries between two or more States”. Therefore, it
includes all groundwater regardless of the direction of flow or hydrological connection to surface waters. Its
hallmark attribute is that its implementation requires all parties to the convention that share a transboundary
water resource to form a joint body, such as a river basin organization, for the purpose of managing and
protecting the resource. The Convention’s implementation is overseen by the secretariat and evaluated during
the Convention’s Meeting of the Parties.
Since the adoption of the Convention, the parties have adopted a Protocol on Water and Health and Model
Provisions on Transboundary Groundwater. The UNECE Protocol on Water and Health under the UNECE
Convention entered into force on August 4, 2005 (United Nations Economic Commission for Europe 1999).
The Protocol aims to protect human health and well-being through improved water management. It addresses
issues related to water resources management and ecosystem health, but primarily focuses on disease
prevention. Although the Protocol focuses on the prevention of water-borne disease via pollution prevention
and control, its scope is transboundary surface water and groundwater like the UNECE Convention. Since it
is a Protocol to the Convention, the same implementation processes, and financing mechanisms apply. In
2014, the UNECE adopted Model Provisions on Transboundary Groundwater, which incorporate the aquifer
concept insofar as they apply both to the geologic formation and the groundwater contained therein.

United Nations Convention to Combat Desertification in Those Countries Experiencing
Serious Drought and/or Desertification, Particularly in Africa (UNCCD), 1994
The UNCCD is a legally-binding Convention that aims to combat desertification and mitigate the effects of
drought (UNCCD 1994: Article 2), including negative impacts of land use change and climate variability on
food production, socio-economic opportunity and water resource sustainability. While the Convention has
195 parties, making participation nearly universal, the geographical scope focuses on countries experiencing
‘serious drought and/or desertification, particularly in Africa.’ It is designed to achieve these goals through
long-term strategies bolstered by international cooperation and emphasizes public participation, exchange of
information, and cooperation. Overall implementation is coordinated via its secretariat but it also employs
regional, sub-regional and national action programs to decentralize implementation (Danish 1995; Mwangi
and Wagner 2010). Financing for implementation occurs through a “Global Mechanism” backed by the
Global Environment Facility. Land degradation in arid, semi-arid, and dry sub-humid areas –where
populations tend to have a high dependency on groundwater resources – has significant implications for
sustainable groundwater development. Lack of sufficient rainfall, runoff and/or groundwater recharge to
sustain populations in these locales is a significant challenge interfacing with groundwater governance.

The United Nations Convention on the Law of the Non-Navigational Uses of
International Watercourses (UN Watercourses Convention), 1997
About 30 years after the ILC was asked to draft a water law, they finalized the draft Convention on the Law
of the Non-Navigational Uses of International Watercourses, which was adopted in 1997 (UN Watercourses
Convention 1997). There were very few ratifications of this Convention till an NGO campaign began to
promote its entry into force. In 2016, it had 35 ratifying countries and has entered into force. It is globally
negotiated with signatories from every region of the world. The UN Watercourse Convention articulates
substantive norms and procedural rules for countries sharing international watercourses. However, it does not
explicitly require particular allocation regimes nor does it include an implementation process or financing
mechanism.
This Convention’s scope includes international watercourses, which are defined as a “system of surface
waters and groundwaters constituting by virtue of their physical relationship a unitary whole and normally
flowing into a common terminus […] parts of which are situated in different States” (UN Watercourses
Convention 1997: Article 2(a)). This Convention focuses on surface water resources and where appropriate
hydrologically connected groundwater resources. There is debate as to whether the scope applies to (1) an
aquifer hydrologically connecting two surface water resources with different termini and/or (2) where a
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confined aquifer connects an unconfined aquifer or surface water resources but still constitute distinct
systems as opposed to a ‘unitary whole’ (Mechlem 2003). Legal experts are gradually refining this debate
including those in the ILA and ILC (for further information see the 2011 Special Issue from International
Community Law Review on the Transboundary Aquifers as a Concern of the International Community,
Cathrine Brölmann ed.).

The International Law Association Berlin Rules on Water Resources (ILA Berlin Rules),
2004
The ILA Berlin Rules on Water Resources were designed as an update to the Helsinki Rules of 1966 (ILA
Berlin Rules 2004). Consequently, the rules are an extensive, scholarly text which gathers both codified and
customary international law applicable to water resources. It includes 70 Articles, covering national and
international waters, surface and ground water, water dependent ecosystems, and navigation. The provisions
apply to groundwater that is connected to surface water and flowing into a common terminus as well as
aquifers both hydraulically connected and disconnected from surface water. The Berlin Rules are also the
second international legal text to give specific attention to groundwater. This chapter includes groundwaterspecific principles such as conjunctive use and management (ILA Berlin Rules 2004: Chapter VIII). There is
debate among legal scholars regarding the scope and legitimacy of the Berlin Rules (Bogdanovic et al. 2004;
Dellapenna and Gupta 2008) because it suggests that states apply the provisions both to transboundary and
national water resources “as appropriate” (ILA Berlin Rules 2004: Article 1.2). Chapter XI goes on to
suggest mechanisms for implementation (including ‘joint management arrangements’) as well as provisions
for sharing expenses. However, it does not set out an explicit allocation regime.

The ILC Draft Articles on the Law of Transboundary Aquifers (ILC Draft Articles), 2008
The Draft Articles (ILC 2008: Articles 2(a) and 2(c)) provide a legal definition of an aquifer as “a permeable
water-bearing geological formation underlain by a less permeable layer and the water contained in the
saturated zone of the formation” and includes all aquifers where its “parts … are situated in different States”.
The Draft Articles have been reviewed thrice by UN member states, but are yet to be adopted, thus lacking a
key element of legality. At the last UNGA discussion in 2013, delegates disagreed about whether the Draft
Articles should be a declaration of principles, an international framework convention, or remain a nonbinding text given the lack of scientific and technical knowledge on groundwater. Consequently, “the law of
transboundary aquifers” was for the third time commended to the attention of governments in a resolution
passed at the UNGA’s 71st session in November 2016. No final form was given to the Draft Articles and it is
now a provisional agenda item for the 74th session of the UNGA.
Rooted in the approach of the 1986 ILA Seoul Rules, its designers also sought to shift the scope from
groundwater to aquifers for the purpose of creating a more precise foundation for legal regimes for
groundwater protection (Eckstein 2007). Consequently, the text of the Draft Articles reads similarly to the
text of the UN Watercourses Convention, with a few notable differences. First, the subject of the Draft
Articles is aquifers and aquifer systems rather than watercourses flowing into a common terminus. Second,
new legal principles are introduced, for example, the protection of recharge zones (also included in Article
III.2(a) of the1986 Seoul Rules and Article 41 of the 2004 ILA Berlin Rules).10 Third, existing legal
principles are expanded and tailored to the needs of groundwater resources (e.g. a countries’ territory
contributing ‘to the formation and recharge of the aquifer or aquifer system’). Lastly, issues of conjunctive
uses of surface water and groundwater resources are explicitly addressed. However, like the UNWC, there
are no implementation or financing mechanisms nor an explicit allocation regime.

10

Both the 2004 ILA Berlin Rules and the 2008 ILC Draft Articles include protection of discharge zones
as well.
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The UN Human Rights Commission Resolution on Human Rights and Access to Safe
Drinking Water and Sanitation and The UNGA Resolution on the Human Right to Water
and Sanitation (UN HRC/UNGA), 2010
The UNGA resolution calls upon countries and international organizations to bolster efforts to achieve the
fulfillment of the human right to water and sanitation through increased financing, capacity-building, and
technology transfer. Further, the UN HRC resolution calls for clarification of the right in international law
and places the primary responsibility upon states to ensure its realization, even if engaging with third-party
providers. It also links the fulfillment of these rights to specific principles including but not limited to
developing legislation, plans and strategies for realizing the right; transparency in planning and
implementation; respecting non-discrimination and gender equality; incorporating the right into EIAs; and
accountability for human rights violations. While they were agreed to by states, they are not legally binding.
Further, they do not include implementation processes or financing mechanisms. Nevertheless, taken
together, these non-binding texts advance rights-based approaches (e.g. approaches that explicitly including
the human right to water and sanitation and rights of marginalized groups in text, going beyond general
equity principles) within the sphere of (ground)water governance– and thus have implications for
groundwater use and development.

UNGA Resolution on Transforming our World: the 2030 Agenda for Sustainable
Development (UN SDGs), 2015
In 2015, the UNGA adopted the Sustainable Development Goals (SDGs). The SDGs and its targets provide a
‘plan of action’ that integrates the objectives of achieving environmental sustainability and poverty
eradication and development by 2030. It envisions “a world where we reaffirm our commitments regarding
the human right to safe drinking water and sanitation and where there is improved hygiene.” This vision is
elaborated specifically in Goal 6, which is to ensure the availability and sustainable management of water
and sanitation for all. The protection and restoration of aquifers (Target 6.6) is the only specific mention of
groundwater in the goals, but groundwater is included implicitly throughout as water. Further, a majority of
the targets outside of Goal 6 have some linkage with water resources, examples of some of the most direct
links being ending hunger (Target 2.1), doubling food production (Target 2.3), increasing substantially the
share of renewable energy (Target 7.2), and coping with climate-related disasters (Target 13.1). Goal 17
explicitly addresses implementation via financing and multi-stakeholder partnerships among others.
Monitoring of the goals is also overseen by the UN Statistics division. However, each country is responsible
for advancement towards the goals and there is no centrally coordinated implementation mechanism, as such.

5.2.3

Implications of the Global Governance Framework’s Evolution

Analyzing the evolution of global groundwater governance shows that although the relevant agreements were
all concluded within a 50-year timeframe and in relatively quick succession, they were the outcomes of
various types of actors and fora – ranging from international conferences convening UN member states for a
specific purpose, ongoing deliberations of UN member states in the General Assembly, to epistemic
communities of international lawyers. Thus, there are clear implications regarding (1) the speed of their
development, (2) country participation, (3) purpose and principles, (4) and how they define and align with the
groundwater resource scale. The latter two issues are analyzed using a legal pluralism lens (see 5.3.3).
This review shows that the evolution of global groundwater governance has been non-linear, influenced by
developments in different fora, and the pace of developments is slowing. Figure 5.1 shows that groundwaterrelated laws and policies began about 50 years ago, progressing slowly for the first 25 years and developed
along an accelerated trajectory between the years 1990 and 2000. Progress has since slowed down. This
implies that the momentum for groundwater-related treaty-making at the global level may have passed,
especially considering the stalled status of the 2008 ILC Draft Articles. This raises the question: Why have
developments in global groundwater governance stalled? In light of the more developed state of
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Map 5.1 Countries’ Ratification of Water Specific Conventions and Groundwater Stress
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Table 5.1 Global governance texts related to groundwater and the units of groundwater addressed
Text

SUBJECT(S)

SCOPE

TYPES(S) OF GROUNDWATER
Included
Excluded
 Groundwater from unconfined
 Groundwater in unconfined
aquifers, recharging &
aquifers, only recharging in
discharging in basin
basin
 Groundwater from unconfined
 Groundwater in confined, nonaquifers, only discharging in
recharging aquifers
basin
 Groundwater in unconfined
aquifers, which is the common
terminus of a watercourse
Indirectly includes groundwater as
part of the human environment

ILA Helsinki
Rules

Underground
water connected
to an
International
Drainage Basin

Watershed limits of the system of waters,
including surface and underground waters,
flowing into a common terminus

UN Stockholm
Declaration

International
Environmental
Resources

Providing ‘a common outlook and for
common principles to inspire and guide the
peoples of the world in the preservation and
enhancement of the human environment.’

UNESCO
Ramsar
Convention

Wetlands of
International
Importance

‘Areas of marsh, fen, peatland or water,
whether natural or artificial, permanent or
temporary, with water that is static or
flowing, fresh, brackish or salt, including
areas of marine water the depth of which at
low tide does not exceed six metres (i.e.
wetlands) that have international significance
in terms of ecology, botany, zoology,
limnology or hydrology and/or have
international importance to waterfowl at any
season’

Indirectly includes groundwaters
contributing to wetlands

-

-

UN Mar del
Plata

International
Water
Resources

Groundwater implicitly included under all
“shared waters”

All shared waters

National groundwater resources

-

ILA Seoul Rules

Transboundary
Aquifer within
an International
Basin

All transboundary aquifers

Groundwater outside an aquifer
National groundwater resources

-

UN Rio
Declaration

International
Environmental
Resources

An aquifer that contributes water to, or
receives water from, surface waters of an
international basin that constitutes part of an
international basin for the purposes of the
Helsinki Rules
An aquifer intersected by the boundary
between two or more States that does not
contribute water to, or receive water from,
surface waters of an international drainage
basin constitutes an international drainage
basin for the purposes of the Helsinki Rules
Establishing a new and equitable global
partnership through the creation of new levels
of co-operation among States, key sectors of
societies and people, working towards
international agreements which respect the
interests of all and protect the integrity of the
global environmental and developmental
system

Indirectly includes groundwater as
part of the human environment

-

-

Ambiguous
 Groundwater linking
multiple surface water
bodies with different
termini
 Distinct groundwater
systems with links to
surface water
 Multilayer aquifer systems

UN Framework
Convention on
Climate Change

Greenhouse Gas
Stabilization

Climate system meaning the totality of the
atmosphere, hydrosphere, biosphere and
geosphere and their interactions

Indirectly includes all
groundwater active in
hydrological cycle

UNECE
Convention

Transboundary
Surface and
Groundwater

Any surface or ground waters that mark, cross
or are located on boundaries between two or
more States

All transboundary groundwater*

National groundwater resources

-

UN
Desertification
Convention

Areas
Potentially
Experiencing
Serious Drought
and/or
Desertification

Indirectly includes groundwater
resources as part of water
resources

-

-

UN
Watercourses
Convention

International
Watercourse
(Surface Water
and Connected
Groundwater)

Combat desertification and mitigate the
effects of drought in countries experiencing
serious drought and/or desertification,
particularly in Africa, using long-term
integrated strategies that focus on improved
productivity of land, and the rehabilitation,
conservation and sustainable management of
land and water resources, leading to improved
living conditions, in particular at the
community level
A system of surface waters and groundwaters
constituting by virtue of their physical
relationship a unitary whole and normally
flowing into a common terminus

 Groundwater in unconfined
aquifers, only recharging in
basin
 Groundwater in confined, nonrecharging aquifers

 Groundwater linking
multiple surface water
bodies with different
termini
 Distinct groundwater
systems with links to
surface water
 Multilayer aquifer systems

UNECE Protocol

Transboundary
Surface and
Groundwater
International
and National
Water
Resources
Transboundary
Aquifers

 Groundwater from unconfined
aquifers, recharging &
discharging in basin
 Groundwater from unconfined
aquifers, only discharging in
basin
 Groundwater in unconfined
aquifers, which is the common
terminus of a watercourse
All transboundary groundwater*

-

-

All transboundary aquifers and
national aquifers connected to
transboundary surface waters

-

-

All transboundary aquifers and
aquifer systems

Groundwater outside an aquifer

Berlin Rules on
Water Resources
ILC Draft
Articles

Any surface or ground waters which mark,
cross or are located on boundaries between
two or more States
All aquifers, including aquifers that do not
contribute water to, or receive water from,
surface waters or receive no significant
contemporary recharge from any source.
Transboundary aquifers and aquifer systems
where:
“Aquifer” means a permeable water-bearing
geological formation underlain by a less
permeable layer and the water contained in
the saturated zone of the formation;
“Aquifer system” means a series of two or
more aquifers that are hydraulically
connected

SUMMARY COUNT OF SUBJECTS/SCOPES
5
International or transboundary environment and/or non-water environmental resources
2
International or transboundary watercourses
3
All international or transboundary fresh water (either surface water “and groundwater” or “and aquifers”
2
International or transboundary aquifers specifically
*Note the UNECE Model Provisions also include geologic formation containing and allowing flow of groundwater
Note: This table is an updated and expanded version of Table 2 in Conti and Gupta (2015:855).
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environmental law, it also implies that groundwater governance at the global level may need to leverage issue
linkages, such as those offered in the SDGs, in order to further develop and remain on the global policy
agenda (see 10.5).
Map 5.1 shows the lack of country participation in direct water-related conventions, in contrast to the many
global environmental conventions which have nearly universal ratification. Further, none of the top ten
groundwater abstracting countries are party to any water conventions and very few countries with
groundwater depletion greater than 200mm per annum (red and dark red areas) are party to water
conventions. Thus, countries facing water shortages are not willing to be steered by global-level agreements.
In the face of increasing (ground)water scarcity, this trend may become further exacerbated as countries are
less willing to discuss direct water-related issues than broader environmental issues at the global level (cf.
Gupta 2016).

5.3

PATTERNS AND LEGAL PLURALISM IN GLOBAL GROUNDWATER GOVERNANCE

Using a legal pluralism lens, this section assesses the normative patterns in the global groundwater
governance framework focusing on scope, content, procedures and actor participation. The additional
characteristics of codification, legality, legitimacy and formality are discussed where relevant.

5.3.1

Groundwater in the Scopes of Global Governance Texts

Scopes vary within (ground)water texts and are still subject to interpretation and debate in the legal
community (see Table 5.1). (Ground)water laws and policies define groundwater differently from each other
and there is a clear distinction between the recommendations from legal academics and the final definition of
the scope as determined by states. Academics recommend including all types of groundwater resources in
treaty scopes (e.g. ILA Seoul and Berlin Rules), while countries opt to include specific types of groundwater
resources and not necessarily include the geological formation - with the exception of the UNECE Water
Convention and ILC Draft Articles, the latter of which has not yet been adopted. Environmental laws and
policies primarily address resources or challenges affected by the global hydrologic cycle. Although
groundwater resources implicitly fall under their scopes or objectives, they have not played a prominent role
during the implementation and elaboration of these agreements.
These schisms imply that understanding of the hydrogeological component of groundwater governance is
underdeveloped – perhaps due to lack of capacity or data availability within countries. It further indicates that
most groundwater laws and policies do not define their scopes or relate their scopes to aquifers, nor do they
take into consideration the key groundwater characteristics of storage, flow, pressure and quality (see 3.3).

5.3.2

Patterns in Use of Principles

This section builds upon the content analysis of the global groundwater governance framework in order to
analyze the patterns therein. The outcomes of the content analysis are depicted in Table 5.2. Given that the
SDGs do not contain principles as such, the SDGs are not included in the content analysis.
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POLITICAL PRINCIPLES
CBDR
Exchange of Information
Notification of Emergency
Situations
Notification of Planned Measures
Obligation to Cooperate
Peaceful Resolution of Disputes
Sovereignty
ENVIRONMENTAL PRINCIPLES
Aquifer/basin as the Unit of
Management
BATT
Conjunctive Use
EIA
Invasive Species
Monitoring
Pollution Prevention
Precautionary Principle
Protected Areas for
(Ground)water
Protected Recharge and
Discharge Zones
Protection and Preservation of
Ecosystems
Subsidiarity
Water as a Finite Resource
SOCIAL PRINCIPLES
Capacity Building
Equitable and Reasonable Use
Human Right to Sanitation
Human Right to Water
Intergenerational Equity
Poverty Eradication
Prior Informed Consent
Priority of Use
Public Access to Information
Public Awareness and
Education
Public Participation
Rights of Women, Youth, and
Indigenous Peoples
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2015 UN SDGs

2010 UNHCR/UNGA

2008 ILC Draft Articles

2004 ILA Berlin Rules

1997 UN Watercourses Convention

1994 UNCCD

1992 UNFCCC

1992 UNECE Convention

1992 UNCBD

1992 UN Rio Declaration

1992 ICWE Dublin Statement

1986 ILA Seoul Rules

1977 UN Mar del Plata Declaration

1972 UN Stockholm Declaration

1971 UNESCO Ramsar Convention

1966 ILA Helsinki Rules

Table 5.2 Inclusion of principles in the global groundwater governance framework
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ECONOMIC PRINCIPLES
Open International Economic
System
Polluter Pays
Water as an Economic Good
Bold/Dark = Legally Binding

Political Principles
The seven political principles (see 4.3) support the sustainable development of groundwater resources in that
they provide a foundation for cooperative interaction between states. CBDR is the only political principle in
fewer than 25% of the texts as it specifically applies to environmental treaties and curiously not in water
treaties (see Table 5.3). Both, notification of emergencies and planned measures are found in 40% of texts,
most of which are directly related to water and curiously not in environmental treaties. Peaceful resolution of
disputes is in more than half of the texts overall, possibly because this is seen as a customary international
law principle. Exchange of information, the obligation to cooperate and sovereignty are the most common
principles, occurring in 10, 9, and 8 texts respectively. In the legally binding texts, information exchange,
obligations to cooperate, dispute resolution and sovereignty are used in more than 70% of the texts.
Comparing how the texts included these principles before and after 1992 provides insights into how their
content is linked to their evolution. Before 1992, political principles were hardly included in or after 1992
and thereafter are much more consistent. Exchange of information is included in all but three texts: the 1992
Dublin Statement, the 1992 Rio Declaration and the 2015 UN HCR/UNGA Resolutions. The principle of
obligation to cooperate is included in seven out of ten texts. Peaceful resolution of disputes is included seven
times and sovereignty five times. The notification of emergencies and planned measures are each included in
all five laws and policies directly related to water. CBDR is the least included principle, only being included
in the 1992 Rio Declaration and UNFCCC.
Table 5.3 Patterns in political principles included in the global groundwater governance framework
All

Pre-1992

(n=15)

1992-present

(n=5)

(Ground)waterspecific

(n=10)

Environmental

(n=9)

(n=6)

count

%

count

%

count

%

count

%

count

%

2

13

0

0

2

20

0

0

2

33

10

67

3

60

7

70

6

67

4

67

6

40

0

0

6

60

4

44

2

33

6

40

1

20

5

50

5

56

1

17

Obligation to Cooperate

9

60

2

40

7

70

5

56

4

67

Peaceful Resolution of
Disputes

8

53

1

20

7

70

4

44

4

67

Sovereignty

8

53

3

60

5

50

4

44

4

67

CBDR
Exchange of Information
Notification of Emergency
Situations
Notification of Planned
Measures

Environmental Principles
The thirteen environmental principles discussed in Section 4.4 contribute to sustainable development at the
global level through the protection and preservation of natural resources. More than six of the thirteen
environmental principles are used in less than 25% of texts (see Table 5.4). These includes BATT,
conjunctive use, invasive species, protected areas for groundwater, subsidiarity and water as a finite resource.
Using the aquifer/basin as the unit of management is included in six texts; the precautionary principle
included in five texts; and EIA and monitoring in seven texts. Protection and preservation of ecosystems and
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pollution prevention are used in over 50% of global texts. Protection and preservation of ecosystems is the
most common, being included in eight texts. This seems to indicate only moderate evolving consensus
regarding the inclusion of these principles in all the texts, whether binding or non- binding.
Looking at how the principles are included before and after 1992 can give additional insights into whether
there is consensus building over time. Prior to 1992, nearly half of the environmental principles are included
at the global level: aquifer/basin as a unit of management, conjunctive use, monitoring, pollution prevention,
establishing protected areas for groundwater, and protection and preservation of ecosystems. Only
monitoring and pollution prevention are included in more than two of the five texts created in this period.
From 1992 onwards, the protection and preservation of ecosystems continues to be common, being included
in six of the ten texts in this time. EIA and the precautionary principles are also taken on board in seven and
five texts, respectively - despite not having been present previously. Using the aquifer/basin as a unit of
management, conjunctive use, monitoring and pollution prevention – are included in less than half of the
texts created in this time period indicating no significant increase in uptake.
However, pollution prevention and using the aquifer/basin as the unit of management is included in most
texts directly related to (ground)water (see also Table 5.2). There is also a shift from including protected
areas generally, to the specific protection of groundwater recharge and discharge zones. The remaining
principles - BATT, conjunctive use, invasive species, subsidiarity, and water as a finite resource are only
taken up in two texts or less groundwater specific texts. This indicates some convergence around the
principles of ecosystems protection, EIA, precautionary action, and using the aquifer/basin as the unit of
management.
Table 5.4 Patterns in environmental principles included in the global groundwater governance framework
All

Pre-1992

(n=15)

1992-present

(n=5)

(Ground)waterspecific

(n=10)

Environmental

(n=9)

(n=6)

count

%

count

%

count

%

count

%

count

%

Aquifer/basin as the Unit of
Management

6

40

2

40

4

40

6

67

0

0

BATT

2

13

0

0

2

20

2

22

0

0

Conjunctive Use

2

13

1

20

1

10

2

22

0

0

EIA

7

47

0

0

7

70

4

44

3

50

Invasive Species

1

7

0

0

1

10

1

11

0

0

Monitoring

7

47

3

60

4

40

5

56

2

33

Pollution Prevention

8

53

4

80

4

40

7

78

1

17

Precautionary Principle

5

33

0

0

5

50

3

33

2

33

1

7

1

20

0

0

0

0

1

17

2

13

0

0

2

20

2

22

0

0

Protected Areas for
(Ground)water
Protected Recharge and
Discharge Zones
Protection and Preservation
of Ecosystems

8

53

2

40

6

60

4

44

4

67

Subsidiarity

0

0

0

0

0

0

0

0

0

0

Water as a Finite Resource

1

7

0

0

1

10

1

11

0

0

Social Principles
The twelve social principles discussed in Section 4.5 contribute to sustainable development at the global level
by integrating human rights, issues related to well-being and public involvement into groundwater
governance. More than nine of the twelve social principles discussed in Section 4.5 are included in 30% or
fewer global groundwater governance texts (see Table 5.5). These are the human rights to water and
sanitation, intergenerational equity, poverty eradication, prior informed consent, priority of use, public
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awareness and education, and the rights of marginalized groups. Public participation and capacity building is
in one third of the texts. However, capacity building became part of the climate change regime by being
adopted at one of the Conferences of the Parties (CoPs). Equitable and reasonable use and public access to
information are in 40% of the texts. None of the social principles are used in more than half of the texts.
When focusing on the period prior to 1992, the absence of social principles is striking. Equitable and
reasonable use is included once in the 1966 ILA Helsinki Rules; the human right to water and priority of use
are included in the 1977 Mar del Plata Resolutions; and public access to information is one of the principles
in the 1972 Stockholm Declaration. Consequently, 1992 clearly marked the emergence of social principles in
text relevant to groundwater. Since social principles are included almost exclusively after 1992, the principles
of capacity building, equitable and reasonable use, public access to information and public participation
remain the most commonly included, but are still present in only half of the texts. The human right to water
and sanitation is included in the 2010 UNHRC/UNGA Declarations and the human right to water is also in
the 2004 ILA Berlin Rules. These documents are non-binding, but the literature tends to argue that this right
is now part of customary law as this right has been included in human rights treaties applicable to women and
children and flows out of other human rights agreements (Obani and Gupta 2015). The 1997 UNECE
Protocol on Water and Health also includes the human right to water.
Table 5.5 Patterns in social principles included in the global groundwater governance framework
All

Pre-1992

(n=15)

1992-present

(n=5)

(Ground)waterspecific

(n=10)

(n=9)

Environmental
(n=6)

count

%

count

%

count

%

count

%

count

%

Capacity Building

5

33

0

0

5

50

2

22

3

50

Equitable and Reasonable
Use

6

40

1

20

5

50

5

56

1

17

Human Right to Sanitation

1

7

0

0

1

10

1

11

0

0

Human Right to Water

3

20

1

20

2

20

3

33

0

0

Intergenerational Equity

2

13

0

0

2

20

0

0

2

33

Poverty Eradication

4

27

0

0

4

40

0

0

4

67

Prior Informed Consent

4

27

0

0

4

40

3

33

1

17

Priority of Use

3

20

1

20

2

20

3

33

0

0

6

40

1

20

5

50

2

22

4

67

3

20

0

0

3

30

2

22

1

17

Public Participation

5

33

0

0

5

50

2

22

3

50

Rights of Women, Youth,
and Indigenous
Peoples

4

27

0

0

4

40

2

22

2

33

Public Access to
Information
Public Awareness and
Education

Economic Principles
There are three economic principles discussed in Section 4.6 and all are included in 20% of global texts or
less (see Table 5.6). Prior to 1992, the 1972 Stockholm Declaration included the polluter pays principle
making it the only economic principle included in this timeframe. From 1992 onwards, economic principles
were excluded with the exception of treating water as an economic good, which was only included in the
1992 Dublin Statement.
Maintaining an open international economic system was included in three texts (the 1992 Rio Declaration,
the 1992 UNCCD, and the 1992 UNFCCC), which are all indirectly relevant to (ground)water. The polluter
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pays principle remained in the 1992 Rio Declaration and was also taken up by the UNECE in their Water
Convention and Protocol. Although barely included, these economic principles can be misleading given that
they operated within the de-facto neo-liberal context and do not necessarily counter economic drivers (see
1.3.5).
Table 5.6 Patterns in economic principles included in the global groundwater governance framework
All

Pre-1992

(n=15)

1992-present

(n=5)

(n=10)

(Ground)waterspecific
(n=9)

Environmental
(n=6)

count

%

count

%

count

%

count

%

count

%

Open International
Economic System

3

20

0

0

3

30

0

0

3

50

Polluter Pays

3

20

1

20

2

20

2

22

1

17

Water as an Economic
Good

1

7

0

0

1

10

1

11

0

0

5.3.3

Pluralism in Processes and Actor Participation

Most (ground)water laws and policymaking processes do no occur within a unified body that links the
provisions to accountability and support mechanisms at lower geographic levels (i.e. secretariat). There is
often no funding to support implementation; nor is there a single UN agency that can oversee these issues.
UN-Water, a coordinating body at UN level attempts to do this, but has a very limited mandate and limited
resources (Baumgartner and Pahl-Wostl 2013; Schubert and Gupta 2013).
While it is possible for the secretariat of the UNECE to assume this role, the UN Watercourses Convention
and the Draft Articles do not set out provisions for implementing bodies. Unlike environmental conventions
that have coordinating secretariats in place, there is no structured coordination between these texts with
regard to (ground)water resources and the role they play in each of their regimes. To a limited extent,
national-level planning for SDG implementation and monitoring may help provide an integrated approach to
governing ground water, but such bodies may not be able to operate on longer-time horizons which
correspond more closely with groundwater storage and flow dynamics. Further, the degree of influence the
non-binding SDGs might have on water governance frameworks at any geographic level remains to be seen.
The absence of coordination mechanisms is also met with the challenge of variable actor participation. There
are less than 40 countries participating in the binding laws directly and exclusively applicable to
(ground)water. Despite both the UN Watercourses Convention and the UNECE Water Convention being
contingent upon the participation of states sharing transboundary (ground)water resources, the number of
geographically contiguous countries outside Europe that ratified these Conventions are few (see Map 5.1;
Gupta 2016). Thus, not all countries sharing transboundary aquifers would be subject to all the obligations
under these agreements. These gaps in scope and coverage of countries may lead to differing sets of
principles being applied to individual countries, individual transboundary groundwater resources, or
individual countries’ portions of these transboundary resources. Both hydro-hegemony (e.g. Zeitoun and
Warner 2006) and legal pluralism literature (e.g. Bavinck and Gupta 2014) indicate that such gaps make
governance frameworks vulnerable to the most powerful actors/countries taking advantage of an incoherent
framework and pushing their interests to the detriment of the others. Ideally, a robust institutional process
would counter such hegemonic dynamics. However, both existing literature and the empirical data indicate
that sufficiently robust global (ground)water governance framework has not yet emerged.
The level of participation is less problematic for environmental texts, since they have nearly universal
ratification – the US being the most common abstainer. The wide level of participation indicates that
environmental texts could provide essential support for the global groundwater governance framework as it
develops by acknowledging the interconnectedness of the earth’s ecosystems and bolstering the normative
basis for sustainable development. The drawback is that environmental texts do not deal explicitly with the
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task of equitable and sustainable governance of groundwater resources, leaving groundwater-specific issues
prone to being subsumed by, or conflated with, concerns regarding surface water (see 3.3).

5.4
5.4.1

DISCUSSION: SUSTAINABLE AND INCLUSIVE DEVELOPMENT
Principles’ Relation to Drivers

At the global level, the drivers of human-groundwater interactions are primarily indirect since there are no
direct global groundwater uses (see 3.2 and Table 3.1). These indirect drivers include the global race for
economic growth, trade in groundwater-intensive products, political dynamics between states, and climate
change. Neither economic growth or political dynamics are currently being addressed by the global
groundwater governance framework.
The ability of the global-level normative framework to cope with the trade in groundwater intensive products
is limited at this level, given the tension between the principles of an open international economic system,
water as an economic good and ecosystem protection. Implementing this combination of principles could
raise production costs and perhaps reduce demand for groundwater-intensive products. Consequently, regions
or countries with highly groundwater-dependent industries that rely on export of the resulting products for
economic growth would face practical challenges. This challenge would be exacerbated if much of the
groundwater resources are non-renewable and thus impossible to use sustainably on a human time scale –
presenting the additional challenge of intergenerational equity. In these cases, externally imposed
groundwater sustainability requirements could constitute an infringement upon trade. As such, countries
would need to reconcile these challenges keeping in mind which ecosystems services should be preserved
(e.g. spring flows supplying water to remote villages), in order to be considered sustainable, equitable, and
inclusive.
Although, the UNFCCC has bearing on groundwater governance and the IPCC has explicitly acknowledged
links between climate change and groundwater (Jimenéz-Cisneros et al. 2014), none of the water-specific
laws and policies include any principles directly addressing climate change adaptation or mitigation. Further,
the UNFCCC has not created a working program or committee to specifically address this linkage. Climate
change is already creating ‘climate refugees’ who are being displaced as a result of desertification (Doyle and
Chaturvedi 2012). Further, relocation of large populations due to sea-level rise may become a reality in the
coming decades. Other demographic shifts, such as urbanization, are also placing strains on local
groundwater resources. However, the SDGs uses a more comprehensive approach to dealing with these
issues and addresses them in a more integrated manner.
The global level principles do try to deal with the drivers at other levels of governance, for example, social
principles addressing allocation of groundwater resources can, in part, combat over-pumping of resources
from the transboundary through national levels. Additionally, principles related to pollution prevention can
protect groundwater quality when drivers increase industrial and agricultural production. Environmental
principles targeted at ecosystems protection can further support these principles by ensuring that neither overpumping nor pollution harm groundwater-related ecosystems.

5.4.2

Incoherence and Contradictions in Principles

There is a high level of pluralism with respect to how global-level laws and policies ensure coordination
political interaction, protecting of groundwater resources, organizing and legitimizing rights, allocating
groundwater resources, and governing within a neo-liberal paradigm. Examining the inclusion of the
principles of sovereignty, EIA, conjunctive use, establishing protected areas for groundwater, protecting
recharge and discharge zones, equitable and reasonable use, priority of use, the human right to water and
sanitation, the rights of women, youth and indigenous peoples, and water as an economic good makes this
apparent.
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None of the global governance texts directly applicable to groundwater include all seven political principles.
The 1992 Rio Declaration includes all the principles and the 1992 UNECE Convention and 2004 ILA Berlin
Rules include all the principles except CBDR. The 1992 UNCBD, 1997 UN Watercourses Convention, and
2008 ILC Draft Articles use five of seven. The nine remaining texts include less than half of the political
principles. Thus, there is still a notable level of incoherence among the texts with regard to political
principles. Nevertheless, there is greater coherence with regard to the political principles than along the other
dimensions.
Sovereignty is a potential area of contradiction that has received significant attention in scholarly literature.
The 2008 ILC Draft Articles go against progressive developments in international law by explicitly including
sovereignty in the text (McCaffrey 2011; McIntyre 2011; Tanzi 2011) as opposed to territorial integrity
which empowers downstream states. The literature also discusses whether the inclusion of sovereignty is an
underlying cause for the Draft Articles being ‘stuck’ in the UNGA, without being given a final legal form
(Eckstein and Sindico 2014). However, reviews of statements by states made in the 2008, 2011, 2013, and
2016 UNGA sessions where the Draft Articles were discussed, indicates that a lack of scientific data and
capacity for groundwater resources management is the primary reason behind countries’ hesitance to give the
Draft Articles a final form (Aureli and Eckstein 2011; Eckstein and Sindico 2014). Further, the empirical
analysis indicates that the inclusion of limited sovereignty is common within legally-binding texts at the
global level. The UNECE Water Convention, UN CCD, and UN Watercourses Convention do not include the
sovereignty principle in their main texts. Yet the UNECE Water Convention includes it in its Protocol on
Water and Health and the UNCCD and the UNFCCC reaffirm state sovereignty in their preamble. This may
indicate that the inclusion of the sovereignty principles may be a less significant area of tension empirically
than the international water law literature indicates.
The environmental principles to not present any explicit contradictions to each other. However, the analysis
shows that there is limited coherence in the principles. Only the 1992 UNECE Water Convention, 2004 ILA
Berlin Rules and 2008 ILC Draft Articles include more than half of the thirteen environmental principles.
The 1985 ILA Seoul Rules and the 1997 UN Watercourses Convention include four and five principles,
respectively. The remaining texts use 25% of the environmental principles or less. The pattern of
(ground)water-specific texts containing a significant number of environmental principles, implies that their
evolution especially via the ILA has led to increased inclusion of principles over time.
When focusing on principles related to gathering groundwater data (EIA, precautionary principle,
monitoring) and groundwater-specific principles (conjunctive use, protected areas for groundwater, and
protecting recharge and discharge zones), nearly all the legally-binding agreements include both the
precautionary principle and EIA, except the UN Watercourses Convention and the UNCCD which do not
include the precautionary principle. However, only the UNECE Convention includes monitoring. Further,
groundwater specific principles are absent from all existing legally binding texts. These gaps imply that
countries tend to be more reactive in assessing groundwater resources when an explicit threat is perceived
rather than employing monitoring, resource protection or other precautionary measures in a proactive
manner.
The 1984 ILA Seoul Rules, and the 1977 Ramsar Convention do not contain any social principles, probably
because they were adopted prior to 1992. The 1977 Mar del Plata Resolutions and 1974 UN Stockholm
Declaration include only one social principle and the 1992 ICWA Dublin Statement, 1997 UN Watercourses
Convention, 1992 UNECE Water Convention and 2012 UNHRC/UNGA include two principles. There is
nearly no overlap regarding which of the principles these texts include. Only the 2004 Berlin Rules include
more than 50% of the social principles and the 1992 Rio Declaration includes exactly half. But these two soft
law documents aimed at being more comprehensive in their scope. The remaining agreements include either
four or five principles, mostly favoring capacity building, poverty eradication and information, education and
participation of the public. Thus, the frameworks’ inclusion of social principles is sporadic and incoherent,
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but there are no areas of contradiction within this dimension; although the absence of specific principles can
harm the achievement of sustainable and inclusive development.
Nine of the sixteen global laws and policies, most of which are (ground)water-specific, do not include any
economic principles. The 1992 Rio Declaration includes two economic principles (open international
economic system and polluter pays). The remaining texts contain only one economic principle (see Table
5.2). Thus, there is a clear lack of uptake regarding economic principles. However, this may have been overly
compensated by the adoption of economic principles in other areas of trade and investment discourses and
law. The literature points to these as a key area of contradiction with the social principles, in particular the
human right to water (see 4.7)
Section 4.5, highlights the theoretical issues between the human right to water and sanitation and water as an
economic good as well as those between sovereignty and equitable and reasonable use. These debates
primarily play out within epistemic communities and social movements, who can exert significant influence
on global (ground)water governance. Nevertheless, the legal pluralism analysis shows that (1) states and
scholars are slightly more interested in institutionalizing the human right to water and sanitation than
establishing water as an economic good in water laws and policies. This is particularly true of (ground)water
texts adopted from 1992 onwards. However, these are only about one-quarter of texts, not all of which are
legally binding. Nevertheless, countries are still ambivalent towards the rights of marginalized groups, with
only the 2004 ILA Berlin Rules including both the human right to water and the rights of marginalized
groups simultaneously. Further, the binding UN Watercourses Convention explicitly contravenes priority of
use, instead including ‘prioritization of vital human needs’ when conflicts between uses arise. Such a
prioritization does not explicitly acknowledge a human right to water.
Another area of potential contradiction across dimensions is with respect to the sovereignty debates discussed
previously. Some water (law) scholars espouse equitable and reasonable use to counter hegemonic and
absolute sovereignty approaches in water governance (see Box 4.1). However, the pattern analysis shows that
five of the six texts include both the principle of equitable and reasonable use and also include sovereignty.
The UN Watercourses Convention is the only legally-binding text that includes equitable and reasonable use,
but not sovereignty in an effort to emphasize territorial integrity. But, it only has a limited number of
parties.11 The Draft Articles have yet to take a final form but also includes equitable and reasonable use as
well as sovereignty. The analysis then implies that states are simultaneously interested in asserting their
limited sovereignty (subject to not causing transboundary harm) as well as establishing allocation regimes
premised on equitable and reasonable use.

5.4.3

Principles’ Relationship to Sustainable and Inclusive Development

Principles addressing the key drivers of groundwater problems at the global level are either incoherent or
absent. This may hamper their ability to contribute to sustainable or inclusive development. Furthermore, it is
not as if the more recent legal texts are more comprehensive in their treatment of principles. The
misalignment of principles and drivers at this level is further exacerbated by inclusion and distribution of the
types of principles, especially when one takes into account that there is no legally binding agreement that
specifically covers all groundwater today. Figure 5.2 shows that political principles make up more than 30%
of the principles included in the various texts. Given that the political dimension creates a strong foundation
for interactions between states regarding groundwater governance, particularly at the global level key
principles such as exchange of information, obligation to cooperate and sovereignty are the most used
principles and their use has grown more consistent over time. But a remaining challenge is the lack of the
inclusion of CBDR and its implications for differentiation of responsibilities for sustainable development of

11

Over ten years later, the UNECE is globally open but initially was only open to and ratified by the
countries in the UNECE region.
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groundwater resources. In light of the drivers at this level, it is important for sustainable and inclusive
development to distinguish between net groundwater importers or exporters as well as net GHG emitters, net
carbon-sequesters, and countries not significantly contributing to either but nevertheless experiencing the
detrimental effects of climate change.
With respect to environmental principles, there is moderate consensus regarding their inclusion with regard
to ecosystems protection, EIA, precautionary action, and using the aquifer/basin as the unit of management.
However, roughly the same number of environmental principles are included in the laws and policies overtime, despite the emergence of new environmental principles within the time period analyzed. This indicates
that new principles, especially those related to groundwater have scarcely been incorporated into the laws and
policies at this level. Further, the texts have not grappled with the relationships between principles, such as
the potential for distribution of best available groundwater exploration technologies to result in unsustainable
use. Thus, some key elements supporting the environmental dimension of sustainable development are
available in the framework, but the ones directly addressing the groundwater problems are generally
neglected.

Figure 5.2 Distribution of Principles Included across the Global Governance Framework

The social principles showed a dramatic increase in their inclusion over time, particularly those related to
public participation, awareness/education, and access to information. Nevertheless, this occurred primarily
outside (ground)water-specific texts. Further these principles primarily address society’s inclusion in ongoing
or planned activities. They do not address issues linked to the state’s responsibilities towards provision of
(ground)water related service to the public. As such, this dimension still needs additional support especially
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with regard to intergenerational equity, poverty eradication, rights of women, youth, and indigenous peoples
and the human right to water and sanitation.
The economic principles pose additional challenges because they are few, scarcely included, and present
conflicts with each other as well as principles from other dimensions. As such, the economic dimension
requires both clarification and bolstering to support sustainable development.
Overall, the analysis shows that the global groundwater governance framework is still incomplete with
respect to the principles addressing the drivers and that there are potentially significant tradeoffs when
implementing the existing principles. When assessing the principles along the sub-dimensions of inclusive
development, there is some variation. The principles have the strongest possibility to contribute to relational
inclusiveness given that political principles and the social principles addressing state interaction with the
public are well included. Social inclusiveness, has slightly less potential since re-focusing from wealth
creation to human and natural capital is somewhat accomplished through the principles of public education
and awareness and capacity building. However, demographic drivers, such as population growth, are not
countered by the existing principles. Similarly, environmental inclusiveness has limited potential because of
a lack of groundwater-specific principles that would protect ecosystems services as well as unreconciled
issues around intergenerational equity and economic growth. Consequently, the potential for the global
framework to contribute to hard sustainability under the current conditions is limited.

5.5

INFERENCES

The above analysis leads to the following inferences. First, regarding the evolution of the global groundwater
governance framework, there are currently 16 direct and indirect groundwater governance laws and policies,
six of which are legally-binding. They include some of a total of 35 governance principles. Six of these laws
and policies are environmental, eleven are focused directly on water of which only three are focused
exclusively on groundwater. These laws and policies emerged roughly 50 years ago, evolved slowly at first
and then experienced a period of rapid development between 1992 and 2010, with 10 of the 16 text being
adopted during this time (see Figure 5.2). However, within the last five years, progress has slowed. The only
relevant text adopted since then is the 2015 UN SDGs. The 2008 ILC Draft Articles are stalled in the UNGA
without having taken a final legal form. The deceleration in the adoption of groundwater-related laws and
policies could be indicative of several issues: (i) countries are acknowledging the systemic nature of water,
environment, and development issues and feel that there is no real justification for a groundwater-specific
regime – this could also be explained by their adoption of the SDGs which sees the different goals and targets
as indivisible, interrelated and interconnected; (ii) countries are focusing on the implementation of existing
environmental and water agreements, with the intention of including groundwater in this process; (iii) water
scarce countries are less willing to discuss groundwater challenges at the global level and are leaning back
towards an absolute territorial sovereignty approach; Map 5.1 shows that most countries with groundwater
depletion have not ratified any direct water related conventions; (iv) countries feel that they lack the
necessary information and capacity to address groundwater problems (see 1.3, 8.2, 10.2); and (v) countries
are experiencing treaty exhaustion within the area of global environmental governance (e.g. as interviewees
in my case study stated, see 8.3.3).
Second, Table 5.1 indicates that all of the global governance texts define groundwater resources in a different
manner. The 1985 ILA Seoul Rules, the 2004 ILA Berlin Rules and the 2008 Draft Articles identify the
aquifer as the unit to be governed. The 1992 UNECE Water Convention has also produced guidance for
states that further specifies that ‘groundwater’ shall be interpreted as the aquifer by countries, although this is
not in the main text of the agreement. However, the remaining texts either address groundwater implicitly as
part of the environment or in relation to surface water. The latter is particularly problematic in that it
excludes several common types of groundwater resources from its scope. For example, groundwater not
connected to surface water (non-recharge aquifers) is excluded (see 10.2).
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Lastly, in analyzing whether the principles individually and jointly contribute to sustainable and inclusive
development, I would argue that (a) the principles at global level do not address the key global driver of
groundwater problems at global level, namely trade; in fact, some of these documents explicitly call for
supporting an open economic system. While the Climate Agreement and the SDGs do address the climate
change driver, the ten agreements directly applicable to water have not seriously taken this into account –
noting that the 2004 Berlin Rules does require “promotion of appropriate climate responses by States
involved to climate change” as part of compliance review (Article 66.c). This will affect the ability of the
principles to counter the key causes of unsustainable water management. However, many of these principles
do address drivers at other levels of governance, namely principles related to groundwater allocation and
pollution prevention.
Furthermore, (b) in terms of addressing the political, environmental, social, and economic dimensions of
sustainable and inclusive development, I find that in terms of political issues there is inconsistent treatment of
sovereignty. While the Watercourses Convention emphasizes territorial integrity rather than sovereignty, the
remaining five binding water-related agreements include sovereignty (see Table 5.2 and Table 5.3).
Sovereignty is becoming also more critical in relation to the Draft Articles on Transboundary Aquifers. This
raises the question of whether states can and should have sovereign control over a resource that continuously
circulates (see 1.2.3). While the texts focus on limited territorial sovereignty, the interpretation of this is still
quite open. Furthermore, while almost all the seven environmental laws and policies are universally adopted,
the UN Watercourses Convention and UNECE Water Convention have only been ratified by less than 40
countries.
In terms of environmental issues, groundwater specific principles (e.g. conjunctive use, establishing protected
areas for groundwater, and protection of recharge and discharge areas) are included in less than 15% of the
texts (see Table 5.4). Environmental aspects (e.g. EIA, BATT, monitoring) have been treated lightly in the
Watercourses Convention, in comparison to the UNECE Water Convention. Two of these environmental
principles have been included in the Draft Rules but these are yet to become legally binding. In fact,
environmental principles scarcely address the regulating and supporting ecosystem services.
In terms of social principles, while the 1997 UN Watercourses Convention and 2008 ILC Draft Articles
require states to equitably and reasonable distribute (ground)water resources in accordance with socioeconomic and climatic factors (allocation), the UNECE Water Convention does not do so. None of the Water
specific laws and policies included the human right to water and sanitation (access), while this has been
adopted by the UNGA and UNHRC (see Table 5.5).
Very few policies and laws actually use economic principles (see Table 5.6): the Rio Declaration includes the
polluter pays principle; the Dublin Principles includes water as an economic good; the UNFCCC, UNCCD
and Rio Declaration include the need to protect an open economic system. Having said that, one should
emphasize that the marketing of neo-liberal economic principles has taken place through other fora and
pervade water policy in all countries, but has not been explicitly adopted in the water treaties.
The combination of political, environmental, social and economic principles also reveals a number of
contradictions e.g. between equitable and reasonable use and sovereignty, because one can be achieved at the
cost of the other; and between the emerging principles of water as an economic good and water as a human
right although neither has been adopted in legally binding direct water related laws.
Hence, the inability of these global principles to structurally address the global drivers (except perhaps in the
context of the SDGs), and to address political, environmental, social and economic aspects in a coherent
manner creates room for states to engage in forum shopping and to select principles that suit their sovereign
needs. This could hamper the ability of the global governance normative framework for water governance to
achieve sustainable and inclusive development.
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Chapter 6. Groundwater Governance at Regional and
Transboundary Level
6.1

INTRODUCTION

Groundwater governance at the regional and transboundary levels has a different character than at the other
geographic levels. These two levels are analyzed together because they address geographically contiguous
groups of states, but they are distinct in that the regional level focuses on geopolitical regions and the
transboundary level focuses on groups of states sharing specific groundwater resources. This chapter analyses
these frameworks to address: (1) How have groundwater governance frameworks evolved at the regionaltransboundary level? (2) How are hydrogeology, ecosystems services and the drivers of groundwater
problems taken into account at the regional-transboundary level? (3) Which groundwater governance
principles have been included in these governance frameworks at the regional-transboundary level? (4) How
does legal pluralism manifest itself at the regional-transboundary level? (5) How can current designs of the
normative architecture become consistent with sustainable and inclusive development at the regionaltransboundary level?
This chapter explains the evolution of regional and transboundary groundwater governance drawing on my
previous work (Conti 2014). Section 6.2 reviews the origins of individual instruments in each regionaltransboundary framework, their current legal status, relevant actors, and describes their mechanisms, scope
and procedures. Section 6.3 identifies patterns in the frameworks and principles. Section 6.4 discusses the
relationship between principles included at this level and the drivers of groundwater problems and
ecosystems services as well as the potential to achieve sustainable and inclusive development given the
pluralist context. And, finally, Section 6.5 draws inferences.

6.2
6.2.1

EVOLUTION OF REGIONAL AND TRANSBOUNDARY GOVERNANCE FRAMEWORKS
Overview of Transboundary-Regional Governance Frameworks

This section presents the chronological evolution of transboundary-regional groundwater governance
frameworks. Transboundary aquifers with governance frameworks are shown in Map 6.1 for reference.
In 1856, the first framework for the Danube River Basin emerged to regulate navigation. Over 100 years
later, the Lake Chad Basin states codified the 1964 Fort Lamy Convention to prevent degradation of the lake
and its underlying aquifers. The African Union created the 1968 Africa Convention on Conservation of
Nature and Natural Resources, updated in 2003, for the protection of environmental resources more broadly.
Simultaneously, aquifer-specific frameworks began to emerge. In 1968, the first project activities in the
North-western Sahara Aquifer System began and now there is a non-binding Memorandum of Understanding
(MoU) between the aquifer states.12 In 1972, France and Switzerland concluded the first legally-binding
treaty specific to a transboundary aquifer – the Genevese Aquifer. The following year, Mexico and the US
began to manage groundwater quality along the border with an amendment to their boundary waters treaty.
Next, France, Switzerland, and Germany, adopted the 1975 Bonn Accord, subsequently amended to include
groundwater, for the Upper Rhine Valley River Basin.

12

This MoU is not publicly available and thus its contents could not be analyzed in this thesis.
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Map 6.1 Transboundary Aquifers with Groundwater Governance Frameworks

The early 1980’s yielded two regional water agreements: one in the Southern African Development
Community (SADC) and the other in the Association of South East Asian Nations (ASEAN). The next 15
years were characterized predominately by developments that have led to groundwater-specific governance
frameworks. These include the beginnings of cooperation for the Iullemeden Aquifer through a 1988 protocol
for the Niger river; regional and international donor activities in the early 1990’s concerning groundwater in
the transboundary Guaraní Aquifer System; the 1992 establishment of an international task force for the
Abbotsford-Sumas aquifer; and the 1992 legally-binding treaty which established a Joint Authority for the
Study of the Development of the Nubian Sandstone Aquifer Waters. In 1993, Israel and the Palestinian
Liberation Organization signed the Oslo I Peace Accord, which included provisions regarding shared water
resources.
In 1995, the Oslo II agreement contained more specific provisions, including allocation of the groundwater in
the Mountain (Western) Aquifer. However, there are questions surrounding the legitimacy and accountability
of this agreement and its implementation. The 1995 Mekong Agreement between four of the six riparians
included groundwater in its scope. Also in 1995, Hungary and Slovenia established a bilateral water
management commission and now a joint project regarding geothermal energy production is underway.
Since 1995, several types of arrangements have emerged. In 1999, several countries in southeastern Europe
began, in collaboration with the UNECE, researching the sustainable management of their karst aquifers. The
2000 EU Water Framework Directive was adopted as supranational legislation applicable to surface and
groundwater and also spurred the establishment of the Sava River Basin Commission in 2002 to begin
working in earnest on groundwater issues. Also in 2003, the Great Lakes Basin Commission developed a
focus on groundwater. In 2007, Jordan and Saudi Arabia signed a technical MoU regarding monitoring and
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data exchange for production wells from the Al Saq/Al Disi Aquifer, which later developed into a bi-lateral
agreement. And in 2008, the Orange-Senqu River Basin began a project which included groundwater in its
scope. The following sections explain these agreements in alphabetical order.

6.2.2

Current Status of Transboundary Frameworks13

Abbotsford-Sumas Aquifer, 1992
The Abbotsford-Sumas Aquifer provides drinking water for approximately 110,000 people in the Canadian
province of British Columbia and the US state of Washington. The aquifer’s groundwater flows from north to
south and since the 1950’s, contamination originating in Canada has caused significant impacts, particularly
in Washington. Nitrate concentrations are the main threat to human health (Norman and Melious 2004) and
have been mapped and monitored since the 1970s (Council of Canadian Academies 2009).
The Abbotsford-Sumas Aquifer International Task Force and Abbotsford-Sumas Aquifer Stakeholder Group
were established to address this problem in 1992 and 1995, respectively. The Task Force is a bi- national
advisory board that supports implementation and policymaking under the 1992 Environmental Cooperation
Agreement between British Columbia and Washington. It collects scientific data; coordinates its analysis and
dissemination; and monitors potential threats to the aquifer. The Abbotsford-Sumas Aquifer Stakeholder
Group is a consortium representing various interests from multiple levels of governance (federal, provincial,
state and local), agriculture, industry, and NGOs. The group’s main objective is to protect municipal supply
to the City of Abbotsford, which suffers the brunt of the contamination problem. The group was very active
in the 1990’s. In the early 2000’s it was functioning with reduced activities (Council of Canadian Academies,
2009) and then became dormant until 2014 when renewed activity was reported (Personal communication
with Tim Takaro and Emma Norman).
There are several other transboundary governance instruments applicable to the Abbotsford-Sumas, which
will not be discussed in detail here. These include the 1909 Boundary Waters Treaty (USA & UK 1909) and
its International Joint Commission, the North American Free Trade Agreement and its Commission for
Environmental Cooperation, and the British Columbia-Washington Environmental Cooperation Council
(Norman 2014). These agreements provide broad sets of rules regarding how Canada and the US should
interact regarding trade and the environment.
This overview indicates that the governance framework in the Abbotsford-Sumas is multi-dimensional and
multi-level. It includes instruments that range in codification, formality, legality, and process. The framework
also includes international treaties and their associated implementation committees and task forces. There are
also independently coordinated stakeholder groups. Similarly, the scopes range from boundary waters, to
environment, to the aquifer itself. A volumetric allocation regime has not been established, perhaps because
the primary concern is water quality. Yet despite the numerous governance instruments giving attention to
the aquifer, the pollution problem remains (Zebarth et al. 2015).

Al-Saq/Al-Disi Aquifer, 2007
The Al Saq/Al Disi Aquifer is a confined, non-recharging aquifer split by the border of Jordan and Saudi
Arabia spanning 308,000 km2. It stores approximately 75 billion m3 of fossil groundwater (UN-ESCWA and
BGR [United Nations Economic and Social Commission for Western Asia & Bundesanstalt für
Geowissenschaften und Rohstoffe] 2013) and is the lowest layer of a larger aquifer system. Saudi Arabia
began using the aquifer in the 1970’s and rapidly increased pumping in the 1980’s due to the subsidization of
wheat production.

13

This section draws heavily upon the annex of cases include in Conti, K.I. (2014), Factors Enabling

Transboundary Aquifer Cooperation, IGRAC: Delft, Netherlands.
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Although wheat production decreased in the 1990’s, the Al Saq/Al Disi is still heavily used. There are
minimal water saving measures in place in Saudi Arabia (Al-Salamah et al. 2011). Furthermore, although
most of the aquifer underlies Saudi Arabia, Jordan also relies heavily on its supplies. Specifically, it is the
main source of water for the city of Aqaba. In 1965, a land transfer agreement between the two countries
shifted the city of Aqaba out of Saudi territory and to Jordan. Since then, use of the aquifer has been a source
of tension between the two countries. To alleviate these tensions, the Jordanian Ministry of Water and
Irrigation and the Saudi Arabian Ministry of Electricity and Water signed a technical memorandum of
understanding (MoU) in 2007 that enhanced monitoring and data exchange and prohibited both drilling new
production wells and expanding agricultural activities within 10 km of the border. The MoU stood in
juxtaposition to the simultaneous proposal for a Jordanian water transfer scheme that would move
groundwater from the aquifer to the capital city of Amman. The ‘Disi Water Conveyance Project’ began in
2009 and was completed in 2013 and is designed to transfer up to 100 million m3 of water per annum. Not
only does this present concerns regarding groundwater quantity but also quality, because early tests of the
aquifer’s water show that it had 20 times more Radon than the international safe drinking water standard.
This project, combined with ongoing demographic shifts, have led to projections of complete depletion of the
aquifer as early as 2055 (UN-ESCWA and BGR [United Nations Economic and Social Commission for
Western Asia & Bundesanstalt für Geowissenschaften und Rohstoffe] 2013). Prior to 2015, there was no
formal agreement between the countries regarding the protection or use of the aquifer. However, the
development of the project in conjunction with increased groundwater use likely brought such an agreement
to fruition. The 2015 agreement aims to first, create a protected area for the aquifer and eliminate the
potentially degrading activities within it; second, it requires the construction of monitoring wells within the
protected area; third, it creates a management area in which groundwater use is limited to municipal uses
(e.g. vital human needs); and fourth, it creates a joint technical committee for the implementation of the
agreement. The aquifer area extends beyond these protected and management areas and thus some
agricultural and industrial uses are permitted. This is the only governance instrument for the aquifer at
present and it sets out a clear scope and process, but does not outline volumetric allocations or limits.

Bolsón del Hueco -Valle de Juárez Aquifer, 1973
The Bolsón del Hueco -Valle de Juárez Aquifer traverses the Mexican state of Chihuahua and the American
states of New Mexico and Texas and lies beneath the eastern portion of the Rio Grande River. Its
groundwater supplies 1.5 million inhabitants in Ciudad Juarez and 730,000 in El Paso (Eckstein 2011b). In
1889, Mexico and the US created the International Boundary and Waters Commission (IBWC), because of
boundary disputes caused by the meandering of the Rio Grande and Colorado rivers. Subsequent water
apportionment regimes in the 1906 Treaty on the Distribution of Waters of the Rio Grande and revised by the
1938 Rio Grande Compact, mandated that Mexico receive 60,000 acre-feet of water annually. However,
ineffective implementation of the regime led to the river being overdrawn. Consequently, Texan and Mexican
farmers began pumping the underlying groundwater, causing groundwater levels to fall over 23 meters
between 1952 and 2007 (Day 1978).
In 1973, the IBWC investigated the salinity problems in the Rio Grande and aquifers. However, attempts to
create a treaty that would resolve the problems were thwarted by both governments. Eventually, they signed
Minute 242 in 1942, annexing it to the Boundary Waters treaty. Minute 242 is now one of two formal
agreements for transboundary groundwater between the countries’ federal governments. To date, the water
utilities of El Paso and the City of Juárez have taken the most action towards solving groundwater problems.
They have a MoU to manage surface and groundwater via activities such as conservation and reuse measures,
consumer education and technologies. Implementation of the MoU by local utilities has successfully
mitigated groundwater depletion and extended the projected longevity of the aquifer by over 50 years. In
2006, the US passed the US-Mexico Transboundary Aquifer Assessment Act (190th Congress 2006), which
is national legislation and does not have a Mexican counterpart. The Act requires the US government to
assess the status of the aquifer; store aquifer data in a GIS database; consider expanding or modifying the
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countries’ current data-sharing agreements; and designate the Bolsón del Hueco -Valle de Juárez as a
‘Priority Transboundary Aquifer’ in the US.
Overall, the Bolsón del Hueco -Valle de Juárez governance framework is multi-faceted. All the instruments
discussed are codified, but they range in formality/legality and legitimacy from treaties to MoU’s to
unilateral legislation regarding transboundary aquifers. There are several groundwater-specific agreements,
all including implementation processes. Additionally, the aquifer is partially and informally allocated through
the local water utilities while the river is formally allocated by the respective federal and state governments
(Eckstein 2011b, 2013).

Canadian-American Great Lakes Basin and Châteauguay Aquifer, 2003
The Châteauguay aquifer is located in the Canadian province of Quebec and the US state of New York,
beneath the Châteauguay River (Council of Canadian Academies 2009). It is the only transboundary aquifer
within the Great Lakes Basin (Great Lakes Science Advisory Board to the International Joint Commission
2010). Groundwater use on the American side is minimal. The aquifer supplies drinking water to
approximately 65% of Canadians living within the aquifer boundary and it’s groundwater is abstracted by an
estimated 20,000 wells (Nastev et al. n.d.). Due to industrial pollution in the 1970’s, the Châteauguay became
one of Canada’s the most famous groundwater contamination cases. In addition to industry and water supply,
uses include apple farming, peat mining and abstraction for water bottling. Canadians both cause and
experience most of the groundwater quantity quality problems; therefore, the impacts are not typically
transboundary in nature.
Concerted research and management of the Châteauguay began in 2003. However, scientists have had
concerns about the aquifer’s state for over 40 years due to increased groundwater use and intermittent
droughts. As such, several large-scale Canadian initiatives have studied the aquifer’s hydrogeology, quality,
vulnerability, and overall sustainability (Nastev et al. n.d.). Numerous laws and planning instruments have
moved the Great Lakes Basin towards increasing the technical understanding and protection of the
groundwater therein. These instruments include the 1912 International Joint Commission; 1992
Environmental Cooperation Council; 1909 Boundary Waters Treaty; 1972/2012 Great Lakes Water Quality
Agreement; 1985 The Great Lakes Charter; and 2005 The Great Lakes St. Lawrence River Basin Sustainable
Water Resources Agreement and Compact. Similar to the Abbotsford-Sumas, the stakeholders participating
in these instruments vary from national government, state/provincial agencies, and CSOs to combinations
thereof. Thus, the Châteauguay’s governance instruments are generally codified, formal, and have a high
level of legality. None are groundwater specific, but rather address the environment or lake basin as a whole.
Allocation is not addressed since uses are primarily Canadian. Nevertheless, nearly all of the instruments
include an implementation body specifically for the Great Lakes.

Danube River Basin Groundwater Bodies, 1856
The 1856 Treaty of Paris was the first formal and codified governance instrument over the Danube River. At
this time, the primary focus of governance was navigation. But, over time, the scope of governance
broadened to include other management issues. In 1994, the countries sharing the Danube signed the
Convention on Cooperation for the Protection and Sustainable Use of the Danube (Danube Convention),
which also created the International Commission for the Protection of the Danube River (ICPDR) to support
the Conventions’ implementation (Danube Convention 1994). The Danube Convention explicitly includes
groundwater in its scope but does not allocate the waters of the basin between countries.
The Danube Convention includes several provisions directly related to groundwater such as the identification
and protection of vulnerable areas and general pollution prevention especially from nitrates and pesticides.
The ICPDR also integrates requirements from the EU WFD to remain consistent with the IWRM approach
put forth by this supra-national law. In 2002, the ICPDR established a Groundwater Task Group to delineate
groundwater bodies of basin-wide importance, namely those greater than 4,000 km2 in size. The Task Group
guided groundwater characterization and assessment as well as quality and quantity data collection (ICPDR
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2010). In these initiatives, all countries had to agree regarding the aquifer characteristics. The result was an
identification of eleven transboundary groundwater bodies wherein all the countries agreed upon their
transboundary nature and characteristics.

Dinaric Karst Aquifers, 1999
The Dinaric Karst Aquifers are one of the most important karst aquifer systems in the world. They are the
primary source of drinking water for Albania, Bosnia & Herzegovina, Croatia, and Montenegro. In 1999, the
UNECE began an inventory of transboundary water in the region, triggering the initial mapping of the
Dinaric Karst Aquifers. Ten years later, the second UNECE assessment further characterized these aquifers.
In the interim, UNESCO’s Internationally Shared Aquifer Resource Management (ISARM) initiative
formally recognized these Dinaric Karst aquifers as a connected aquifer system. Key transboundary issues
identified as a result of this assessment included the need to increase knowledge of the resources’ dynamics;
to assess and balance competing user demands; to harmonize policy; and to address the negative impacts of
hydraulic infrastructure (Governments of Albania, Bosnia & Herzegovina, Croatia, and Montenegro 2010).
In response to the cumulative findings from this recommendation, in 2008, country officials in collaboration
with the Global Environment Facility (GEF) endorsed the Dinaric Karst Transboundary Aquifer System
(DIKTAS). It was the first effort to incorporate sustainability principles into the management of a large
transboundary karst aquifer. Key project objectives included enhancing scientific knowledge of the aquifer
system, achieving ecosystem protection and increasing public participation (Governments of Albania, Bosnia
& Herzegovina, Croatia, and Montenegro 2011). A key outcome of the project was the formal country
endorsement of the Transboundary Diagnostic Analysis, which is an assessment and prioritization of
transboundary groundwater issues. The document is not legally binding but does set out recommendations for
the countries including increased monitoring and capacity building. It also indicates a potential to develop a
Strategic Action Programme and/or to reach a political commitment to establish a legal framework or multicountry consultative body. However, a process to do so is contingent upon continued funding from the GEF.

Franco-Swiss Genevese Aquifer, 1972
France and Switzerland share the Franco-Swiss Genevese Aquifer. The aquifer is unconfined and
hydrologically linked to the River Arve. It has been an important drinking water source since the 1940s
(Wohlwend 2002). Currently, 20% of Geneva’s water supply originates from the Genevese aquifer (De los
Cobos 2010). Groundwater governance for the aquifer was triggered by dramatic decreases in groundwater
levels during the 1960’s and 70’s. By 1972, the Swiss Canton of Geneva and the French Prefect of HauteSavoie began formally meeting to explore how the problem could be addressed and in 1977 they adopted the
Convention on the Protection, Utilization, Recharge and Monitoring of the Franco-Swiss Genevese Aquifer
with a 30-year term (Genevese Convention 1977).
This Convention was the first and so far, the only convention for transboundary groundwater resources that
establishes a volumetric allocation regime. It also establishes a monitoring network and a managed aquifer
recharge (MAR) scheme to prevent depletion in the Swiss portion of the aquifer. The MAR scheme was
operational by 1980. The Convention’s implementation is overseen by a commission, which adopts annual
joint management plans, oversees the MAR scheme, and addresses other challenges related to the aquifer’s
management. The commission includes government officials and scientists from both countries and meets
annually.
At the end of the 30-year term, the Convention was modified to reflect the state-of-the-art of international
law as well as to become congruent with the EU WFD. The Convention was also modified from having statelevel parties to local parties. As such, the parties became the communities of Annemassienne, the Genevese
rural districts and the Rural District of Viry rather than the French and Swiss governments. The MAR facility
was also transferred from private ownership to public ownership by Swiss community authorities.
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Guaraní Aquifer System, 1991
The Guaraní Aquifer System (Sistema Aquífero Guaraní [SAG]) traverses Argentina, Brazil, Uruguay and
Paraguay and is the world’s second-largest known freshwater reservoir. Localized depletion has been
reported since the early 1970’s and quality deterioration and reduced recharge are also cited as threats to the
SAG’s sustainability (Foster et al. 2006). Although many of these challenges are not considered
transboundary in nature, several projects and initiatives in the early 1990’s greatly increased technical
understanding of the SAG. These included a joint technical project sponsored by the International
Development Research Centre; two, three-year Global Environmental Facility (GEF) Guaraní Aquifer
System Projects starting in 2003 and 2009 (Villar and Ribeiro 2011); as well as the MERCOSUR “Guaraní
Aquifer High Level Group” that began in 2004 (Sindico 2011).
Governance relevant to the SAG began with the Organization of American States (OAS) and the Common
Market of the South (MERCOSUR), which have promoted transboundary and regional environmental
cooperation since 1948 and 1991, respectively. Building upon this foundation, the scientific assessment from
the aforementioned projects, and developments on the ‘Law of Transboundary Aquifers’ at the global level,
the SAG states adopted the 2010 Guaraní Aquifer Agreement. This is one of two legally-binding agreements
that holistically govern a transboundary aquifer, the Genevese Convention being the other. However, the
Guaraní agreement stops short of allocating the SAG groundwater volumetrically.
Argentina and Uruguay ratified the agreement the same year as its adoption. The agreement still awaits
ratification from Brazil and Paraguay prior to entering into force. The agreement does not provide for an
implementation process. Nevertheless, the countries have already taken steps to implement the Strategic
Action Programme of the GEF project under ‘Programma Marco,’ which would conjunctively manage the La
Plata River Basin and the SAG under the framework of the Guaraní Agreement.

Iullemeden Aquifer, 1988
The Iullemeden Aquifer crosses Mali, Niger and Nigeria. There has been bilateral cooperation between pairs
of these countries since the late 1980’s. Niger and Nigeria established a Joint Commission for Cooperation
on equitable sharing for development, conservation and utilization of the common water resources in 1990.
The UN International Convention to Combat Desertification (UNCCD) designated the Sahel as the highest
priority area. Thus, the Observatoire du Sahara et du Sahel (Sahara and Sahel Observatory - OSS) was
created to oversee desertification-related issues in the region. From 1992 and 2002, OSS conducted ‘Aquifers
of the Major Basins’ Program, which facilitate scientific cooperation between the three Iullemeden aquifer
states. As a result of the program, they updated national water policies and prioritized transboundary issues
including land use change, unregulated water used, drought and climate change (Governments of Mali,
Niger, and Nigeria 2003).
From 2003-2007, the countries proposed and completed a GEF Medium Sized Project entitled ‘Managing
Hydrogeological Risk in the Iullemeden Aquifer System.’ The project objectives included (1) jointly
identifying transboundary risks; (2) formulating management policies; and (3) adopting a legal and
institutional framework. Project outcomes included the creation of a common GIS database and the adoption
of the Bamako Declaration of the Ministers in Charge of Water Resources of the Countries Sharing the
Iullemeden Aquifer System in 2009 (Governments of Mali, Niger, and Nigeria 2009), which creates a
‘consultative mechanism’ for joint groundwater management. Five years later the countries made a new
agreement, also including the Taoudeni/Tanezrouft and also including the countries of Algeria, Benin,
Burkina Faso, and Mauritania (Governments of Algeria, Benin, Burkina Faso, Mali, Mauritania, Niger 2014).
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Lake Chad Basin Aquifers, 1964
Lake Chad is the fourth largest lake on the African continent. It is located in the Sahel region and
groundwater is the main source of drinking water in the basin. Lake Chad’s water levels have declined
significantly over the past 40 years, due to drought, desertification and mismanagement (Adelana 2004). A
massive regional drought in 1980’s significantly exacerbated these problems and over 500 boreholes were
drilled to provide groundwater for basic human needs (Adelana 2004). Since the lake also supports local
fishing and agricultural, poverty, malnutrition and out-migration increased (Ngatcha 2009). By 2010, large
portions of Lake Chad were protected wetlands under the Ramsar Convention, emphasizing the significance
of groundwater for regional ecosystems and livelihoods.
The Sahara/Sahel region has a long institutional history of water resources management. In 1964, the Fort
Lamy Convention formed the Lake Chad Commission with the purpose of managing problems contributing
to the lake’s degradation and its underlying aquifer. Originally, the Commission only four of the six lake
states were party to the convention: Cameroon, Chad, Niger and Nigeria. Subsequently, the Central African
Republic acceded in 1994 and Sudan acceded in 2000. Recently, some of the aquifer states have inacted
national legislation to manage and protect groundwater resources. The Lake Chad Basin Commission is also
implementing the activities outlined in the Strategic Action Programme (SAP) of the GEF/UNDP/UNOPS
Project ‘Reversal of Land and Water Degradation Trends in the Lake Chad Basin Ecosystem’ (GEF Project).
The major outcomes of this project were (1) enhanced regional policy initiatives; (2) increased stakeholder
engagement; (3) a diagnostic of transboundary issues; (4) a ‘synthetic’ management framework; and (5) the
creation of regional programs and initiatives.

Mekong River Basin Aquifers, 1995
The Mekong River Basin is divided between Cambodia, China, Laos, Myanmar, Thailand, and Vietnam and
is linked to four major transboundary aquifers. Key groundwater uses include urban and rural drinking water
supply, irrigation and industry. Cambodia, Thailand and Vietnam are the largest groundwater users.14 The
Mekong River Delta Aquifer’s groundwater levels and groundwater quality have declined over the last 30
years (International Union for Conservation of Nature 2011). The basin’s other aquifers are facing overextraction and contamination by agriculturalists (Foster 2008; International Union for Conservation of Nature
2011).
The 1995 Agreement on the Cooperation for the Sustainable Development of the Mekong River established
the Mekong River Commission (MRC) (Cambodia et al. 1995). Although, hydrologically, China and
Myanmar are basin/aquifer states, they are not MRC members. Rather, they are ‘dialogue partners’ who
observe MRC activities (Mekong River Commission for Sustainable Development 2010). The agreement
shifted the focus of water management from development of large-scale projects to sustainable development
and natural resources management. Groundwater has not been included in MRC activities until recently.
There was an informal meeting in 2009 for organizations working in the lower Mekong Delta with in
objective of increasing cooperation and capacity regarding groundwater resources (International Union for
Conservation of Nature 2009). In 2011, the MRC conducted drought management studies and groundwater
monitoring to establish a basin-wide monitoring network, in addition to developing a groundwater concept
note. Further, the MRC planned a 2012 rapid appraisal of groundwater use in agriculture (Mekong River
Commission for Sustainable Development 2012).

14

The Chinese portion of the Mekong River Basin is mountainous and largely uninhabited. Thus, human use is
considered negligible. Hence, China’s observer status in the Agreement.
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Mountain (Western) Aquifer, 1995
Mountain (Western) Aquifer is located in Israel and the Palestinian Territories – which, according to
international law, are a sovereign state and an occupied territory, respectively. The aquifers divided by Israel
and Palestine have caused intense interactions for the past 60 years. The Israelis began rapid groundwater
extraction in the 1950’s. In contrast, Palestinians only extracted groundwater sparsely prior to 1967
(Feitelson 2003). These asymmetrical usage patterns contradict the recharge and flow regime of the aquifer,
since the recharge of the aquifer occurs primarily on the Palestinian side. The asymmetry resulted in tensions
regarding allocation and use. Consequently, the Mountain (Western) Aquifer was a critical topic in the
1990’s Israeli/Palestinian peace talks.
The peace talks resulted in the Oslo II agreement, wherein Article 40 recognized Palestine’s right to water in
the West Bank. The agreement further stated that Palestine should receive 28.6 Mm3 annually to meet their
immediate needs and later receive 70-80 Mm3 annually for their future needs. The agreement established a
Joint Water Committee (JWC) and Joint Supervision and Enforcement Teams (JSETs) to manage the
aquifer’s groundwater. Additionally, the parties agreed to cooperate for protection of the aquifer
(Government of the State of Israel and The Palestine Liberation Organization 1995).
The JWC oversees implementation of the Oslo II agreement and has four sub-committees: the Hydrological
Committee, the Water Works Committee, the Sewage Committee and the Water Pricing Committee. The
JWC regularly convenes and reviews development and construction projects of water supply and sewage
(Water Authority of the State of Israel 2009). As of 2014, the committee approved 70 new water wells and 22
new observation wells in Palestine. However, the JWC also rejected hundreds of well applications, mainly in
the Palestinian Territories.
Although the JWC operated through the Second Intifada, groundwater allocated from the aquifer is not in
accordance with Palestine’s water right stated in Oslo II (Linton and Brooks 2011) and the legitimacy of the
Oslo II agreement and its implementation have been questioned in light of the disparities in soft and hard
power between Israel and Palestine (Feitelson and Fischhendler 2009).

Mura-Zala Aquifer, 1995
The Mura-Zala Aquifer underlies Hungary and Slovenia. It has three layers, the deepest of which contains
groundwater sufficiently warm to generate thermal energy. The Mura-Zala is used for residential and
commercial heating and air conditioning, heating of greenhouses, and balneology (Nádor and Lapanje 2010).
Individual and small-scale users have abstracted the groundwater more than 100 years; yet only within the
last ten years have people made efforts to upscale uses for geothermal energy. The 1856 Treaty of Paris
marked the beginning of formal water governance in Central Europe. The 1995 Agreement between Hungary
and Slovakia on Water Management established the Permanent Bilateral Slovenian – Hungarian Water
Management Commission. The countries are also regulated by the EU WFD and part of the ICPDR.
The EU Renewable Energy Roadmap and the European Union Directive on Renewable Energy motivated
Austria, Hungary, Slovakia and Slovenia to jointly manage the thermal groundwater resources (European
Commission 2007; Transenergy 2014). In 2009, the countries initiated “Thermal Joint Aquifer Management:
Screening of geothermal utilization, evaluation of thermal groundwater bodies and preparation of joint
aquifer management plan in the Mura-Zala basin” project (T-JAM) under the Slovenia-Hungary CrossBorder Operational Programme 2007-2013 (European Commission 2008). At the time of project initiation,
the Mura-Zala was not officially delineated nor were resource management practices aligned countries
(Nádor and Lapanje 2010). Thus, the project aimed to identify and delineate the transboundary groundwater
body. and assessed the potential risks and opportunities for exploiting its geothermal potential. The project
generated an unofficial delineation of the aquifer; placed existing data collected from nearly 1,200 boreholes
in a proprietary database and geothermal model; and made public the most representative data (T-JAM
Project 2014). Countries’ report included “Cross-border management recommendations,” that were tailored
to the Permanent Bilateral Slovenian – Hungarian Water Management Commission.
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North-western Sahara Aquifer System, 1968
Governance frameworks for the North-western Sahara Aquifer System (the Système Aquifère du Sahara
Septentrional [SASS] in French) were born out of extensive scientific cooperation between Algeria, Libya,
and Tunisia. Notwithstanding that the SASS Aquifer was largely undeveloped before 1980, between 1968
and 1971, UNESCO, Algeria, and Tunisia started modeling the SASS (Sahara Sahel Observatory [OSS]
2008). The project was continued from 1982-1983 with funding from the United Nations Development
Programme (UNDP) in response to Algeria and Tunisia began large-scale groundwater abstraction in 1982
(Governments of Tunisia, Algeria, and Libya n.d.). Simultaneously, Libya developed two groundwater
models of the SASS to better understand the consequences of groundwater abstraction. Over the next twenty
years, the aquifer states established several bilateral initiatives.
In 1998, all three countries jointly engaged in governing the SASS as part of a three-phase project. The goal
was increased scientific knowledge and management capacity (Sahara Sahel Observatory and Global
Environmental Facility 2008). The first phase was completed in 2002. It included a negotiated consultative
mechanism, a Steering Committee, a Coordination Committee, and an Ad Hoc Scientific Committee. For the
second phase, the countries with the support of OSS developed the permanent Mechanism for Concerted
Action. In 2007, countries established and funded the SASS coordination unit (Sahara Sahel Observatory
2008). The third phase focused on the socio-economic and environmental aspects SASS development (Sahara
Sahel Observatory and Global Environmental Facility 2008). At the conclusion of the GEF Project, the
ongoing monitoring, modeling and management of the aquifer system was included in the SASS Strategic
Action Programme (SAP).

Nubian Sandstone Aquifer System, 1992
The Nubian Sandstone Aquifer System (NSAS) crosses Egypt, Chad, Libya and Sudan and is the world’s
largest identified freshwater reservoir. The NSAS is also a non-recharging aquifer system containing fossil
groundwater (International Atomic Energy Agency [IAEA], 2010). Egypt and Sudan are also part of the Nile
River Basin. In the 1970’s, the International Fund for Agriculture Development under the auspices of the
Centre for Environment and Development for the Arab Region and Europe (CEDARE) initiated projects and
management activities for the NSAS.
These activities triggered Egypt and Libya’s forming the Joint Authority for the Study of the Development of
the Nubian Sandstone Aquifer Waters (Joint Authority), which was formalized in a constitution in 1992
(International Atomic Energy Agency 2012). In 1996 Sudan also signed the constitution, then Chad in 1999.
In 2000, the countries signed the “Programme for the Development of a Regional Strategy for the Utilization
of the Nubian Sandstone Aquifer System” (Republic of Chad et al. 2000). The Programme is composed of
two legally binding agreements: one for the monitoring and exchange of NSAS groundwater information and
the other establishing a data information system.
Subsequently, the Joint Authority facilitated several initiatives and partnerships with regional and
international organization; significantly enhanced the technical knowledge of the NSAS; and assessed the
interaction between governance of the aquifer with political, economic, environmental and humanitarian
issues in the region. The IAEA/UNDP/GEF Medium Sized Project, “The Regional Formulation of an Action
Programme for the Integrated Management of the Shared Nubian Aquifer” was instrumental in increasing
cooperation over the aquifer. The project aimed to develop a sustainable management and use framework for
the Nubian Aquifer System (International Atomic Energy Agency, 2010). It also resulted in the 2012 NSAS
Regional Strategic Action Program (SAP), which guides future activities and legal agreements for NSAS
management (International Atomic Energy Agency 2012).

104

CHAPTER 6

Orange-Senqu River Basin Aquifers, 2008 (including the Stampriet Transboundary
Aquifer System [STAS])
Orange-Senqu River Basin Commission (Orange-Senqu Commission) crosses Botswana, Lesotho, Namibia
and South Africa. The Stampriet Transboundary Aquifer System and the Molopo Aquifer are transboundary
aquifers that are hydrologically connected to the basin’s surface waters. These groundwater resources falls
within the mandate of the Orange-Senqu Commission. However, the extent to which groundwater is
addressed in the Orange-Senqu Commission is limited to risks assessment and identification of stress
indicators. Groundwater use reduces stress on surface water resources in many parts of the catchment. There
are two known instances of transboundary groundwater impacts. First, industrial contamination in the
Molopo and Ramotswa aquifers (Governments of Botswana, Lesotho, Namibia, and South Africa 2009).
Second, in the Stampriet Transboundary Aquifer Systems (STAS), where large-scale groundwater use by
Namibia is of increasing concern (Alker 2008; see Chapter 8).
The 2008-2013 Orange-Senqu RBO, GEF, UNDP project for the Development and Adoption of a Strategic
Action Program for Balancing Water Uses and Sustainable Natural Resource Management directed more
attention to groundwater in the basin. Groundwater-specific project outcomes included an assessment of
transboundary the resources and the launch of the Transboundary Aquifer Initiative - a task force of the
Orange-Senqu Commission. In the next phase of the project, particular attention will be given to groundwater
resources as well. Developments regarding the STAS are discussed in Chapter 8.

Scheldt River Basin and Carboniferous Aquifer, 1994
The Carboniferous Aquifer is situated in France and Belgium’s Walloon and Flemish regions. The aquifer is
hydrologically linked to the Scheldt River, which traverses France, Belgium and the Netherlands. The
riparian countries have consulted about the Scheldt since the mid 1800’s. However, tensions between
Belgium and the Netherlands punctuated the 20th century, namely regarding the Moerdijk canal in the 1920’s
as well as navigation (e.g. port access) and sedimentation (e.g. environmental consequences of dredging)
between the mid-1960’s and late 1990’s (Meijerink 1999). The countries have since transitioned to a more
cooperative and integrated governance approach (de Vries 2008). In 1994, they signed the Treaty for the
Protection of the Scheldt and established the International Commission for the Protection of the Scheldt. The
countries signed the International Agreement on the Scheldt in 2002 to ensure accountability at the federal
level in Belgium and include provisions for coordination under the EU WFD (International Commission for
the Protection of the Scheldt 2005).
As of 2015, the Carboniferous Aquifer is failing the test for good ‘quantitative status’ due to
overexploitation. As a result, the International Scheldt Commission prioritized aquifer management and
acquired funding through the INTERREG program. However, the INTERREG programs may have a limited
effect on cross-border capacity building, in part, due to their short funding cycles (de Vries 2008).
Nevertheless, the INTERREG IVB Programme facilitated the establishment of the Contribute to a Better
Quality of Surface and Groundwater Bodies in the Scheldt International River Basin District (ScaldWIN)
initiative. ScaldWIN aims for ‘a set of cost-effective, innovative and transactional actions aimed at attaining
good water quality status of surface and groundwater bodies’ and establishing a transnational water
monitoring network (Lefébure 2012). ScaldWIN’s third work package was specifically dedicated to
groundwater and would (1) enhance monitoring of the Carboniferous Aquifer and (2) assess the potential for
saline intrusion due to sea level rise. In 2009, also as part of this work package, France and the Walloon and
Flemish regions entered a trilateral groundwater monitoring agreement (ScaldWIN, 2009). In the future, the
Scheldt Commission may develop a declaration and trilateral agreement for joint management of the aquifer
(Lefébure 2012).
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Sava River Basin Groundwater Bodies, 2002
The Sava River flows through Bosnia & Herzegovina, Croatia, and Slovenia and is the third-largest tributary
of the Danube. The Sava River was fully contained within the boundaries of the former Socialist Federal
Republic of Yugoslavia, but became transboundary after the Republics’ dissolution. The 1992, Stability Pact
for South Eastern Europe initiated regional environmental cooperation and launched the Sava River Basin
Initiative (International Sava River Basin Commission 2014). Eventually, the initiative became the 2002
Framework Agreement for the Sava River Basin. When the agreement entered into force in 2004, the parties
also created an interim Sava River Basin Commission. The Commission officially began its work in 2006
and has since conducted an inventory of groundwater bodies of basin-wide importance as well as laws and
institutions relevant to the basin.
In accordance with the EU WFD, the Commission delineated 41 groundwater bodies of basin-wide
importance, 20 of which are transboundary (International Sava River Basin Commission 2011a). There are
also 18 multilateral treaties and eight bi-national agreements specifically relevant to the Sava River that date
back over 60 years. Thus far, the Commission has provided water quality objectives for the groundwater
bodies and countries are developing proposals for EU WFD compliant groundwater monitoring systems. The
Commission also facilitates law and policy development for the states for groundwater assessment and
coordinates with the Danube River Basin Commission regarding flooding and navigation. Additional plans to
increase attention to groundwater in the basin are outlined in the Strategy on Implementation of Framework
Agreement on the Sava River Basin Management Plan (International Sava River Basin Commission 2011b).

Upper Rhine Valley Basin and Aquifer, 1975
The Upper Rhine River flows through France, Germany and Switzerland and is underlain by the Upper Rhine
Valley Aquifer. The Upper Rhine Valley Aquifer supplies drinking water to approximately 80% of the area’s
residents (Region Alsace 2014). Groundwater is used mostly by industry (68%). Drinking water supply is the
second largest use (20%) and the remaining water is used for agriculture (12%). Industrial pollution,
especially pharmaceuticals and nitrates, moved the aquifer states to jointly protect the aquifer (Huggenberger
et al. 2010). The 1975 Upper Rhine Agreement (‘Bonn Accord’) marked the beginning of formal water
governance in the Upper Rhine region. The Accord has since been superseded by the 2000 Agreement
between the Swiss Federal Council, the Government of the Federal Republic of Germany and the
Government of the French Republic on Cross- border Co-operation in the Upper Rhine Region (Upper Rhine
Agreement 2000). The objective of this agreement, as well as broader cooperation on the Upper Rhine, is to
‘provide drinking water without treatment, for present and future generations at a low cost’ (Region Alsace
2014).
This Agreement set forth implementation processes through the Upper Rhine Conference. The Conference
has an environmental working group, which has established groundwater as a priority implementation area
(Region Alsace 2014). Every six years, they also complete water quality assessments in compliance with the
EU WFD. Since this time, EU INTERREG has co-financed three projects for the aquifer focusing on
monitoring, modeling and public education (Deutsch-Französisch-Schweizerische Oberrhienkonferenz
2014). Another round of funding under INTERREG IVB supported the Transnational Organization for
Groundwater Protection at the Rhine (Länderübergreifende Organisation für Grundwasserschutz am Rhein
[LOGAR]) Programme. LOGAR created a groundwater expert network and continued monitoring and
assessment activities to prevent depletion. Neither the agreement nor the Conference put forth a
transboundary allocation regime in the Upper Rhine.
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6.2.3

Current Status of Regional Frameworks

African Convention on Conservation of Nature and Natural Resources, 1968
Environmental protection on the African Continent dates back to treaties agreed between colonial powers.
The 1968 African Convention on the Conservation of Nature and Natural Resources (African Convention)
was the first multilateral governance instrument adopted by independent African states with the purpose of
regulating and protecting the environment (Erinosho 2013). At the time, it was regarded as a progressive
piece of international environmental law. In 2003, the African Convention was revised to align it with
developments in international law as well as the rapidly changing environmental, social and economic
circumstances facing the African Continent. The objectives of the revised instrument are “to enhance
environmental protection; to foster the conservation and sustainable use of natural resources; and to
harmonize and coordinate policies in these fields with a view to achieving ecologically rational,
economically sound and socially acceptable development policies and programmes” (OAU 2003: Article II).
Of the 54 African states, 42 have signed the revised Convention but only 12 have ratified it. It has not yet
entered into force because 15 ratifications are required, reducing its legitimacy and effect. The Revised
African Convention’s scope covers a wide range of natural resources including, but not limited to, land and
soil, water, vegetation, and biodiversity. Article VII.3 specifically requires the “rational management” and
equitable utilization of groundwater and surface water resources and related ecosystems. This language in
addition to requirement for states to maintain water resources at the highest qualitative and quantitative levels
echoes that of the previously adopted EU WFD.

Association of Southeast Asian Nations’ Agreement on the Conservation of Nature and
Natural Resources, 1985
The Association of Southeast Asian Nations’ Agreement on the Conservation of Nature and Natural
Resources (ASEAN Agreement) is a legally binding regional treaty designed to maintain “essential
ecological support systems,” preserve biodiversity, and ensure sustainable development of nature resources
(Association of South East Asian Nations (ASEAN) 1985). The Convention’s scope covers a wide range of
natural resources, including but not limited to biological species, vegetation cover and forest resources, soil,
water, and air. Article 8 specifically mentions the need to conserve underground and surface water resources.
In order to achieve this, the text encourages countries to conduct hydrological research, regulate and control
water utilization, and take into account the effects of planned projects on water resources.

European Union Water Framework Directive, 2000
The European Union (EU) is a supranational, political-economic union with 28 member states, although UK
intends to leave the Union. The EU has legislative and judicial powers and can adopt regulations, which are
binding upon all member states and must be transposed into their national laws. Initially legislation relevant
to water resources management was disaggregated and included the EU Bathing Waters Directive, Drinking
Water Directive, Nitrates Directive and the Integrated Pollution and Prevention Control Directive. In 2000,
the EU adopted Directive 2000/60/EC of the European Parliament and of the Council establishing a
framework for Community action in the field of water policy (a.k.a. EU Water Framework Directive (EU
WFD) in an effort to consolidate the key norms for its water resource management based on the principles of
Integrated Water Resources Management (see Rahaman et al. 2004 r.e. gaps and overlaps between the EU
WFD and IWRM).
The EU WFD requires member states to improve the quantitative and qualitative status of rivers, lakes and
groundwater bodies by 2015.15 In 2006, the EU adopted a follow-up directive to the EU WFD, focused
specifically on Groundwater –Directive 2006/118/EC of the European Parliament and of the Council on the
15

Not all European aquifers are classified as groundwater bodies, see Section 3.4.3.
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protection of groundwater against pollution and deterioration (EU Groundwater Directive [EU GWD])
(European Parliament 2006). The EU GWD focuses on prevention and control of groundwater quality by
requiring member states to limit quantities of groundwater pollution. The EU GWD also sets specific water
quality standards for nitrates and pesticides. For other chemicals, states set threshold concentrations. The EU
WFD and EU GWD focus on domestic groundwater bodies but also address transboundary ones.

Southern African Development Community, 1980
Formal cooperation within the Southern Africa region began with the 1980 establishment of the Southern
African Development Coordination Conference (SADCC). SADCC fostered national political liberation in
the region and aimed to reduce dependence on the South African apartheid regime. In 1992, the SADCC
became SADC (Southern African Development Community 2015-a). Water cooperation in Southern Africa
also dates back to the late 1980’s. Botswana was independent at that time; however, Namibia was under
colonial rule and South Africa was in the throes of apartheid. Nevertheless, Namibia and South Africa
negotiated three bilateral agreements – two of which occurred after Namibian independence (Governments of
Botswana, Lesotho, Namibia, and South Africa 2009). Now SADC is instrumental in regional water
management.
The Protocol on Shared Watercourses in the Southern African Development Community (SADC Protocol)
was originally adopted in 1995 and revised in 2000. The Revised SADC Protocol lays the foundation for
regional water cooperation based on developments in international water law, namely the UN Watercourses
Convention. Thus, it emphasizes the equitable and reasonable use and integration of Integrated Water
Resources Management (IWRM) principles (Southern African Development Community 2015-b). The
Revised SADC Protocol does not prioritize vital human needs or acknowledge the human right to water and
sanitation, but gives greater emphasis to sustainable development, and includes the sovereignty principle.

6.2.4

Implications of Regional-Transboundary Frameworks’ Evolution

Transboundary and regional groundwater governance is in its infancy, highly pluralistic, influenced by many
actors, and geographically scattered. I draw some conclusions here regarding (1) the speed of their progress,
(2) geographic coverage, and (3) scope and principles (see also 6.3).
Prior to 1970 there were relatively few governance frameworks relevant for groundwater and most were in
North America and Africa. In the former, it was primarily because of concerns about groundwater quality
deterioration. In the latter, it was because of nations’ transitions from colonies to sovereign nations. Between
1970 and 1990 there were only three aquifers that initiated governance frameworks. However, since 1990
there has been significant activity. Such activities led to multiple laws, policies and/or programs initiated at
different levels of governance with overlapping scopes, objectives and jurisdiction. This may have been in
response to the global community’s growing interest in transboundary groundwater management as well as
the implementation of in-force legal instruments like the UNECE Water Convention, the EU WFD, and the
SADC Revised Protocol on Shared Watercourses. Additionally, the UN Watercourses Convention and the
Draft Articles on the Law of Transboundary Aquifers also place built momentum regarding the management
of transboundary groundwater resources. The World Bank’s Global Environment Facility was also funding
transboundary water projects since 1992.
Spatially, most frameworks are located in Sub-Saharan Africa, Europe and North America. This is
disproportionate to the actual distribution of TBAs world-wide. Africa and the Americas have the fewest
TBAs (72 and 73 respectively), Asia has 129 and Europe 318 (also includes groundwater bodies).
Interestingly, most of the world’s largest transboundary aquifers have at least begun developing a governance
framework, mainly due to international donor influence (see 6.2.2 r.e. the Guaraní, Nubian Sandstone and
North Western Sahara Aquifer Systems). Also, many of the EU’s TBAs are theoretically governed under the
provisions of the EU’s WFD. However, the lack of governance in groundwater dependent and groundwater
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Figure 6.1 Evolution of Regional and Transboundary Groundwater Governance Frameworks
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Table 6.1 Key characteristics of transboundary aquifers with governance frameworks
TRANSBOUNDARY
AQUIFER NAME
Abbotsford-Sumas
Aquifer
Bolsón del HuecoValle de Juárez Aquifer

AQUIFER STATES

Carboniferous Aquifer
(part of Scheldt River
Basin)

Belgium
France

Canadian-American
Great Lakes Basin and
Châteauguay Aquifer

Canada
United States of America

Danube River Basin
Groundwater Bodies

Austria
Bosnia & Herzegovina
Bulgaria
Croatia
Czech Republic
Germany
Hungary
Albania
Bosnia & Herzegovina
Croatia
Greece
Italy
France
Switzerland
Argentina
Brazil
Paraguay
Uruguay
Cameroon
Central African Republic
Chad
Cambodia
Laos
Thailand
Vietnam

Dinaric Karst Aquifers

Franco-Swiss Genevese
Aquifer
Guaraní Aquifer
System
Lake Chad Aquifer
System
Mekong River Plain
Aquifers

STORAGE
(MM3)
3,700

Canada
United States of America
Mexico
United States of America

Moldova
Montenegro
Romania
Serbia
Slovakia
Slovenia
Ukraine
Macedonia
Montenegro
Serbia
Slovenia

Niger
Nigeria

AREA
(KM2)
200

MAJOR USES

THREATS/RISKS

CATALYST FOR
GOVERNANCE
Health impacts due to
pollution
Overexploitation due
to agricultural
production

Agricultural
Domestic
Domestic
Industrial
Irrigation
Military
Agricultural
Domestic
Industrial

Localized overexploitation
Agricultural pollution
Pollution
Overexploitation
Salinization from irrigation

Agricultural
Bottled water
production
Domestic
Industrial
Agriculture
Balneology
Caloric energy
Domestic
Industry

Agricultural and industrial
pollution
Overexploitation
Agricultural, industrial, and
sanitary pollution
Localized overexploitation

Implementation of
Danube Convention

Agriculture
Domestic
Fishing
Industry
Livestock
Domestic

Reduced spring flow
Solid waste and sanitary
pollution
Saline intrusion
Ecosystem degradation
Overexploitation

UNECE inventory of
transboundary
waters

23,683

8,000

Unknown

4,500

1,287.5

2,500

Unknown

100,082

Unknown

19,700

74

19

40,000,000

1,200,000

Domestic
Geothermal energy
Industrial

Localized overexploitation
Localized pollution

New scientific
information about
hydrogeology

170,000360,000

1,917,000

Agriculture
Domestic

Drought
Desertification

Unknown

369,124

Aquaculture
Domestic
Irrigation

Agricultural and sanitary
pollution
Localized overexploitation

Drought and rapid
environmental
degradation
Third-party projects/
partnerships with
Sweden, the
Netherlands, IUCN

Sanitary, industrial, and
agricultural pollution
Overexploitation

Implementation of the
EU Water
Framework
Directive
Reduction in
groundwater quality
and quantity

Overexploitation
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TRANSBOUNDARY
AQUIFER NAME
Mura Zala Aquifer
Northwestern Sahara
Aquifer System

Nubian Sandstone
Aquifer System
Orange-Senqu River
Basin Aquifers
including the STAS
Iullemeden Aquifer
Sava River Basin
Groundwater Bodies

AQUIFER STATES
Hungary
Slovenia
Algeria
Libya
Tunisia
Chad
Egypt
Libya
Sudan
Botswana
Namibia
South Africa
Algeria
Benin
Mali
Croatia
Slovenia
Bosnia & Herzegovina

Niger
Nigeria
Mauritania

STORAGE
(MM3)
Unknown

AREA
(KM2)
4,974

Unknown

1,019,000

375,000,000

2,199,000

Unknown

Unknown

5,000,000

1,000,000

Unknown

20,518

Domestic

Unknown

9,00014,167

Agricultural
Domestic
Industrial
Agricultural
Municipal

Overexploitation

Agricultural
Domestic
Industrial

Agricultural and industrial
pollution
Reduced recharge due to
urbanization

Western Aquifer

Israel
Palestine

Al-Saq/Al-Disi Aquifer

Jordan
Saudi Arabia

750,000

308,000

Upper Rhine Aquifer

France
Germany
Switzerland

80,000

13,693

MAJOR USES

THREATS/RISKS

Balneology
Geothermal Energy
Agricultural
Domestic

Overexploitation

Agriculture
Domestic
Industrial
Mining
Domestic
Livestock
Mining
Agricultural
Domestic

Overexploitation
Salinization
Loss of artesian flow
Reduced discharge
Transboundary conflict
Increasing abstraction
Hyper-salinity (northern
portion only)
Loss of ecosystems
Contamination due to diffuse
pollution
Drought
Diminished recharge due to
surface water diversion
Land use changes
Drought
Salinization
Agricultural, industrial and
sanitary pollution

Overexploitation

CATALYST FOR
GOVERNANCE
Geothermal energy
exploration
Third party funding
for hydrogeological
research
Third party funding
for hydrogeological
research
Localized pollution
and/or third party
funding for
hydrogeological
research
Drought and rapid
environmental
degradation
Dissolution of former
Yugoslavia
Implementation of EU
Water Framework
Directive
Oslo II Peace
Agreement
Large-scale
groundwater
transfers
Contamination of
drinking water
supply
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stressed regions is startling (see Figure 6.1); notwithstanding that all recharging transboundary aquifers are
vulnerable to exhaustion and pollution, at least to some extent. The lack of groundwater frameworks in these
particularly vulnerable regions implies: (1) that countries are not yet using and/or polluting groundwater from
transboundary aquifers and thus have not been motivated to govern it; (2) that countries are over-abstracting
and/or polluting groundwater from these aquifers but do not realize it, as was initially the case for the
Genevese and Guaraní aquifers; (3) countries are consciously over-abstracting and/or polluting groundwater
resources but have not developed the political will (possibly because of other high priority issues), financial
resources, or public pressure necessary to initiate a groundwater governance framework.

6.3

PATTERNS AND LEGAL PLURALISM IN REGIONAL-TRANSBOUNDARY
GROUNDWATER GOVERNANCE

This section assesses patterns and pluralism in the global groundwater governance framework examining
scope, content, procedures and actor participation. The additional characteristics of codification, legality,
legitimacy and formality are discussed where relevant.

6.3.1

Groundwater in the Scopes of Regional-Transboundary Governance Texts

In terms of scope, groundwater governance frameworks incorporate groundwater in three different ways:
(a) Some define a TBA using ‘groundwater’ or ‘aquifers’ as the primary unit of governance (e.g. the FrancoSwiss Genevese Aquifer, NSAS, NWSAS, Guaraní), but mostly of these are not holistic - focusing on either
groundwater quality or quantity. Examples include the Abbotsford-Sumas’ focus on pollution and the Nubian
Sandstone aquifer’s focus on data exchange and information systems. Only a few aquifers have expanded
their early frameworks to be holistic, addressing the full range of groundwater governance challenges, for
example, the Bolsón del Hueco -Valle de Juárez moving from a focus on quality to integrated management of
the aquifer by the public water utilities.
(b) Others define groundwater as part of a river or lake basin without fully delineating the groundwater
resources, possibly because of limited capacity in hydrogeology (e.g. the Danube, Lake Chad, OrangeSenqu). Without proper identification or assessment of groundwater resources, RBOs tend to exclude
groundwater resources from their activities. For example, the IRBOs discussed above were generally
operational for 10 years or more, prior to implementing their mandates with respect to groundwater, even in
highly groundwater dependent regions such as in the Lake Chad and Orange-Senqu River Basins.
(c) The EU merges groundwater resources and administrative boundaries in order to fit the administrative
and aquifer scales together and promote norm coherence. However, the DIKTAS project in the Dinaric Karst
region, where only some aquifer states are EU members, could present challenges for norm coherence.

6.3.2

Patterns in Use of Principles

The content analysis of the regional-transboundary groundwater governance instruments reveals some
patterns. These patterns are illustrated in Table 6.2, which shows the principles included in each of the
regional-transboundary frameworks. Most of these frameworks include multiple laws, policies, and/or
programs. Thus, if a principle is included in any of these laws, policies, and/or programs, it is considered as
part of the framework.

Political Principles
At the regional-transboundary level, three of the seven principles are used in more than half of the
frameworks. These include exchange of information (19 frameworks), notification of emergencies (14
frameworks), and peaceful resolution of disputes (16 frameworks) (see Table 6.3). Notification of planned
measures is included in nearly half the frameworks, while obligation to cooperate and sovereignty are
included in 35% and 30% of frameworks respectively. No frameworks include the CBDR principle.
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Aquifer/basin as the Unit of Management

BATT

Conjunctive Use

EIA

Invasive Species

Monitoring
POLITICAL PRINCIPLES

CBDR
Exchange of Information
Notification of Emergency Situations
Notification of Planned Measures
Obligation to Cooperate
Peaceful Resolution of Disputes
Sovereignty
ENVIRONMENTAL PRINCIPLES

Upper Rhine Valley Basin Aquifer

Scheldt River Basin and Carboniferous Aquifer

Sava River Basin Aquifers

Orange-Senqu River Basin Aquifers

Nubian Sandstone Aquifer System

North-western Sahara Aquifer System

Mura Zala Aquifer

Mountain (Western) Aquifer Basin

Mekong River Basin Aquifers

Lake Chad Basin Aquifers

Iullemeden Aquifer

Guarani Aquifer System

Franco-Swiss Genevese Aquifer

Al Saq/Al Disi Aquifer

Dinaric Karst Aquifers

Danube River Basin Aquifers

Canadian-American Great Lakes Basin /Châteauguay Aquifer

Bolson del Hueco-Valle de Jaruez Aquifer

Abbotsford-Summas Aquifer

SADC Revised Water Protocol

European Water Framework and Groundwater Directives

ASEAN Agreement on the Conservation of Nature

Africa Convention on Conservation of Nature

Table 6.2 Inclusion of principles in regional-transboundary groundwater governance instruments

Pollution Prevention
Precautionary Principle
Protected Areas for (Ground)water
Protected Recharge and Discharge Zones
Protection and Preservation of Ecosystems
Subsidiarity
Water as a Finite Resource
SOCIAL PRINCIPLES
Capacity Building
Equitable and Reasonable Use
Human Right to Sanitation
Human Right to Water
Intergenerational Equity
Poverty Eradication
Prior Informed Consent
Priority of Use
Public Access to Information
Public Awareness and Education
Public Participation
Rights of Women, Youth, and Indigenous
Peoples
ECONOMIC PRINCIPLES
Open International Economic System
Polluter Pays
Water as an Economic Good
Bold/Grey = Regional Agreements
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Looking at each region provides additional insights. African frameworks prefer notification, exchange, and
cooperation, but do not significantly include the other principles. All of the Americas’ frameworks include
the principles of information exchange and notification, indicating consensus in this area. Three of their four
frameworks include dispute resolution and sovereignty but only one includes the obligation to cooperate.
Additionally, this is the region with the strongest emphasis on sovereignty. Asia includes the fewest political
principles overall, and only information exchange is included in at least half of them. The remaining
principles are included in only one framework. In Europe, all frameworks include information exchange and
peaceful resolution of disputes. Notification of emergency situations is in seven of the eight frameworks and
both notification of planned measures and obligation to cooperate are in half of the frameworks. The only
principle in less than one-fourth of European frameworks is sovereignty where it is included in the Scheldt
River framework. Interestingly, the Scheldt is one area that has ebbed and flowed between surface water
conflict and cooperation in Europe (Meijerink 1999).
Table 6.3 Patterns in political principles included in regional-transboundary groundwater governance
instruments
All Regions
(n=23)

Africa
(n=7)

Americas
(n=4)

Asia
(n=4)

Europe
(n=8)

count

%

count

count

count

count

CBDR

0

0

0

0

0

0

Exchange of Information
Notification of Emergency
Situations
Notification of Planned
Measures
Obligation to Cooperate
Peaceful Resolution of
Disputes
Sovereignty

19

83

5

4

2

8

14

61

2

4

1

7

11

48

3

4

0

4

8

35

2

1

1

4

16

70

4

3

1

8

7

30

2

3

1

1

Environmental Principles
Five of the thirteen environmental principles at the regional transboundary level are utilized in over half of
the frameworks analyzed: aquifer/basin as the unit of management, EIA, monitoring, pollution prevention,
and protection and preservation of ecosystems (see Table 6.4). The principles of BATT, the precautionary
principle, establishing protected areas for (ground)water, protecting recharge and discharge zones, and
subsidiarity are used in less than half of the frameworks and present interesting regional trends. Attention to
conjunctive use, invasive species or explicit acknowledgement of water as a finite resource is absent from the
regional-transboundary frameworks. The absence of the principle of conjunctive use is notable since eight of
the frameworks govern groundwater within the scope of a river or lake basin organization.
In Africa, monitoring is the only principle included in more than half the frameworks. Pollution prevention
and protection and preservation of ecosystems are in 15 of the frameworks. The remaining principles are
scarcely-included or absent. In the Americas, the protection and preservation of ecosystems is included in
three of the four frameworks, only being absent in the Abbotsford-Sumas. Using the aquifer/basin as the unit
of management, EIA, and protected areas for (ground)water are included in half of the frameworks and the
remaining principles are only used in one framework or are absent. The Asian frameworks only include five
of the thirteen environmental principles: aquifer/basin as the unit of management, monitoring, pollution
prevention, protected areas for (ground)water, and protection and preservation of ecosystems. However, there
is a relative consensus around these chosen principles at this level since all of them except using the
aquifer/basin as the unit of management are included in 13 of the 23 frameworks. Still Europe indicates a
higher level of consensus around its selected principles because all the principles included in the EU WFD
are applicable to the frameworks in the region. Further, review of these frameworks indicates that many have
updated their governance frameworks specifically to comply with the provisions of the EU WFD and EU
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GWD. Fifty percent of European frameworks protect groundwater recharge and discharge zones but
conjunctive use, invasive species, and water as a finite resource are absent from all European frameworks.
This indicates that groundwater-specific principles are not fully integrated in this region, despite the EU
GWD.
Table 6.4 Patterns in environmental principles included in regional-transboundary groundwater governance
instruments
All Regions
(n=23)

Africa
(n=7)

Americas
(n=4)

Asia
(n=4)

Europe
(n=8)

Count

%

count

count

count

count

Aquifer/basin as the Unit of
Management

13

57

2

2

1

8

BATT

9

39

1

0

0

8

Conjunctive Use

0

0

0

0

0

0

EIA

12

52

2

2

0

8

Invasive Species

0

0

0

0

0

0

Monitoring

16

70

5

1

3

8

Pollution Prevention

15

65

3

1

3

8

Precautionary Principle
Protected Areas for
(Ground)water
Protected Recharge and
Discharge Zones
Protection and Preservation
of Ecosystems
Subsidiarity

10

43

1

1

0

8

10

43

3

2

3

2

4

17

0

0

0

4

15

65

2

3

2

8

8

35

0

0

0

8

Water as a Finite Resource

0

0

0

0

0

0

Social Principles
Three of the twelve social principles are included in more than five of the regional-transboundary
frameworks (see Table 6.5). Equitable and reasonable use is included most frequently (14 frameworks).
Public participation and public access to information are included in 11 and 9 frameworks, respectively.
None of the frameworks include the human right to water and sanitation nor intergenerational equity. The
remaining social principles are used sporadically.
Africa and the Americas use the broadest range of social principles. African frameworks emphasize equitable
and reasonable use, poverty eradication, prior informed consent, and priority of use. However, participation,
awareness and education of the public as well as capacity building are barely included. Further, rights-based
principles (e.g. HRWS and rights of marginalized groups) are absent from the frameworks entirely. In
contrast, the Americas emphasizes public awareness and participation (although not access to information). It
is also the only region to include the rights of indigenous peoples through the framework for the Great Lakes
Basin. Capacity building is included in the Guaraní framework, equitable and reasonable use in the
Abbotsford-Sumas framework, and prior informed consent in the Great Lakes Basin framework.
Asia and Europe include a narrower range of principles, but contrast sharply in the degree to which these
principles are included. Equitable and reasonable use and public awareness and education are each included
in the Asian frameworks - once in the Mekong river basin framework and the ASEAN environmental
agreement respectively. In Europe, equitable and reasonable use, public access to information and public
participation are each included in all the frameworks because of their inclusion in the EU WFD.16

16

In Article 1(e), the EU WFD refers to this as sustainable, balanced, and equitable use.
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Table 6.5 Patterns in social principles included in regional-transboundary groundwater governance instruments
All Regions
(n=23)

Capacity Building
Equitable and Reasonable
Use
Human Right to Sanitation

Africa
(n=7)

Americas
(n=4)

Asia
(n=4)

Europe
(n=8)

Coun
t

%

count

count

count

count

3

13

2

1

0

0

14

61

4

1

1

8

0

0

0

0

0

0

Human Right to Water

0

0

0

0

0

0

Intergenerational Equity

0

0

0

0

0

0

Poverty Eradication

3

13

3

0

0

0

Prior Informed Consent

4

17

3

1

0

0

Priority of Use

3

13

3

0

0

0

Public Access to Information
Public Awareness and
Education
Public Participation
Rights of Women, Youth,
and Indigenous Peoples

9

39

1

0

0

8

3

13

0

2

1

0

11

48

1

3

0

8

2

9

0

2

0

0

Economic Principles
All economic principles are included in 10 or fewer regional-transboundary frameworks (see Table 6.6). The
polluter pays principle is most common, being included in 10 of 23 frameworks. While all European
frameworks include it, the polluter pays principle is absent in the Asian frameworks. Further, the principle is
only included once in the other regions, namely the Great Lakes basin and Iullemeden frameworks.
Water as an economic good is in 43% of the frameworks. It is used in all European frameworks,17 in one
American and one Asian framework, but is absent from African frameworks. The Guaraní is the only
framework including an open international economic system by way of the MERCOSUR environmental
agreement.
Table 6.6 Patterns in economic principles included in regional-transboundary groundwater governance
instruments
All Regions
(n=23)
Open International Economic
System
Polluter Pays
Water as an Economic Good

Africa
(n=7)

Americas
(n=4)

Asia
(n=4)

Europe
(n=8)

count

%

count

count

count

count

1

4

0

1

0

0

10

43

1

1

0

8

10

43

0

1

1

8

17

Article 9 of the EU WFD discusses “cost recovery for water services” and consequently, this provision is
applicable to all EU states and the groundwater bodies therein. Nevertheless, only 63% of the frameworks
explicitly mention water as an economic good or cost recovery in the instruments outside the EU WFD.
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Map 6.2 Groundwater Depletion in Transboundary Aquifers with Governance Frameworks
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Map 6.3 Groundwater Contamination in TBAs with Governance Frameworks
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6.3.3

Pluralism in Process and Participation

There are myriad combinations of procedures, modes of implementation, and actor participation within and
across regional-transboundary frameworks. The most common situation is a commission or committee that
functions under the auspices of an aquifer, river or lake basin agreement that includes all relevant actors.
This is the case for the Al Saq-Al Disi Aquifer, Canadian-America Great Lakes, Danube River Basin,
Franco-Swiss Genevese Aquifer, Lake Chad Basin, Mekong River Basin, Nubian Sandstone Aquifer System,
Orange-Senqu River Basin, Scheldt River Basin, Sava River Basin and Upper Rhine River Basin. There are
also some slight variations, wherein the agreement also falls under supranational law (e.g. the EU), the
agreement operates parallel to a regional agreement (e.g. SADC) or there are additional environmental or
water agreements including subsets of the actors (e.g. Great Lakes Basin). The content analysis indicates that
such a structure improves coherence in content. However, it does not always successfully address the scale
issue, wherein not all countries sharing a surface water resource will share all the related groundwater
resources.
In another set of cases, the status of actors and/or their participation varies, creating issues of legitimacy. For
example, neither the DIKTAS project nor the Mekong agreement include all the countries sharing the
groundwater resources. The former was because not all countries were eligible for GEF funding
(Governments of Albania, Bosnia & Herzegovina, Croatia, and Montenegro 2011) and the latter due to China
and Myanmar having observer status, namely being ‘dialogue partners’ (Mekong River Commission for
Sustainable Development 2016) . In both cases, it is unclear what consequences this has for groundwater
governance. In the Mountain (Western) aquifer case, the legitimacy of the Oslo Accords is debated since
Palestine is considered an occupied territory, not a sovereign state (Kittrie 2003). The Guaraní agreement
awaits ratification and lacks a procedural mechanism, so it is stalled with respect to implementation. In US
and Mexican transboundary aquifers, the US unilaterally adopted legislation regarding the assessment,
monitoring and management of transboundary aquifers. While the bill has spurred cooperation with the
Mexican government, it does not constitute a bilateral governance instrument. Also in the Mura-Zala, there is
no aquifer-specific instrument that includes all the countries; however, there are several bilateral agreements
and EU directives that form the basis for cooperation.
A final set of cases are those where sub-national or non-state actors are the primary implementing actors. The
Abbotsford-Sumas aquifer is subject to multiple bilateral treaties between Canada and the US. Nevertheless,
governance activities have primarily occurred through local-level stakeholder groups. The Genevese
agreement delegates governance to the local level authorities, particularly for the management of the artificial
recharge facility. In the Bolsón del Hueco - Valle de Juárez, the Mexican and US municipal water providers
took on governance functions in the face of inadequate state-level action. In the latter two cases, focusing on
local-level actors and procedures had highly beneficial results with regard to groundwater resources
sustainability, but not necessarily norm cohesion (see 6.4.2).

6.4
6.4.1

DISCUSSION: CONTRIBUTING TO SUSTAINABLE AND INCLUSIVE DEVELOPMENT AT
THE REGIONAL-TRANSBOUNDARY LEVEL
Principles’ Relationship to Drivers

There are numerous drivers of groundwater problems at the regional-transboundary level. This discussion
focuses on the regional-transboundary drivers (see 3.2 and Table 3.1) which includes drivers identified in the
cases as well as through literature that is not case specific.
Ideally, the political principles would address drivers such as political dynamics between states and also
create linkages to non-groundwater policies. Political dynamics between states are in part addressed through
CBDR, information exchange, notification of planned measures, and sovereignty. While, exchange of
information is widely used at this level and planned measures is present in nearly half of the frameworks,
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CBDR is absent and may prevent the driver from being fully addressed. Limited sovereignty is in nearly onethird of the frameworks, but none of them explicitly address the ownership status of the resources as shared
by countries, divided by countries’ share of groundwater underlying their territory or otherwise. The Guaraní
agreement comes closest by stating that each country has sovereignty over its portion of the aquifer. Nongroundwater policies are not addressed through specific principles in the framework. In some cases, such as
the EU WFD or the Nubian and Iullemeden SAPs, a need for linkages to other regulatory fields is discussed.
The social principles, if included robustly, could deal with drivers such as pumping and pollution by
individuals, and local authorities, commercial agriculture and industries by ensuring equitable distribution of
and access to groundwater resources as well as preventing degradation of transboundary groundwater
dependent ecosystems upon which populations rely. Regrettably, most social principles are rarely used in the
regional-transboundary frameworks with the exception of equitable and reasonable use (in 61% of
frameworks) and the principles governing interactions with the public, all of which are used in less than half
of the frameworks. Consequently, there are no clear agreed upon principles through which to establish
allocation regimes nor is there a mechanism through which the public can learn and influence decisionmaking in this regard.
The included environmental principles are insufficient to counter drivers such as naturally-occurring shifts in
available water quantity and climate change, but might counter changes due to land use strategies. The
regional-transboundary frameworks also do not deal with the natural changes in available water quality and
quantity (e.g. as a result of invasive species or geogenic contamination) even though such changes may bring
about questions regarding equitable allocation between countries. Climate change adaptation was not
included in any of the legal or policy documents at this level. It was only addressed to a limited extent in the
Strategic Action Programme of the Nubian Sandstone Aquifer. Further, ecosystems services such as
groundwater storage via managed aquifer recharge, carbon sequestration and geothermal energy production,
which are considered climate change adaptation and mitigation techniques respectively, are not explicitly
addressed in any transboundary framework. Clean energy production that exploits thermal groundwater is
only addressed in the Mura-Zala framework but not in (ground)water-specific legal or policy texts. Although
land use strategies are not specifically addressed in the frameworks, principles such as monitoring, pollution
prevention and establishing protected areas can counter this driver, if implemented collectively.
Due to a lack of economic principles, drivers such as pumping and pollution from industry, trade and shifts in
economic conditions are not explicitly addressed. However, frameworks targeted at preventing pumping and
pollution from commercial agriculture (e.g. the Al-Saq/Al-Disi) and to sustain urbanization (e.g. groundwater
transfers from the Nubian to Libyan cities) are emerging. Yet, the analysis indicates that regionaltransboundary frameworks address these issues through principles such as data exchange and monitoring,
rather than through economic incentives/disincentives or through explicit allocation and land use planning
principles. Countries governing TBAs rarely control volumetric allocation, licensing or economic
approaches; exceptions include the Franco-Swiss Genevese and the Bolsón del Hueco -Valle de Juárez
frameworks.

6.4.2

Incoherence and Contradictions on Principles

There is a high level of pluralism with respect to how regional and transboundary groundwater governance
frameworks suggest coordinating political interaction, protecting groundwater resources, organizing and
legitimizing rights, allocating groundwater resources, and governing within a neo-liberal paradigm. This
Section highlights key areas of incoherence and contradictions.
The regional-transboundary frameworks indicate some level of agreement around information exchange,
notification of emergencies, and dispute resolution. However, each region expresses different preferences
with regard to which political principles are emphasized. Africa and Europe both emphasize notification,
exchange and cooperation. In contrast, the Americas emphasizes sovereignty and Asia does not substantially
include political principles. Further, CBDR is absent from regional-transboundary frameworks even though it
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has clear implications for allocation of rights and responsibilities at this level. Nevertheless, the most
convergence occurs with regard to the political principles.
One would anticipate that at the regional-transboundary level, states would try to assert their sovereignty in
transboundary groundwater governance frameworks. However, only six of the twenty-three frameworks
explicitly include sovereignty. Only three of the six frameworks that include the sovereignty principle is
directly related to groundwater: the Iullumden Aquifer System (1964 Niamey Act Concerning the River
Niger Commission and the 1990 Niger-Nigeria Joint Commission for Cooperation), the 1995 Mekong
Agreement, and the 2000 Revised SADC Protocol. In the remaining frameworks, the principle is in texts
indirectly applicable to water: 1906 Canadian-US boundary waters treaty in the frameworks of the
Abbotsford-Summas aquifers and the aquifers of the Great Lakes and the 1991 regional economic agreement
establishing MERCOSUR in the Guaraní framework. This indicates that the explicit inclusion of the
sovereignty principle at the regional-transboundary level is neither a significant trend nor a source of
incoherence.
More environmental principles are less-included in Asia (four principles) than in Africa, the Americas and
Europe (between seven and ten principles). However, the degree to which the chosen principles are included
in the frameworks is higher in Asia and Europe (the selected principles are included in 3 of the 4 Asian
frameworks and nearly all of European frameworks, respectively) than in Africa and the Americas (roughly
half of frameworks on average). Thus, coherence varies across regions, both with regard to which principles
are included and the frequency of their inclusion. There is a high level of coherence across all regions
regarding monitoring (70%), pollution prevention (65%) and ecosystem protection (65%) and a moderate
level of coherence regarding using the aquifer/basin as the unit of management (57%) and EIA (52%).
When focusing on principles related to gathering groundwater data (EIA, precautionary principle,
monitoring; see Map 6.5) and groundwater-specific principles (conjunctive use, protected areas for
groundwater, and protecting recharge and discharge zones; see Map 6.6), some clear patterns arise. On
groundwater data, the EU and all European TBA frameworks include all three principles. The Iullemeden
framework also includes all three. The Africa Convention on the Conservation of Nature, the Bolsón del
Hueco -Valle de Juárez and Lake Chad framework do not include any of the three and the other frameworks
include some of the three in varying combinations. No framework includes conjunctive use, despite nearly
half of them being centered around river basin agreements. Only the Danube framework both established
protected areas and protects recharge and discharge zones. The other frameworks strongly prefer including
general protected areas rather than specific protections for recharge and discharge zone. These patterns imply
that there is some coherence around the issue of data gathering but not around the specific approach and that
there is little to no coherence around including groundwater-specific principles. Thus, the analysis also
indicates that frameworks at this level are most likely to include well-established environmental principles
and less likely to integrate emerging or groundwater-specific principles.
There is little attention to social principles at this level. Only, the principle of equitable and reasonable use is
included in more than half of the frameworks. There is a conspicuous absence of rights-based principles with
only the Americas giving attention to the rights of indigenous peoples in the Great Lakes Basin (see Map
6.6). Although principles regarding public engagement are somewhat integrated into most regions’
frameworks, attention to the issues of capacity building and intergenerational equity are lacking. However,
these two principles are highly relevant to groundwater given the limited capacity for groundwater resource
management in other areas of the world. Further, several of the aquifers at this level are non-recharging
indicating that intergenerational equity is a key concern.
The economic principles were barely included at this level, with the exception of the polluter pays principle.
Water as an economic good was present in Europe, but had minimal traction in Asia and the Americas and
was absent in Africa.
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Map 6.4 Inclusion of Data Gathering Principles in TBAs
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Map 6.5 Inclusion of Groundwater-specific Principles in TBAs
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Map 6.6 Inclusion of Allocation-related Principles in TBAs
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Overall, instruments at the regional-transboundary level mostly focus on political and environmental aspects.
Regional instruments as in the EU and SADC have a noticeable effect on the content of aquifer/basin-level
agreements. There are theoretical debates regarding the tension between the human right to water and
sanitation and water as an economic good as well as between sovereignty and equitable and reasonable use
(see 4.7). The legal pluralism analysis shows that these tensions manifest in two key ways at the regionaltransboundary level.
First, there is a clear paradox with regard to the principles of sovereignty, equitable and reasonable use, and
intergenerational equity. Overall, equitable and reasonable use is included by twice the number of
frameworks as sovereignty. Intergenerational equity is entirely absent, despite the presence of large, nonrecharging aquifers in North Africa and West Asia. However, the geographical distribution of these
principles indicates regional preferences. African and European frameworks emphasize equitable and
reasonable use over sovereignty. The SADC Water Protocol even goes as far as requiring water licensing in
transboundary river basins. American frameworks emphasize sovereignty over equitable and reasonable use,
except in the case of the Guaraní which includes both principles. Similarly, in Asia, the Mekong agreement
includes both principles as well. Other Asian frameworks do not include all three principles.
Additionally, in all cases, these principles are not included in all of the laws, policies, and programs relevant
to a particular region and/or transboundary aquifer, but rather only a few. As such, there is little agreement
regarding these principles across and within the regional-transboundary frameworks.
Second, the principles relevant to human rights, priority of use, and water as an economic good are either
absent or hardly included in the frameworks. Water as an economic good is most emphasized within Europe
via the EU WFD and is included once each in the Americas (MERCOSUR agreement) and Asia (Oslo II
agreement) (see Map 6.3). In contrast, three of the seven African frameworks include priority of use, but the
principle is not included in any other region. None of the frameworks include the human right to water and
sanitation. Percentage-wise, considering water as an economic good is included in twice as many frameworks
as the human right to water and sanitation and priority of use combined. Together, these findings show a high
level of incoherence between regional approaches to water services provision in a transboundary context.
This variation is likely attributable, so some extent, to differences in the types of groundwater problems
facing these regions.

6.4.3

Principles’ Relationship to Sustainability and Inclusive Development

This section assesses how the principles at this level contribute to sustainable and inclusive development.
Figure 6.2 shows the relative distribution of principles in the governance frameworks at this level.
The African region has the most emphasis on the social principles of all the regions. All but the NSAS have
frameworks consisting of at least 20% of the social principles. There is very little use of economic principles
in the frameworks. The political and environmental principles nearly equally share the remaining proportion
of principles. The groundwater governance frameworks in the region indicate that key drivers include
asymmetrical access to groundwater (across space and time), lack of clarification on ownership regimes,
natural changes in groundwater quality and quantity, as well as the full range of indirect drivers (e.g. climate
change, trade, economics, demography). The robust inclusion of social principles could increase access for
basic human needs but has the potential to be undermined in the absence of clear political principles
regarding groundwater ownership and CBDR for groundwater protection. Similarly, environmental principles
may protect groundwater and related environmental resources under the status quo, but without accounting
for time scale through linkages to climate change, including intergenerational equity, and accounting for
potential changes in groundwater quality the existing principles are not likely to be sufficient. Further, the
absence of economic principles indicates limited opportunity to counter drivers such as trade. This indicates
the potential for inclusivity along the environmental and social dimensions but little opportunity for
sustainability overall.
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Figure 6.2 Frequency distribution of Principles across All Regional-Transboundary Governance Instruments

The Americas has the strongest emphasis on political principles (all frameworks include >30% political
principles). The high-level of political interaction between American states may explain the relatively high
number of political principles present. Compared to the other regions, the Americas is the least focused on
the environment. Key drivers in the cases presented include quality degradation and depletion due to industry
(particularly agriculture), economy and non-groundwater policies and political dynamics between states. This
region had very pronounced environmental challenges that are hardly addressed by the frameworks’
principles – half establish protected areas for groundwater, 25% explicitly include pollution prevention or
polluter pays, and none protect groundwater recharge and discharge zones. And while, there is support for the
principles of public engagement, rights-based principles are nearly absent. There is very little use of
economic principles and moderate use of the other types. Thus, the role of industry, the economy, and the
underlying policies are unaddressed. Given the mismatch between the key drivers of groundwater problems
and the frameworks’ principles, the prospect for sustainable or inclusive development in the Americas is
narrow.
Asia is the region with the least balanced distribution of principles, with social and economic principles being
nearly absent. And despite a greater presence of environment principles than the other types, there are still
myriad issues related to over-abstraction and pollution throughout the region (see Map 6.2 and Map 6.3).
Given that groundwater composes a large portion of water abstraction in this region, especially West Asia,
key drivers are supply for human activities. Additionally, political dynamics and non-groundwater policies
play a major role since pushes for food security in water scarce areas are common. The absence of economic
principles in the frameworks as well as principles designed to facilitate water-smart trade politics undercuts
sustainable development in the region. Political instability in these areas is also centered to some extent
around water resources, yet there are few principles regarding cooperation and dispute resolution. Further, no
social principles are designed to address the role of groundwater in providing emergency supplies, coping
with sudden demographic shifts, nor is there support for equitable and/or rights based allocation in general.
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As such, there are little prospects for sustainable development and even less potential for inclusive
development.
Europe has the most balanced distribution of principles of all the regions, including all four types. Yet, there
is still a clear emphasis on the environmental dimension. Given that groundwater governance in Europe is
typically a subsidiary activity to river basin governance, there is not much information about the presence of
groundwater-specific drivers in the cases discussed. This is reflected in the fact that the groundwater-specific
principles are the least included environmental principles. The lack of attention to conjunctive use is
particularly notable, although it may be taken as an assumption within the IWRM approach of the EU WFD.
Nevertheless, it is clear that industrial activities and population growth have caused groundwater pollution
and depletion in some of the cases reviewed. The Mura-Zala aquifer case also indicates the potential
emergence of groundwater governance primarily related to energy development. The European frameworks
would likely make a reasonable contribution to sustainable development. However, the lack of groundwaterspecific principles may be an obstacle to integrating groundwater into implementation. Further, this region
has the strongest emphasis on water as an economic good, but an absence of a human rights approach.
Having said this, the EU countries have one of the best records in meeting the human right to water and
sanitation services with approximately only 2.4% of the population (12 million people) without regular
access to water or sanitation services (EUROSTAT 2016). But the World Health Organization Europe
Region, which includes many non-EU European Countries claimed that as of 2015 Europe had 912 million
people with 6.7% (62 million people) lacking access (World Health Organization 2016). Further, the refugees
in refugee camps in and on the borders of Europe may not be accurately included in these numbers and may
face increasing difficulties attaining access and rights to water.
Taken together, the groundwater governance frameworks at the regional transboundary level indicate that
regional political priorities and dynamics in combination with global development discourses influence the
distribution of principles. Africa focuses on poverty eradication and public engagement; the Americas
focuses on political dynamics rather than the environment; Asia uses very few principles; and Europe, having
benefitted from iterations of transboundary water policy making, demonstrates a balanced but conservative
approach. This also implies that although various norm dispersion mechanisms, such as projects from
international donors and IWRM have impacted the framework at this level (cf. Scheumann 2008). Context
specific-factors have a visible influence on the selection of principles. While this can be beneficial, the
analysis indicates that regional customization has, in many cases, led to a mismatch between the key drivers
of groundwater problems and the selection and creation of principles. Undoubtedly, this will limit
groundwater governance’s contribution to sustainable development at this level.
With regard to the sub-dimensions of inclusive development, there is moderate potential for relational
inclusiveness given that 39-61% of the frameworks include the political and social principles addressing state
interaction. However, the principles neither support social inclusiveness, nor environmental inclusiveness as
they lack groundwater-specific principles that would protect ecosystems.

6.5
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This chapter leads to the following conclusions. First, there are currently 23 regional-transboundary
frameworks, each made up between one and eight individual laws, policies, and/or programs that include
various combinations of the 35 governance principles. Of these frameworks two are limited to the general
environment, seven are focused on surface water (including boundary waters), one on all waters equally, and
thirteen are groundwater-specific. The roots of these laws, policies and programs can be traced to more than
100 years ago. Over the last 100 years, there has been a slow evolution of frameworks followed by rapid
development between 1970 and 2000, with 14 of the 23 frameworks emerging during this time (see Figure
6.1). However, within the last 15 years, progress has slowed down significantly, with only the Guaraní and
Al-Saq/Al-Disi Aquifer’s frameworks being developed. Furthermore, groundwater governance at this level is
not typically streamlined into a single instrument, but is rather an agglomeration of multiple instruments that
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govern various environmental and water resources. Moreover, the recently developed frameworks required
either a clear internal or external catalyst to begin governing groundwater, as opposed to it developing as a
result of consistent advancements in water knowledge and governance.
Given that 97% of the worlds known transboundary aquifers and groundwater bodies do not have
groundwater-specific governance frameworks, the slow rate at which frameworks are being adopted is
counter-intuitive. However, it could potentially be explained by: (i) countries focusing on the implementation
of existing bilateral and multilateral surface water agreements and/or IWRM approaches, most of which do
not explicitly include or exclude groundwater; (ii) water scarce countries being less willing to discuss or
conduct research on transboundary groundwater resources challenges due to concerns about allocation and
thus leaning back towards an absolute territorial sovereignty approach (Eckstein 2007); (iii) countries feel
that they lack the necessary information and capacity to address groundwater problems (see 1.3, 8.2.2,
10.2.2) (iv) a lack of political will and/or pressure to address issues regarding transboundary groundwater
resources; and (v) countries are experiencing treaty exhaustion within the area of global environmental
governance (e.g. as interviewees in my case study stated, see 8.3.3).
Second, most of the regional-transboundary governance texts define groundwater in one of three ways: as
part of the environment, as hydrologically connected to a river or lake basin, or as an aquifer. The most
recent governance laws policies and initiatives from the Abbostford-Summas, Bolsón del Hueco -Valle de
Juárez, Dinaric Karst, Al-Saq-Al-Disi, Franco-Swiss Genevese, Guaraní, Iullemeden, Mountain, Mura-Zala,
North-West Saharan and Nubian Sandstone Aquifers explicitly use the aquifer as the unit to be governed.
Further, because of the EU WFD and EU GWD, each of the European river basins has explicitly incorporated
groundwater into their scope. The transboundary river and lake basins analyzed have also taken a similar
approach with the exception of the Orange-Senqu River Basin, which does not explicitly include
groundwater in the legally-binding agreement but does include it in the agreement’s implementation. The
African Convention on the Conservation of Nature and the ASEAN Environmental Agreement are the only
two frameworks that only include groundwater as part of the environment.
The analysis shows that the scope and definition of groundwater in regional-transboundary governance texts
impacts the level of attention groundwater is likely to receive during implementation. Instruments with
broader scopes often neglect groundwater in implementation. For example, 70% of frameworks include the
monitoring principle, but this is hardly extended to groundwater in practice since few countries have
established monitoring networks. Notable progress is only made when the frameworks include a process in
which a groundwater-specific mechanism is established, such as the Danube Groundwater Task Force, the
groundwater expert network in the Upper Rhine Basin, and the groundwater technical group in the OrangeSenqu (see 8.3.3).
Lastly, in analyzing whether the principles individually and jointly contribute to sustainable and inclusive
development, I would first argue that the principles at regional-transboundary level do not address the
indirect drivers of groundwater problems, namely climate change, regional pressures for economic growth,
international trade, and non-groundwater policies. Political dynamics between states is addressed to a limited
extent. Only the framework of the Nubian Sandstone Aquifer System addresses climate change directly in the
text of its Strategic Action Programme, which unfortunately is not being implemented at present. With
respect to regional economy and international trade, only one framework explicitly calls for supporting an
open economic system, but possibly all implicitly do so; however, 43% of frameworks consider water as an
economic good. None of the frameworks specifically address non-groundwater policies, although the EU
WFD or the Nubian and Iullemeden SAPs discuss the need for linkages to other fields. Political dynamics
between states, from a legal perspective are countered by the customary principles of international law:
obligation to cooperate, peaceful dispute resolution and limited sovereignty. However, only one of these
three (dispute resolution) is included in more than 50% of frameworks. From an institutional perspective,
there is a need for clear agreements around sovereignty, groundwater ownership and allocation, information
sharing, and the responsibilities therein. While one-third of frameworks include limited sovereignty and none
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explicitly address the ownership status or include CBDR, 61% include equitable and reasonable use and 83%
include some form for data exchange or notification. This indicates that there is no consensus on the
principles that would address the political dynamics between states.
Direct drivers at the transboundary level include pumping and pollution by individuals, local authorities,
commercial agricultural and industry, land use strategies, and natural changes in groundwater quality and
quantity. The principles addressing pumping and pollution are moderately included in the frameworks. For
example, equitable and reasonable use is in 61%, pollution prevention in 65%, and protection and
preservations of ecosystems in 65% of the frameworks. Yet none of the frameworks directly address
agriculture, industry and land use through the principles. Both the Abbotsford-Sumas and Bolsón del Hueco Valle de Juárez do so through local activities stemming from civil society organizations and local authorities,
respectively. In general, there is a stronger preference to rely on data sharing (83%) and monitoring (70%)
than on principles directly addressing over-abstraction and contamination. Principles dealing with natural
changes to groundwater quality and quantity are also absent from all the frameworks. Thus, the lack of
attention to direct and indirect drivers at the regional- transboundary level will affect the ability of the
principles to counter the key causes of unsustainable water management.
Second, in terms of addressing the dimensions of sustainable and inclusive development, I find that political
aspects are dealt with through a regional preference in terms of the treatment of sovereignty – 75% of
frameworks in the Americas include it while it is in less than 30% of frameworks in other regions (see Table
6.3). This implies that expressly including sovereignty is not a paramount concern for most countries – even
at the transboundary level. Also noteworthy is the complete absence of CBDR, indicating that countries
sharing transboundary resources may not feel it is necessary to differentiate responsibility and capabilities,
even when there are hegemonic power differentials between riparian states (e.g. between Egypt and the other
Nubian Sandstone Aquifer states), economic differences between states (e.g. Brazil and other Guaraní aquifer
states), or when some states contain a much larger portion of the aquifer than others (e.g. Namibia’s large
share of the Stampriet transboundary aquifer). Alternatively, they feel that these aspects can be captured by
the social principle of equitable and reasonable use. There is also a clear emphasis on information exchange
and dispute resolution, which indicates that states feel that these are critical principles for regionaltransboundary groundwater governance.
In terms of environmental issues, groundwater specific principles range widely in how they are included in
the frameworks: e.g. conjunctive use is absent; establishing protected areas for groundwater is in 43%, and
protection of recharge and discharge areas is in 17% (see Table 6.4). Although five of the twelve
environmental principles appear in more than half of the frameworks (i.e. aquifer/basin as the unit of
management, EIA, monitoring, pollution prevention, and ecosystem protection), there are also two principles
(i.e. conjunctive use and water as a finite resources) that are absent from all frameworks. Although, it is the
dimension with the highest degree of consensus at the regional-transboundary level, the treatment of
environmental principles varies greatly across continents. In Europe, eight of the twelve principles are
included in 100% of the frameworks due to their inclusion in the EU WFD and GWD. African frameworks
also include eight of the twelve principles, but indicate a lesser degree of consensus. Asia and the Americas
include significantly less principles, only five and six principles respectively.
In terms of social principles, there is some consensus around equitable and reasonable use (61%), public
participation (48%), and public access to information (39%), mostly in Africa and Europe. However, the
remaining principles are in less than 20% of frameworks. Critical social principles such as capacity building,
intergenerational equity (for the use of non-renewable groundwater), and all the human rights principles are
nearly absent in the frameworks (see Table 6.5).
In terms of economic principles, only the Guaraní frameworks actually include the need to protect an open
international economic system via the regional MERCOSUR agreement (see Table 6.5) indicating a potential
emphasis on trade at this level. Water as an economic good is in the EU WFD and thus is prominent in the
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EU frameworks but is nearly absent elsewhere, indicating a general preference not to make this principle
explicit, even though groundwater governance is occurring in the context of a neo-liberal market economy.
The combination of political, environmental, social and economic principles also reveals that actors typically
choose between equitable and reasonable use and sovereignty, with more frameworks focusing on equitable
use. It also shows a stronger preference for water as an economic good (in seven frameworks) over water as a
human right (absent from frameworks).
Hence, the inability of these principles to structurally address the regional and transboundary drivers (except
perhaps in the context of the SDGs), and to address political, environmental, social and economic aspects in a
coherent manner means that states to not have the necessary framework to ensure equitable, reasonable and
sustainable groundwater allocation over time. Further, the absence of mechanisms through which states can
deal with multiple laws, policies and programs in a coherent way opens up these frameworks for potential for
error and/or negligence in implementation or even conflict between actors. It also seems that states prefer to
focus on data gathering and exchange rather than issues of allocation and resource protection, which may
delay taking action on these critical issues. This could hamper the ability of the regional-transboundary
framework for groundwater governance to achieve sustainable and inclusive development. However,
although not explicitly discussed in this Chapter, the overarching concept of IWRM, adopted in many parts
of the world in response to global level declarations and donor persuasion may provide room for promoting
sustainable and inclusive development.
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Chapter 7. Groundwater Governance at National Level
7.1

INTRODUCTION

This chapter discusses the current status of groundwater governance and its related normative framework at
the national level. It addresses the subsidiary questions: (1) How have groundwater governance frameworks
evolved at the national level? (2) How are hydrogeology, ecosystem services and the drivers of groundwater
problems taken into account at the national level? (3) Which groundwater governance principles have been
included in these governance frameworks at the national level? (4) How does legal pluralism manifest itself
at the national level? (5) How can current designs of the normative architecture become consistent with
sustainable and inclusive development at the national level?
This chapter analyzes in accordance with my methodology (see 2.5) the groundwater governance frameworks
of the 140 countries that had at least one water law or policy that explicitly included groundwater in its scope
and was available in English, Spanish, French or Arabic. There were 27 countries without laws, 29 countries
with laws in languages that fell beyond the scope of the research, and one country where groundwater is
regulated only at the subnational level (provincial or state).
This chapter proceeds as follows. Section 7.2 focuses on the temporal evolution of groundwater governance
at the national level. Section 7.3 discusses patterns in the principles included at this level. Section 7.4
analyzes the degree to which the principles address the drivers at the national level; and how the principles’
patterns and the instances of pluralism relate to achieving sustainable and inclusive development. Section 7.5
provides key inferences and responds to the research questions.

7.2
7.2.1

EVOLUTION OF NATIONAL GOVERNANCE INSTRUMENTS
Overview of Instruments

Culturally based norms of water governance have a history dating back thousands of years to Hammurabi
(Dellapenna and Gupta 2009; Kornfeld 2009). However, modern codification only began approximately 200
years ago. Codification specifically addressing groundwater resources only began, in earnest, about 50 years
ago (see Figure 7.1). To track the evolution of national groundwater laws over time, all national water-related
or environmental laws were reviewed and their date of adoption recorded. For countries with streamlined
water laws that fully superseded previous legislation, only that year was recorded. In cases where countries
maintained their original law and amended it, the original year of the laws’ adoption was recorded together
with the latest year of substantive revisions. Only the year of the latest revision is shown in Figure 7.1. In
some of these cases, laws that were originally adopted for surface water were revised later to include
groundwater and are consequently evaluated here.
The evolutionary analysis is also broken down into four periods: pre-1966, 1966-1992; 1992-2000, and 2000present. These periods were selected because they correspond to developments in global groundwater
governance i.e. the 1966 Helsinki Rules; the adoption of the 1992 UN Rio Declaration, Climate and
Biodiversity Conventions and UNECE Water Convention; and the 2000 EU Water Framework Directive, the
Revised SADC Protocol on Water Resources and the Millennium Development Goals. By examining
national groundwater governance according to these periods, interactions between developments across these
levels can be later inferred in Chapter 10.
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Figure 7.1 Evolution of National Groundwater Governance Frameworks

National Groundwater Governance Pre-1966
Although there has been customary law and case law with respect to groundwater, and laws on irrigation that
may have focused on extraction of ground water (Dellapenna and Gupta 2009), prior to 1966 there were only
eleven formal laws applicable to groundwater resources. Over half were laws that included all types of water
resources and the full range of uses. Two were specific to groundwater and one was specific to water supply.
The two were adopted as surface water laws at this time but later amended to include groundwater in their
scope. Geographically, nearly half of these laws were adopted in the Caribbean and the Pacific Island
nations. The remainder were scattered in Southern Africa (Botswana), South America (Panama, Costa Rica,
Bolivia), South East Asia (Malaysia and Brunei), and the Middle East (Israel). The content of these laws
tended to be either highly general, covering a wide range of circumstances and situations cursorily or highly
specific, targeting specific uses, users or infrastructure. Exceptions were the South American laws, which
were both comprehensive in scope and provided relatively specific details regarding management actions and
implementation measures. Nevertheless, the lack of sophistication of national groundwater laws at this stage
is unsurprising giving that a majority of domestic water use and pollution challenges emerged in later time
periods.

National Groundwater Governance from 1966 to 1992
In the period from 1966 to 1992, the increased awareness and occurrence of environmental and water
problems in conjunction with the International Law Association’s initial codification of rules for
transboundary waters (ILA 1966) resulted in a nearly two-fold increase in the adoption of (ground)water
laws. A total of 35 new laws were adopted and four existing laws were amended, averaging slightly over one
law or amendment per year. Nearly half of the new laws were streamlined, covering all aspects of
(ground)water governance. The remaining were equally split into laws specific to water quality,
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environmental laws and laws specifically for groundwater. The laws specific to groundwater were primarily
adopted in the Middle East. Other regions that notably moved forward in adopting laws in this period were
West Africa, North and South America, and South Asia although there were no patterns in the types of laws
adopted therein. Developments in island states continued from the previous period as well. (Ground)water
laws in Europe and East Asia also began emerging at this time with two being adopted in each of these
regions.

National Groundwater Governance from 1992 to 2000
The period between 1992 and 2000 marked significant developments at the global level with respect to
environmental and water law and increased formation of governance frameworks at the transboundary level.
It also showed a significant increase in the adoption of groundwater-related instruments. Within just eight
years over a fourth of the world’s countries adopted a new law applicable to groundwater, averaging a rate of
over six laws adopted annually. This period also shows a clear shift toward streamlining these laws. Out of a
total of 47 laws, 30 were streamlined water laws and 12 were streamlined environmental laws. There were
also seven countries that amended their laws in this period and those amendments also focused on
streamlined water and environmental laws. There were only five countries that broke down the laws into
quality issues (Oman), groundwater specific issues (Bahrain, Oman, South Korea), and laws establishing
management institutions (Ethiopia, Ghana). Eastern Europe was a prominent geographic area of development
and the Central Asian and Southern African regions also began adopting more laws at this time. West Africa
and the island nations also continued adopting laws. Progress in other sub-regions was less notable.

National Groundwater Governance 2000 to Present
Since 2000, there has also been a rapid increase in adoption of (ground)water-relevant law, although at a
slightly slower rate than the 1992-2000 period (over five laws per year). There were 53 streamlined laws and
policies, six environmental laws, four groundwater laws and five water supply/industry acts adopted in this
period. The Democratic Republic of Congo is the only country found that also integrated groundwater
protection into its Constitution. Further, there were nearly twenty amendments mostly regarding streamlined
water or environmental laws. Regionally, the Middle East, Western Europe, North Africa, and South East
Asia were the key areas where these developments took place. Several countries in South America and a few
countries in other regions of Africa, outside West and Southern Africa, adopted laws at this time.

7.2.2

Implications

The above analysis reveals that prior to 1966, there were few codified groundwater governance instruments
at the national level. This could be explained by both a lack of large-scale uses and development of
groundwater resources, particularly outside of industrialized countries and the tumultuous geo-political
climate characterized by both World Wars and decolonization in Latin America, parts of Africa and South
Asia. In the periods from 1966 to 1992 and 1992 to 2000, national-level political shifts (e.g. decolonization in
West Africa, the end of apartheid in Southern Africa, and the dissolution of the Soviet Union) in combination
with developments in global environmental law and policy making (e.g. 1992 Rio Declaration, 1992 Dublin
Statement, 1997 UN Watercourses Convention among many others) probably motivated an increased number
of countries to adopt groundwater governance frameworks. Further, the declining state of water resources in
North America or water management challenges such as flooding in South and South East Asia also spurred
codification forward. Since 2000, geo-political shifts have had a lesser impact on national governance; rather
epistemic communities on water management and governance and donor agencies have (Cullet 2013) made
significant efforts to increase attention to groundwater resources and update existing national laws and
policies to become congruent with global and regional governance instruments. As such, there was a marked
increase in codification between 2000 and 2010 with more than 35% of countries adopting new groundwaterrelated instruments or amending existing ones.

135

POLITICAL
CBDR
Exchange of
Information
Notification of
Emergency
Situations
Notification of
Planned
Measures
Obligation to
Cooperate
Peaceful
Resolution of
Disputes
Sovereignty
ENVIRONMENTAL
Aquifer/basin as
the Unit of
Management
BATT
Conjunctive Use
EIA
Invasive Species
Monitoring
Pollution
Prevention
Precautionary
Principle
Protected Areas
for
(Ground)water
Protected
Recharge and

136

Venezuela

Uruguay

United States

Trinidad

Peru

Paraguay

Panama

Nicaragua

Mexico

Jamaica

Honduras

Guyana

Guatemala

Grenada

El Salvador

Ecuador

Dominican Rep.

Dominica

Cuba

Costa Rica

Colombia

Chile

Canada

Brazil

Bolivia

Belize

Barbados

Argentina

Antigua and
Barbuda

Table 7.1 Inclusion of principles in national groundwater governance instruments: Americas and the Caribbean

Discharge Zones
Protection and
Preservation of
Ecosystems
Subsidiarity
Water as a Finite
Resource
SOCIAL
Capacity
Building
Equitable and
Reasonable Use
Human Right to
Sanitation
Human Right to
Water
Intergenerational
Equity
Poverty
Eradication
Prior Informed
Consent
Priority of Use
Public Access to
Information
Public
Awareness and
Education
Public
Participation
Rights of
Women, Youth,
and Indigenous
Peoples
ECONOMIC
Open
International
Economic
System
Polluter Pays
Water as an
Economic Good

POLITICAL
CBDR
Exchange of Information
Notification of Emergency Situations
Notification of Planned Measures
Obligation to Cooperate
Peaceful Resolution of Disputes
Sovereignty
ENVIRONMENTAL
Aquifer/basin as the Unit of
Management
BATT
Conjunctive Use
EIA
Invasive Species
Monitoring
Pollution Prevention
Precautionary Principle
Protected Areas for (Ground)water
Protected Recharge and Discharge
Zones
Protection and Preservation of
Ecosystems
Subsidiarity
Water as a Finite Resource

United Kingdom

Switzerland

Sweden

Spain

Slovenia

Russia

Romania

Norway

Netherlands

Moldova

Malta

Macedonia

Luxembourg

Lithuania

Latvia

Ireland

Iceland

Germany

France

Finland

Estonia

Czech Republic

Bosnia and Herzegovina

Albania

Table 7.2 Inclusion of principles in national groundwater governance instruments: Europe

SOCIAL
Capacity Building
Equitable and Reasonable Use
Human Right to Sanitation
Human Right to Water
Intergenerational Equity
Poverty Eradication
Prior Informed Consent
Priority of Use
Public Access to Information
Public Awareness and Education
Public Participation
Rights of Women, Youth, and
Indigenous Peoples
ECONOMIC
Open International Economic System
Polluter Pays
Water as an Economic Good

POLITICAL
CBDR
Exchange of Information
Notification of Emergency Situations
Notification of Planned Measures
Obligation to Cooperate
Peaceful Resolution of Disputes
Sovereignty
ENVIRONMENTAL
Aquifer/basin as the Unit of
Management
BATT
Conjunctive Use
EIA
Invasive Species
Monitoring
Pollution Prevention
Precautionary Principle
Protected Areas for (Ground)water
Protected Recharge and Discharge
Zones
Protection and Preservation of
Ecosystems
Subsidiarity
Water as a Finite Resource
SOCIAL
Capacity Building
Equitable and Reasonable Use

Zimbabwe

Zambia

Uganda

Tanzania

Swaziland

South Africa

Seychelles

Rwanda

Namibia

Mauritius

Malawi

Madagascar

Lesotho

Kenya

Ethiopia

Djibouti

Comoros

Botswana

Table 7.3 Inclusion of principles in national groundwater governance instruments: Eastern and Southern Africa

Human Right to Sanitation
Human Right to Water
Intergenerational Equity
Poverty Eradication
Prior Informed Consent
Priority of Use
Public Access to Information
Public Awareness and Education
Public Participation
Rights of Women, Youth, and
Indigenous Peoples
ECONOMIC
Open International Economic System
Polluter Pays
Water as an Economic Good

POLITICAL
CBDR
Exchange of Information
Notification of Emergency Situations
Notification of Planned Measures
Obligation to Cooperate
Peaceful Resolution of Disputes
Sovereignty
ENVIRONMENTAL
Aquifer/basin as the Unit of
Management
BATT
Conjunctive Use
EIA
Invasive Species
Monitoring
Pollution Prevention
Precautionary Principle
Protected Areas for (Ground)water
Protected Recharge and Discharge
Zones
Protection and Preservation of
Ecosystems
Subsidiarity

Togo

Sierra Leon

Sengal

Nigeria

Niger

Mauritania

Mali

Liberia

Guinea

Ghana

Gambia

Equatorial Guinea

Democratic Republic of Congo

Côte D'Ivoire

Congo

Chad

Central African Republic

Cameroon

Burkina Faso

Benin

Table 7.4 Inclusion of principles in national groundwater governance instruments: Middle and West Africa

Water as a Finite Resource
SOCIAL
Capacity Building
Equitable and Reasonable Use
Human Right to Sanitation
Human Right to Water
Intergenerational Equity
Poverty Eradication
Prior Informed Consent
Priority of Use
Public Access to Information
Public Awareness and Education
Public Participation
Rights of Women, Youth, and
Indigenous Peoples
ECONOMIC
Open International Economic System
Polluter Pays
Water as an Economic Good

POLITICAL
CBDR
Exchange of Information
Notification of Emergency Situations
Notification of Planned Measures
Obligation to Cooperate
Peaceful Resolution of Disputes
Sovereignty
ENVIRONMENTAL
Aquifer/basin as the Unit of
Management
BATT
Conjunctive Use
EIA
Invasive Species
Monitoring
Pollution Prevention
Precautionary Principle
Protected Areas for (Ground)water
Protected Recharge and Discharge
Zones
Protection and Preservation of
Ecosystems
Subsidiarity
Water as a Finite Resource
SOCIAL

Yemen

United Arab Emirates

Turkey

Tunisia

Syria

Sudan

Saudi Arabia

Qatar

Palestine

Oman

Morocco

Jordan

Israel

Iraq

Iran

Bahrain

Azerbaijan

Armenia

Algeria

Table 7.5 Inclusion of principles in national groundwater governance instruments: North Africa and West Asia

Capacity Building
Equitable and Reasonable Use
Human Right to Sanitation
Human Right to Water
Intergenerational Equity
Poverty Eradication
Prior Informed Consent
Priority of Use
Public Access to Information
Public Awareness and Education
Public Participation
Rights of Women, Youth, and
Indigenous Peoples
ECONOMIC
Open International Economic System
Polluter Pays
Water as an Economic Good

POLITICAL
CBDR
Exchange of
Information
Notification of
Emergency
Situations
Notification of
Planned Measures
Obligation to
Cooperate
Peaceful Resolution
of Disputes
Sovereignty
ENVIRONMENTAL
Aquifer/basin as the
Unit of
Management
BATT
Conjunctive Use
EIA
Invasive Species
Monitoring
Pollution Prevention
Precautionary
Principle
Protected Areas for
(Ground)water
Protected Recharge
and Discharge
Zones

Viet Nam

Vanuatu

Thailand

Tajikistan

Sri Lanka

South Korea

Singapore

Samoa

Philippines

Papua New Guinea

North Korea

New Zealand

Nepal

Myanmar

Mongolia

Marshall Islands

Malaysia

Lao

Kyrgyzstan

Kazakhstan

Japan

Indonesia

India

Fiji

China

Cambodia

Brunei

Bangladesh

Australia

Afghanistan

Table 7.6 Inclusion of principles in national groundwater governance instruments: Central, East, South, South East Asia, and Oceania

Protection and
Preservation of
Ecosystems
Subsidiarity
Water as a Finite
Resource
SOCIAL
Capacity Building
Equitable and
Reasonable Use
Human Right to
Sanitation
Human Right to
Water
Intergenerational
Equity
Poverty Eradication
Prior Informed
Consent
Priority of Use
Public Access to
Information
Public Awareness
and Education
Public Participation
Rights of Women,
Youth, and
Indigenous Peoples
Open International
Economic System
Polluter Pays
Water as an
Economic Good
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7.3

PATTERNS AND LEGAL PLURALISM IN NATIONAL GROUNDWATER GOVERNANCE

This section uses the content analysis of the national groundwater governance instruments to analyze the
patterns therein. The outcomes of the content analysis are depicted in Table 7.1 through to Table 7.6

7.3.1

Groundwater in the Scopes of National Governance Texts

The patterns in the types of groundwater governance instruments and their geographic coverage show that
national-level instruments are mostly streamlined; and have wide geographic coverage. In particular, Map 7.1
indicates that all regions have varying approaches to including groundwater in the scope of their agreements,
with sub-Saharan Africa and South Asia having the most variation. Asia also has the highest prevalence of
countries with multiple types of instruments. There is also indication that Small Island Developing State
(SIDS) and arid/hyper-arid countries prefer groundwater-specific and drinking water focused instruments.
The map also shows no clear relationship between the types of laws and the occurrence of groundwater
depletion. It does not yet appear that streamlining has a clear, beneficial effect on the state of groundwater
resources (see Map 7.1).
Groundwater’s inclusion in the scopes of national governance texts creates two definitional issues: (1) with
respect to which resources the laws are governing; and (2) with respect to groundwater management and
planning in the context of river basins. Most countries include groundwater in their scope as a type of water.
Only a few explicitly address aquifers.
Countries regulate groundwater through their environmental, water resources, water supply, water quality
and/or groundwater-specific laws (see Map 7.1). As the purpose of the law becomes more specific to
groundwater - sometimes even disaggregating groundwater regulation into regulations of drilling, well
maintenance, etc. – the provisions become more tailored to the specific nature of the resource. This was
observed in 50% of the environmental laws, wherein the principles, such as ecosystem protection, were well
represented, but specific provisions like water quality standards were used to a much lesser extent. The
converse is present with the water quality and groundwater-specific laws, 61% of which focus
disproportionately on provision of day-to-day management, but hardly include any groundwater governance
principles. This presents certain advantages when trying to translate these laws into management actions.
However, it can be disadvantageous from the perspective of sustainable development, for example, when a
water supply law is not accompanied by a water resources law.
Governance based on river basin/catchment boundaries is a principle strongly promoted in the IWRM
discourse and has been integrated by 78 countries into their laws. Yet in many cases the river and aquifer
boundaries do not fully align and are further out of sync with administrative boundaries. Catchment-based
management approaches then face two practical challenges. The first is how to deal with aquifers whose
boundaries stretch beyond that of a single basin. The second is how to deal with multiple climatic zones in a
country, wherein one portion of the country is humid or temperate and suitable for basin management and
another portion is dry requiring aquifer level management. In countries where multiple type of laws apply to
groundwater, legal pluralism arises. Unfortunately, there is very limited information regarding how countries
deal with this in practice.

7.3.2

Patterns in Use of Principles

Political Principles
Of the 140 national frameworks evaluated, 40% or less explicitly use political principles (see Table 7.7). The
exchange of information, peaceful resolution of disputes and sovereignty are most commonly used, reflecting
their customary status in international law. The notification of emergencies, planned measures and the
obligation to cooperate are included in less than 15% of the frameworks. CBDR is only included in Tanzania
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as part of a larger suite of principles supporting “sustainable integrated water resources management and
sustainable development” (Government of Tanzania 2009: Article 5).
From a regional perspective, African countries include the most political principles overall, but place the
least emphasis on sovereignty. The countries in the Americas have the lowest level of inclusion of political
principles, excluding CBDR, notification of emergencies and obligation to cooperate from their frameworks
and hardly including notification of planned measures. Asian, Oceanian and European countries come close
to the global averages with a few exceptions. In Asia and Oceania, there is less attention to notification
principles and obligation to cooperate. In Europe, there is less attention to dispute resolution and more
attention to sovereignty, but with a strong emphasis on not causing transboundary harm.
Table 7.7 Patterns in political principles included in national groundwater governance instruments
All Countries
(n=140)
count
%

Africa
(n=41)
count
%

Americas
(n=29)
count
%

Asia and
Oceania
(n=46)
count
%

Europe
(n=24)
count
%

CBDR

1

<1%

1

2%

0

0%

0

0%

0

0%

Exchange of Information
Notification of Emergency
Situations
Notification of Planned
Measures
Obligation to Cooperate
Peaceful Resolution of
Disputes
Sovereignty

53

38%

16

39%

12

41%

15

33%

10

42%

15

11%

9

22%

0

0%

3

7%

3

13%

11

8%

5

12%

2

7%

2

4%

2

8%

9

6%

3

7%

0

0%

5

11%

1

4%

47

34%

17

41%

10

34%

18

39%

2

8%

37

26%

7

17%

8

28%

12

26%

10

42%

Environmental Principles
Only three of the twelve environmental principles are included in more than half of the national frameworks:
pollution prevention (90%), establishing protected areas for (ground)water (54%), and monitoring (52%).
Using the aquifer/basin as the unit of management and protection of preservation of ecosystems was included
in more than 40% of frameworks and EIA in slightly over 30%. BATT, conjunctive use and management,
controlling invasive species, the precautionary principle, protection of recharge and discharge zones, and
considering water as a finite resource were in less than 15% of the frameworks analyzed. This indicates only
a moderate level of world-wide consensus regarding environmental principles at this level.
Most principles appear to be preferred by particular regions, aside from EIA, which has relatively even
distribution. African countries have stronger preferences for using the aquifer/basin as the unit of
management, EIA, controlling invasive species, the precautionary principle and subsidiarity. This is
interesting to note as these are some of the key principles put forth in the IWRM discourse. Nevertheless,
African countries show weaker preferences towards monitoring, protection of ecosystems and groundwater
specific-principles. Countries in the Americas use pollution prevention, the precautionary principle, protected
areas for groundwater, protection of recharge and discharge zones as well as ecosystem protection. They also
have the highest inclusion of groundwater-specific principles relative to the other regions. However, they do
not include BATT or control of invasive species in their frameworks. Countries in Asia and Oceania, tend to
include principles at a frequency very close to global averages, with the exception of using the aquifer/basin
as the unit of management and protection of recharge and discharge zones, which are lower than average in
comparison to other regions. Europe includes the aquifer and basin as the unit of management, BATT,
monitoring and pollution prevention well above the global average. Yet it is interesting to note that European
countries do not include subsidiarity explicitly, although it is part of the EU WFD. Rather they move directly
to using the aquifer/basin as the unit of management, even though groundwater bodies are a hybrid between
aquifer and administrative scales.
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Table 7.8 Patterns in environmental principles included in national groundwater governance instruments
All Countries
(n=140)
count
%

Africa
(n=41)
count
%

Americas
(n=29)
count
%

Asia and
Oceania
(n=46)
count
%

Europe
(n=24)
count
%

Aquifer/basin as the Unit of
Management
BATT

67

48%

21

51%

12

41%

16

35%

18

75%

14

10%

1

2%

0

0%

5

11%

8

33%

Conjunctive Use

7

5%

1

2%

3

10%

3

7%

0

0%

EIA

43

31%

16

39%

8

28%

13

28%

6

25%

Invasive Species

4

3%

2

5%

0

0%

1

2%

1

4%

Monitoring

73

52%

16

39%

13

45%

24

52%

20

83%

Pollution Prevention

126

90%

36

88%

27

93%

39

85%

24

100%

Precautionary Principle
Protected Areas for
(Ground)water
Protected Recharge and
Discharge Zones
Protection and Preservation
of Ecosystems
Subsidiarity

17

12%

8

20%

4

14%

4

9%

1

4%

75

54%

22

54%

20

69%

18

39%

15

63%

9

6%

2

5%

5

17%

2

4%

0

0%

61

44%

12

29%

16

55%

22

48%

11

46%

9

6%

6

15%

2

7%

1

2%

0

0%

Water as a Finite Resource

3

2%

0

0%

1

3%

1

2%

1

4%

Social Principles
Social principles are hardly included in the national frameworks. Only two principles are present in more
than 20% of the countries: priority of use (47%), public participation (36%) and equitable and reasonable use
(27%). The remaining principles are in less than 15% of frameworks. Notably, the human right to
sanitation,18 poverty eradication19, and prior informed consent20 are each included in less than five
frameworks world-wide.
Again, African countries include the widest diversity of principles, with all principles being present in at least
one country’s laws. This region also shows the strongest inclusion of the human right to water and sanitation
as well as priority of uses. Countries in the Americas prefer equitable and reasonable use, poverty
eradication, prior informed consent, priority of uses, public education, awareness and participation and the
rights of indigenous peoples relative to the other regions. In contrast, Asian and Oceanic countries exclude
poverty eradication and prior informed consent. However, they place the most emphasis on capacity building
and include the human right to sanitation along with African countries.
European countries include the least social principles of all the regions with the human right to water and
sanitation, intergenerational equity, and poverty eradication missing. Public awareness and education as well
as rights of marginalized peoples are both well-below the global average. The remaining principles are
included at a rate very close to or above the global average (i.e. capacity building, equitable and reasonable
use, prior informed consent, priority of uses, public access to information, and public participation).

18

Mauritania and Algeria
Nicaragua, Venezuela, and Zambia
20 Nicaragua, Uruguay, Unite Kingdom, and the Seychelles
19
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Table 7.9 Patterns in social principles included in national groundwater governance instruments
All Countries
(n=140)
count
%

Africa
(n=41)
count
%

Americas
(n=29)
count
%

Asia and
Oceania
(n=46)
count
%

Europe
(n=24)
count
%

Capacity Building
Equitable and Reasonable
Use
Human Right to Sanitation

12

9%

2

5%

2

7%

6

13%

2

8%

38

27%

11

27%

11

38%

10

22%

6

25%

2

1%

1

2%

0

0%

1

2%

0

0%

Human Right to Water

10

7%

6

15%

3

10%

1

2%

0

0%

Intergenerational Equity

14

10%

5

12%

3

10%

6

13%

0

0%

Poverty Eradication

3

2%

1

2%

2

7%

0

0%

0

0%

Prior Informed Consent

4

3%

1

2%

2

7%

0

0%

1

4%

Priority of Use

66

47%

24

59%

15

52%

17

37%

10

42%

Public Access to Information
Public Awareness and
Education
Public Participation
Rights of Women, Youth,
and Indigenous Peoples

42

30%

10

24%

6

21%

13

28%

13

54%

20

14%

5

12%

6

21%

8

17%

1

4%

50

36%

15

37%

13

45%

10

22%

12

50%

20

14%

4

10%

7

24%

8

17%

1

4%

Economic Principles
The economic principle range from being nearly absent to relatively widely-used. The principle of
maintaining an open international economic system is only explicitly included in New Zealand’s framework.
In contrast, water as an economic good is in nearly 60% of frameworks and relatively evenly distributed
across regions. Although nearly all countries include fines and penalties for violating the provisions of their
laws, the polluter pays principles is only explicitly included in 34% of frameworks, the plurality of which are
in Africa and Europe. Most of the water laws do not seem to refer to water ownership patterns.
Table 7.10 Patterns in economic principles included in national groundwater governance instruments
All Countries
(n=140)
count
%

Africa
(n=41)
count
%

Americas
(n=29)
count
%

Asia and
Oceania
(n=46)
count
%

Europe
(n=24)
count
%

Open International
Economic System
Polluter Pays

1

1%

0

0%

0

0%

1

2%

0

0%

47

34%

19

46%

5

17%

12

26%

11

46%

Water as an Economic Good

82

59%

24

59%

20

69%

23

50%

15

63%

Legal Pluralism in Countries with Multiple Laws and Policies Directly
Applicable to Groundwater

7.3.3

This chapter is not looking at customary groundwater law, but only at legal pluralism within the formal legal
system. Customary groundwater law, however, is taken into account in the case study context (see Chapter
8).
Legal pluralism in national groundwater governance occurs when one country has multiple laws and policies
applicable to groundwater. The evolutionary analysis indicated that one country having multiple legal
instruments is becoming less common. The data shows that at least the following 16 countries experience
pluralistic conditions in the sense that there are multiple national water laws applicable to the same
jurisdiction (also see the ‘multiple types’ category in Map 7.1):
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1.
2.
3.
4.
5.
6.

Bahrain
Botswana
El Salvador
Gambia
India
Ireland

7.
8.
9.
10.
11.
12.

Japan
Jordan
Myanmar
Oman
Sierra Leone
Syria

13.
14.
15.
16.

United Arab Emirates
United Kingdom
United States of America
Yemen

Analysis of these 16 countries’ groundwater governance frameworks indicates there are two ways that
pluralism manifests. The first type of pluralism is when groundwater governance is decentralized from the
central or federal government to lower administrative levels such as provinces or “states.” It is inaccurate to
consider these as national level frameworks, unless the instruments are adopted in accordance with a model
law or policy.
Belgium is the only known instance of decentralization without a national level model law, although the EU
WFD and GWD could have fulfilled this function. Argentina, Brazil, India, and the United States provide
model laws or policies for their respective states. Yet on average these model laws and policies only include
10 of 35 principles. India’s model law is the most robust including 20 principles. This indicates that the
overall robustness of model laws and policies is limited and may not set a solid foundation upon which
regulations can be designed at the subnational level.
The second type of pluralism has to do with the disaggregation of groundwater governance across multiple
texts. In some instances, countries disaggregate various responsibilities for groundwater governance across
competencies related to natural resources management and planning e.g. agriculture and mining. Since the
content analysis focused on water and environmental laws and policies, those focused on other competencies
were not evaluated (see 1.4.2). Nevertheless, in other countries there were multiple water and environmental
laws present.
Box 7.1 explores the issue of legal pluralism within the United States because it deals with both types of
pluralism discussed here.
Box 7.1 Legal Pluralism in United States’ Groundwater Governance
The United States is governed under a federated legal system in which laws created at the national level must be
adopted by states. States must use the federal laws as a minimum standard, but can create additional and more
rigorous standards if they so choose. At the federal level, groundwater quality and quantity is regulated by several
laws related to environmental protection. Groundwater quality is regulated by (1) quality standards in the Safe
Drinking Water Act and the Clean Water Act; (2) prevention of toxic contamination through the Toxic Substance
Control Act; and (3) groundwater monitoring and remediation of contaminated groundwaters through the Resource
Conservation Recovery Act and Comprehensive Environmental Response, Compensation, and Liability Act. While
ideally, these laws would operate in close concert and apply equally to all groundwater resources, single aquifers
(or portions thereof) are sometimes regulated by different laws. Further, groundwater quantity is regulated by
states, meaning that different states may operate different allocation systems, such as the Rule of Capture,
Reasonable Use, Prior Appropriation, and Correlative Rights (Glennon 2002). Additionally, an individual state
may have separate allocation systems for surface and groundwater (e.g. California, see Carle 2016), which may or
may not deal with the hydrological connection between resources. Thus, federal governance of quality issues is
complicated by the need to work across myriad groundwater allocation systems. These pluralistic dynamics have
resulted in the widespread mismanagement of groundwater resources, especially in California, Texas and the states
of the High Plains and Ogallala aquifers.
Note: This Box item is largely based on the publication Conti and Gupta 2014, ‘Legal Pluralism in Groundwater
Governance’. Current Opinion on Environmental Sustainability, 11:42.

7.4

DISCUSSION: CONTRIBUTING TO SUSTAINABLE AND INCLUSIVE DEVELOPMENT AT
THE NATIONAL LEVEL
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7.4.1

Principles’ Relation to Drivers

Pumping and pollution by individuals, authorities, commercial agriculture and industries are key drivers at
the national level that are not comprehensively or coherently addressed by national frameworks. Leaving
these drivers unaddressed makes it more difficult to protect biodiversity and ecosystems services and achieve
equitable access and allocation. However, as discussed in Section 7.3.2, most countries prioritize providing
water for basic human needs in their policies, if not in implementation, without including the right to water or
making any mention of sanitation. At the same time, these countries include cost recovery without making
special provision for poor or at-risk communities. This is even more problematic given that almost no
countries explicitly include poverty eradication which implies that the poor may not be able to access or
afford water. Further, there are no principles that help deal with demographic shifts.
The importance of ‘the public’ is acknowledged to some degree in most of the laws, but few stipulate how
the inclusion of the public can help deal with drivers related to culture, beliefs and practices around
(ground)water particularly the role of women and youth in water access and management. This deficiency is
further underscored by the near absence of principles that support the rights of women, youth and indigenous
people. With respect to addressing large-volume users, 104 countries require licensing or permitting of uses
in their framework, which presumably would place some limitations on agricultural industries if enforced.
However, principles specifically tailored to this category of users are absent. Further, land use strategies are
only addressed directly through provisions in seven frameworks. While this is not sufficient to counter the
driver, it indicates that addressing the connection between (ground)water and land use could be an emerging
principle (see Table 10.1).
Biophysical drivers regarding natural changes to groundwater quality and quantity are only moderately
addressed at this level. The protection and preservation of ecosystems as well as monitoring could indirectly
counter this driver in that they would ensure that policymakers observe and react to changes in quality and
quantity. However, the laws lack more tailored principles that would help communities and ecosystems adapt
and cope with these changes, be it water purification, water transfers, upgrading well networks, etc. Climate
change is another driver receiving limited attention. Five countries include a principle for climate change
adaptation, six include Managed Aquifer Recharge (a potential climate change adaptation mechanism), two
include provisions for geothermal resources (a potential mitigation) and 17 countries include the
precautionary principle to facilitate action in the face of scientific uncertainty.
The drivers related to economic development such as abstraction and pollution from agriculture and industry
as well as shifts in (international) trade and the need for national economic growth are not well addressed at
the national level. It is clear that countries regard water as an economic good, both explicitly and implicitly.
Yet, inclusion of this principle has not led countries to include the polluter pays principle and therefore to
ensure internalization of environmental costs in projects using water. And although maintaining an open
international economic system is only in one framework, it is still likely that the neo- liberal economy still
has an influence on groundwater governance, particularly with respect to the trade in agricultural products.

7.4.2

Incoherence and Contradictions across National Governance Frameworks

National groundwater governance frameworks very greatly in how they suggest coordinating political
interaction, protecting groundwater resources, organizing and legitimizing rights, allocating groundwater resources, and governing within a neo-liberal paradigm. In a similar approach to Sections 5.4.2 and 6.4.2, I will
discuss the relevant principles and highlight key areas of incoherence and contradictions across frameworks.
Logically, the national frameworks emphasize the principles that are most applicable to intra-state
governance and de-emphasize those focused on inter-state governance. The analysis indicates some level of
agreement around information exchange, dispute resolution, and sovereignty. In most countries, the political
principles are included relatively equally across regions; although they may or may not address these issues
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within a domestic context. For example, most states apply notification of emergencies both domestically and
internationally, while only one mentions CBDR and is not explicit as to whether it would be applied
domestically. Africa emphasizes the notification of emergencies and planned measures as well as the
obligation to cooperate, slightly more than other continents. Asia and Oceania also emphasize cooperation.
Europe emphasizes planned measures and sovereignty in comparison with the other regions but deemphasizes dispute resolution, possibly because cooperation is considered well institutionalized in Europe.
Therefore, there is a moderate level of coherence with regard to the political principles at the national level.
All of the environmental principles are included in three or more national frameworks. Also, there is some
convergence around the well-established environmental principles: using the aquifer/basin as the unit of
management (48%); EIA (31%); monitoring (52%); pollution prevention (90%); protected areas for
(ground)water (45%) and protection and preservation of ecosystems (44%). However, the emerging
principles (namely invasive species and subsidiarity) and groundwater-specific principles are all included in
less than 10% of frameworks.
When focusing on principles related to gathering groundwater data (EIA, precautionary principle,
monitoring; see Map 7.2) and in groundwater-specific principles (conjunctive use, protected areas for
groundwater, and protecting recharge and discharge zones; see Map 7.3), some clear patterns arise. With
respect to groundwater data, nine countries include all three principles – Colombia, India, Ireland, Liberia,
Mauritania, Nicaragua, Peru, Samoa, and Togo. Another 26 countries - mostly in Africa, Europe and Asia use two of the three principles, while 54 countries include one and 51 none. This implies that there is
relatively little coherence around data gathering, despite this being a critical need in groundwater governance.
For the groundwater-specific principles, only India and Togo include all three principles. Thirty countries
include two of the three principles. Forty-eight include one of the three principles and this is most frequently
establishing general protected areas for groundwater. However, there are 60 countries that do not include any
groundwater-specific principles. These patterns imply that there is slightly more coherence around the issue
of data gathering than around groundwater-specific principles. Thus, the analysis also indicates that
frameworks at this level are most likely to include the well-established environmental principles and less
likely to integrate emerging or groundwater-specific principles.
The content analysis reveals a low to moderate inclusion of social principles in national frameworks. All the
principles were used in less than half of the frameworks. Rights-based principles were used in 10% of the
agreements overall and to varying degrees across regions. Europe included the least rights-based principles
and was in the lower range in terms of including equitable and reasonable use and priority of use, although,
principles of public access to information and participation are included in 30% and 36% of frameworks,
respectively. The principles of public education and awareness and capacity building are both in less than
15% of frameworks. This indicates a lack of attention to increasing understanding for (ground)water science.
The economic principles were moderately included at this level, except for the open international system
(only in one framework). The polluter pays principle is included in African and European frameworks to a
higher degree than in other regions. And water as an economic good appears in at least half of all regions’
frameworks. Many countries include one or the other rather than both of these principles implying that
countries emphasize cost recovery from water services as opposed to pushing agriculture and industry to
incorporate costs of environmentally harmful activities into their business practices. This is perhaps a
reflection of the overall neo-liberal context in which groundwater governance operates.
As discussed in Section 4.5, there are theoretical debates regarding the tension between the human right to
water and sanitation and water as an economic good as well as between sovereignty and equitable and
reasonable use. The tension between sovereignty and equitable and reasonable use is not relevant at this
level, since sovereignty is only relevant to allocation between states. However, the issue of groundwater
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Map 7.2 Inclusion of Data Gathering Principles in National Governance Frameworks
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ownership is relevant to equitable and reasonable use. Although ascertaining the specific groundwater
ownership and allocation regimes for every country falls beyond the scope of this thesis, the content analysis
identified two relevant issues along these lines: (1) whether the state claimed ownership or custodianship of
(ground)water and (2) whether they require licensing or permitting. The analysis showed that 82 countries
(59%) designate themselves as the owners/custodians of groundwater and 104 countries (74%) require
licensing and permitting. This does not take into account that under customary law, most British colonies
allowed for riparian ownership of groundwater – as in India and the US. Thus, there are significantly more
countries incorporating these governance approaches than those that require equitable and reasonable use
and/or establishing a priority of uses. This contrast indicates that countries want to ensure governmental
control over (ground)water resources, but have not necessarily taken the step of setting out guidelines and
priorities for allocation.
The analysis shows that overall more countries explicitly consider water as an economic good than include
the human rights principle relevant to allocation (see Map 7.4). No countries include all three rights-based
principles and water as an economic good simultaneously. Only Paraguay, Tanzania, and Venezuela include
the human right to water, the rights of women, youth and indigenous peoples and water as and economic
good all together. Central African Republic, Guinea, and South Africa include both the human right to water
and water as an economic good, but not the rights of women, youth and indigenous peoples. Together, these
findings show that most countries choose either neo-liberal or rights-based approaches to allocation and that
most prefer the former. Having said that, treating water as an economic good, could also be seen as simply
ensuring that it is managed with care; it does not have to mean that the resource will be privatized and priced
at market value.

7.4.3

Principles’ Relationship to Hard Sustainability and Inclusive Development

This section examines whether the principles adopted at national level can contribute to sustainable and
inclusive development. Figure 7.2 shows the distribution of principles in the governance frameworks at this
level. Implications for drivers are discussed based on the assumption that all the drivers discussed in Section
3.2 are to some extent present in national contexts.
When the principles included in countries frameworks are aggregated to country level and are assessed
according to their distribution across the dimensions of sustainable and inclusive development, a clear pattern
emerges. Of the 35 existing groundwater governance principles, 20% are political, 37% are environmental,
34% are social, 9% are economic. Most countries’ frameworks are composed of at most 20% political
principles, at least 40% environmental principles, at most 30% social principles, and at most 10% economic
principles. This indicates that there is a slight preference of countries towards the environmental principles
and away from the social and political principles. Since the sub-regions track each other closely with respect
to distribution of principles, I will focus the remainder of this discussion on a few outliers and then link to
sustainable and inclusive development.
In the Southern Africa sub-region, there is a visible emphasis on the social dimension with the frameworks
consisting of more than 35% social principles. This is potentially due to the influence of South Africa, which
has an influence on social principles and equity. North Africa includes a small number of principles relative
to other sub-regions. North America and the Caribbean have a strong focus on environmental principles
(>60%) and also de-emphasize political principles, with North American frameworks excluding political
principles completely and also including a relatively small number of principles overall. South America
emphasizes the social principles with the composition nearing 40%. In Oceania, there is a clear de-emphasis
of political principles, but an emphasis on economic principles. This could be linked to the fact that most
frameworks in this region are based on water supply laws. Also notable is that the Central Asian region has
the highest emphasis on political principles of all the sub-regions of the world. It is also interesting to see that
Eastern European frameworks emphasize political and social principles, compared to Europe overall; while,
Western Europe emphasized environmental and economic principles compared to Europe overall.
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Figure 7.2 Distribution of Principles across All National Governance Frameworks

Taken together, the groundwater governance frameworks at the national level indicate that, at the very least,
countries tend to focus on environmental issues, neglect social issues, and maintain the status quo regarding
political and economic issues. Further, it shows that regional political priorities and dynamics in combination
with global development discourses can influence the distribution of principles, at least at the sub-regional
level. Two of the sub-regions experiencing the most groundwater depletion, North Africa and North
America, include a relatively small number of principles in their frameworks. Looking at South Asia shows
that, despite the well-known depletion problems in the region, there is a greater focus on the social and
economic dimension in their frameworks. These findings imply that there is a relationship between the
drivers and inclusion of principles to counter these drivers at the national level.
The fact that most of the sub-regions have remarkably similar distribution of principles across the dimensions
of sustainable development indicate that there is limited context-specificity in the design of national
groundwater governance frameworks. For example, one would have expected sub-regions that have large
areas with semi-arid/arid and hyper arid conditions (e.g. North and Southern Africa, West and Central Asia,
and North America) to protect recharge and discharge zones and emphasize intra- and intergenerational
equity - especially given the high dependence on groundwater and the resources’ vulnerability to pollution
and depletion and the frequent occurrence of non-recharging aquifers. However, only two countries in
Southern Africa and one Country in Central Asia protect recharge and discharge zones. And intergenerational
equity is only in two Southern African frameworks. Even equitable and reasonable use is absent from North
American and Central Asian frameworks despite being one of the most commonly included social principles
overall. Undoubtedly, the lack of context-specificity in the design of groundwater governance frameworks
will limit groundwater governance’s contribution to sustainable development at this level.
With regard to the sub-dimensions of inclusive development, there is limited potential for relational
inclusiveness. Less than 10% of frameworks include notification of emergencies and planned measures and
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only three countries require prior informed consent. There is more coherence around the principles of public
access to information and public participation, which would support relational inclusiveness if actually
implemented. Social inclusiveness also has very limited potential given the emphasis on cost recovery and
the near absence of capacity building and public education and awareness, which would help to re-focus
countries’ attention from wealth creation to human and natural capital development. Further, environmental
inclusiveness has moderate potential due to the widespread inclusion of pollution prevention and significant
attention to monitoring and protecting areas for groundwater resources. However, the lack of inclusion of
conjunctive use and the protection of recharge and discharge zone as well as intergenerational equity, limits
prospects along this sub-dimension.

7.5

INFERENCES

This Chapter draws the following three conclusions. First, regarding the evolution of the global groundwater
governance framework, there are currently 140 groundwater governance laws and policies in 130 countries
available in English, French, Spanish and Arabic. A further 29 countries had laws and policies outside the
research language. The relevant laws and policies include some of a total of 35 governance principles. These
laws and policies have multiple foci (see Map 7.1): all waters (90 countries), groundwater (6 countries),
water management (5 countries), water quality (1 country), drinking water (4 countries) and inclusion in the
constitution (1 country). These laws and policies emerged in four distinct periods (1) pre-1960; (2) 19601992; (3) 1992-2000; and (4) 2000-present. The initial period was marked by slow development and focused
on both water and groundwater-specific laws. In the second period, development accelerated slightly and
showed a focus on drinking water provision and quality protection. The third period showed a large increase
in both environmental and streamlined water laws and less focus on specific aspects such as quality or
management. The last period, showed a large peak in developments in the early 2000s, but a very dramatic
slowing of developments probably showing that water laws are now in implementation stage, since 105 out
of 195 countries have adopted or amended their law within the last 25 years. As such, further developments
are most likely to occur under the following conditions: (i) countries with pre-1990 laws adopt new laws or
update existing ones; (ii) there are new international and supranational legislations that must be transposed
into national law, thus requiring amendment; and (iii) there are changes in political boundaries requiring new
countries to create water laws.
Second, a majority of the laws applicable to groundwater resources at the national level were not specifically
designed for the governance of groundwater resources. There are a few exceptions, particularly in West Asia
and there are also some general water laws that include specific sections on groundwater resources. However,
less than 5% of the frameworks reviewed include such groundwater-specific sections. Table 7.7 indicates that
78 countries govern groundwater according to the boundaries of the aquifer or basin as opposed to
administrative boundaries. Although all countries assessed indicate that groundwaters are in the scope of
their laws or policies, they may not explicitly require the delineation of aquifers. The remaining countries do
not indicate the scale at which groundwater will be governed. The national governance texts, do not offer
guidance regarding how to reconcile surface water, groundwater and administrative scales including how to
reconcile domestic issues with transboundary ones. However, 50 countries require the development of basin
management plans and 34 require implementation bodies, both of which could help reconcile these issues in
practice. Yet it remains unclear the extent to which these mechanisms will address this issue directly. This
may be problematic in countries that have both humid zones, where governing at the river basin scale is most
appropriate and semi-arid/arid/hyper-arid zones where governing at the aquifer scale is most appropriate (see
Chapter 8).
Lastly, in analyzing whether the principles individually and jointly contribute to sustainable and inclusive
development, I would first argue that the principles at national level do not address some of the key drivers of
groundwater problems at the national level, namely the direct drivers of land use strategies, and natural
changes in groundwater quality and quantity. Additionally, the indirect drivers (e.g. climate change,
demography, trade, poverty) are either unaddressed or addressed to a very limited extent. Drivers related to
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social and cultural issues i.e. fulfilling basic human needs for water and sanitation, cultural inclusion, and
maintaining groundwater for cultural uses are dealt with incoherently and incompletely. The principles
included generally to not address all the relevant aspects of these issues or do not reconcile potential conflicts
between principles. Drivers related to groundwater quantity or quality degradation are focused on
contemporary anthropogenic activities but do not address potential natural fluctuations in quality and
quantity nor do they anticipate the potential future effects of drivers like climate change or advances in
subsurface drilling and water purification technologies. And although countries tend to see water as an
economic good, they do not include principles that link these in such a way that economic drivers can be
addressed, either through incorporating costs of externalities and making clear measures regarding trade of
groundwater intensive products. It is also clear that the drivers of groundwater change that are linked to nonwater activities such as land use changes, food security, and energy security are not clearly linked to
governance frameworks, even though these are likely to have the greatest impact on exacerbating the
problems of abstraction, recharge, and pollution glocally.
Moreover, in relation to sustainable and inclusive development, I find that in terms of political issues, states
hardly include the principles that are primarily applicable to interstate interactions namely CBDR,
notification of emergencies, notification of planned measures, and obligation to cooperation. The remaining
principles, which apply to both intra- and interstate interactions – information exchange, dispute resolution,
and sovereignty – were included to a greater extent. Europe has the strongest preference for sovereignty
(42%) and Africa the weakest (17%), while slightly more than a quarter of countries in the Americas, Asia
and Oceania include the principle (see Table 7.7). Only about a quarter of countries expressly include
sovereignty in their national framework; this indicates that states to not feel the need to emphasize
sovereignty within their own laws, although they may do so at other geographic levels. There was some
emphasis on information exchange, although some countries may have opted to address intra-state
information exchange through the principle of public access to information. The principle of dispute
resolution and/or a specific dispute resolution mechanism was only included in about one-third of
frameworks, indicating that states may not have taken up the challenge of water conflict resolution as of yet
or that cooperation is so institutionalized that it is unnecessary to discuss this.
In terms of environmental issues, groundwater-specific principles range widely in how they are included in
the frameworks: e.g. conjunctive use is only in 5% of the frameworks, mostly in the Americas, Asia and
Oceania; establishing protected areas for groundwater is in over half of frameworks; and protection of
recharge and discharge areas is in 6% (see Table 7.8). Only three of the twelve environmental principles
appears in more than half of the frameworks: monitoring, pollution prevention, and establishing protected
areas for groundwater. But nearly half of the principles are in 15% of frameworks or less (BATT, conjunctive
use, invasive species, precautionary principle, protecting recharge and discharge zones, subsidiarity and
water as a finite resources). Although the environmental principles range widely in the extent to which they
are included in the national frameworks, for most principles there is not a significant variation between
regions. Exceptions are the principles of using the aquifer/basin as the unit of management, BATT and
monitoring which are preferentially included in Europe; conjunctive use, mostly included in the Americas,
Asia and Oceania; protection of recharge and discharge zone, mostly included in the Americas; and
subsidiarity, mostly included in Africa.
The social principles present a dichotomy. They are used in either less than 14% of frameworks or 30% or
more of the frameworks. Yet still, all the social principles are in less than half of the frameworks. The more
common principles are equitable and reasonable use, priority of use, public access to information, and public
participation. While the rights of women, youth and indigenous people are noticeably included at this level
(mostly in the Americas, Asia and Oceania), the human right to water and sanitation still only explicitly
appears in two and ten frameworks respectively. This may, however, be covered in court jurisprudence
(Obani and Gupta 2014). Other critical social principles such as capacity building, intergenerational equity
(especially for the use of non-renewable groundwater), and poverty eradication are nearly absent in the
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frameworks (see Table 7.9). There is very little variation across regions in the degree to which social
principles are included with the exception of public participation, which is at least included in the
frameworks of Asia and Oceania.
In terms of economic principles, only New Zealand actually includes the need to protect an open
international economic system (see Table 7.5). Water as an economic good is used in half of frameworks and
is particularly emphasized in the Americas and Europe. The principle primarily manifests itself as a cost
recovery system being specifically required in the framework. So, although most countries are integrating the
tenets of a neo-liberal market economy into their governance frameworks via cost recovery, only one-third
are using these same tenants to incorporate the externalities of pollution through the polluter pays principle.
The combination of political, environmental, social and economic principles also reveals that actors display
some regional preferences with respect to particular principles. However, there is very little coherence in the
overall framework – only monitoring, pollution prevention, protected areas for groundwater, and water as an
economic good appear in more than half of the frameworks. However, closely related principles such as (a)
priority of use and equitable and reasonable use as well as (b) information exchange and public access to
information, are also included in a majority of frameworks. Further, most countries show a stronger
preference for water as an economic good (in 82 frameworks) over water as a human right (in 10
frameworks), which has serious implications for social equity and inclusive development and the ability of
countries to actually implement SDG 6 on water.
Hence, the inability of these national principles to structurally address the drivers and to address political,
environmental, social and economic aspects in a coherent manner means that states do not have the necessary
framework to ensure equitable, reasonable and sustainable groundwater allocation over time. Further, the
absence of mechanisms through which states can deal with the multi-sectoral nature of (ground)water
resources opens up these frameworks for potential for error and/or negligence in implementation or even
conflict between actors. It also seems that states focus on specific principles related to resource protection
and allocation, indicating that there is some common ground upon which national groundwater governance
institutions are constructed. There is little attention to emerging environmental and/or groundwater-specific
principles (e.g. invasive species, conjunctive use, protecting recharge and discharge zones), human rights,
and enhancing groundwater knowledge. These shortcomings could hamper the ability of the national
framework for groundwater governance to achieve sustainable and inclusive development.

163

164

Chapter 8. Groundwater Governance in the Stampriet
Transboundary Aquifer System
8.1

INTRODUCTION

Having provided a multi-level analysis of the normative framework for groundwater governance, I now
present the case study of the Stampriet Transboundary Aquifer System (STAS). This layered case study
analyses the normative framework applicable to the STAS at all levels including the sub-national level in a
highly groundwater-dependent, semi-arid area with a range of socio-economic contexts. I examine: (1) How
have groundwater governance frameworks evolved in the STAS? (2) How are hydrogeology, ecosystems
services and the drivers of groundwater problems taken into account in the STAS? (3) Which groundwater
governance principles have been included in the STAS governance frameworks? (4) How does legal
pluralism manifest itself in the STAS? And (5) How can current designs of the STAS’ normative architecture
become consistent with sustainable and inclusive development?
Drawing on different kinds of data, this chapter describes the STAS and assesses the current state of
knowledge on the STAS (see 8.2), describes the evolution of groundwater governance in the STAS (see 8.3),
examines the current status of the STAS governance framework through analysis of patterns in principles and
how pluralism manifests both in policy and in practice (see 8.4), assesses whether these principles address the
drivers of groundwater problems (see 8.5), before drawing conclusions (see 8.6). The methods for data
collection and analysis have been previously discussed in Section 2.5.7.

8.2
8.2.1

THE STAMPRIET TRANSBOUNDARY AQUIFER SYSTEM
Socio-Economic Setting of the Stampriet Transboundary Aquifer System Area

STAS (see Map 8.1) is a 140,000 km2 multi-layered aquifer system underlying the groundwater-dependent
ecosystem of the Kalahari Desert in Botswana, Namibia and South Africa. The predominant land uses in the
STAS are (1) rural villages, settlements and communal lands, (2) wildlife conservation and management
areas, and (3) agricultural and pastoral farmlands. The only urban centers are in Namibia. In South Africa,
STAS falls within the Kgalagadi Transfrontier Park (KTP) (see 8.2). The STAS area includes a permanent
population of nearly 50,000 people: 3,707 in Botswana, 45,049 in Namibia, and roughly 150 permanent staff
living in KTP plus an additional 40,000 visitors per year to KTP on the South African side21 (Central
Statistics Office Botswana 2014; National Statistics Agency Namibia 2012).
The STAS socio-economic landscape is diverse. Ethnic inhabitants include the Tswana, Kgalagadi and San in
Botswana; the Tswana, Herero, Nama, San and Whites in Namibia; and the Meir and San in South Africa.
The Kgalagadi and San are recognized indigenous peoples who are heavily disenfranchised and threatened by
the loss or expropriation of their land and cultural traditions (Thondhlana et al. 2011). Further, the legacies of
colonialism and apartheid have negatively impacted education, land tenure, economic development and
thereby groundwater governance (see 8.3). There is limited economic activity in the STAS area. Most
Botswanans and Namibians depend on agriculture for their livelihoods. Tourism is the only economic
activity in the South African portion of the STAS and also occurs in Botswana and Namibia. There are no
major industries or mining. Unemployment rates and average monthly incomes were 17.9% (2010) and 4,731
Pula in Botswana (2011); 27.4% (2012) and 5,172 Namibian dollars in Namibia (2010); and 8,193 Rand
(2013) in South Africa (International Labour Organization 2015; Namibia Statistics Agency 2010).

21

This is based on data collected in the field from park officials.
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Map 8.1 Land Uses in the Stampriet Transboundary Aquifer System and Population

8.2.2

Hydrogeological Characteristics of STAS

Geological Characteristics
The STAS system consists of one unconfined aquifer - the Kalahari; one connected semi-confined aquifer the Auob; and one non-recharging confined aquifer - the Nossob (Japan International Cooperation Agency et
al. 2002). Full hydrogeological characterization of the STAS, including information on available volumes of
water, has not been completed for any STAS country due to the lack of data22 (Alker 2008) and technical
capacity issues.23 Groundwater generally flows from northwest to southeast (Japan International Cooperation
Agency et al. 2002; United Nations Educational Scientific and Cultural Organization 2014) but the
transboundary nature of this system is contested. While the Kalahari aquifer does not have a single, unified
flow pattern and in isolation may not be considered transboundary,24 along the Nossob river, bordering
Botswana and South Africa, one interviewee emphasized that over-pumping could have transboundary
consequences.25 The Auob, particularly the portion on the eastern side of Namibia that crosses into South

22

Interviewees 5, 14, 31, 34, 47, 48, 50; According to Interviewee 34 there was also there was a significant
loss of data in Namibia in 2011 due to a database failure, which has impeded long-term data analysis.
23 Interviewees 14, 34, 48, 52, 55.
24 Interviewee 26.
25 Interviewee 61.
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Africa and Botswana might be a flow regime with sufficient connectivity to be unitary and transboundary26
although this flow is difficult to trace.27 On the contrary, interviewees argued that the subsurface
characteristics are dominated by geological heterogeneity and faulting that impedes or redirects flows,
preventing them from being transboundary.28

Quality
A large portion of the STAS is considered a “Salt Block” (United Nations Educational Scientific and Cultural
Organization 2014), wherein there are high concentrations of naturally occurring salts in the groundwater.
This is caused by low rainfall and high evaporation causing salts to collect in the soils. Extreme rainfall
events lead to salts leaching into the aquifer, flowing in a southeasterly direction, and concentrating in the
aquifer beneath southwestern Botswana and South Africa. The concentration of Total Dissolved Solids
(TDS) has been recorded to be as high as 14,874 milligrams per liter(mg/l) and over 20,000 mg/l in Namibia
and Botswana respectively (United Nations Educational Scientific and Cultural Organization 2014). Less
than 1,200 mg/l is the WHO guideline for safe drinking water, while cattle and sheep can tolerate TDS
concentrations of 4-5,000 mg/L and 5-10,000 mg/L, respectively. These quality issues sometimes limit
provisioning services in the aquifer area (see Map 8.6). In locations with brackish groundwater, no alternate
water sources, but with sufficient groundwater yields, small-scale desalination is a possibility for domestic
supply.29 However, such activities could have transboundary implications if located in settlements near the
Botswana-Namibia border in Ghanzi District.30

Storage and Yield
The overall volume of groundwater stored in the STAS has not been estimated due to data limitations. As
such, this discussion focuses on the potential for the different portions of the aquifer to yield groundwater for
human and ecosystem uses. The Kalahari aquifer has extremely variable quality and yield, but is still
significantly developed in all countries and is the only aquifer used in South Africa.
The Auob aquifer has the most significant potential yields and is the most likely to be developed for future
uses. Most large Namibian towns use the Auob due to its generally good quality and high yields. As such, the
rate of groundwater extraction in Namibia especially in the face of a push for food security and selfsufficiency is an issue of concern for the current president. One interviewee emphasized that the water levels
were “busy lowering and lowering.”31 These lowering groundwater levels were observable at a dried spring
in Gaochanas (see Figure 8.1) and a nearby artesian well whose water level had significantly lowered. A
2002 modeling study (Japan International Cooperation Agency et al. 2002) concluded that groundwater
extraction in Namibia exceeds net recharge (recharge minus evapotranspiration). However, the assumptions
underlying the model are disputed and further studies and monitoring is underway. In Botswana, given the
potential availability of groundwater in the Auob layer, groundwater transfers from the STAS are pending
with the recent completion of an Environmental Impact Assessment for the Masheng Transfers Project - that
brings groundwater from Ghanzi district north as small cluster of villages, known as the Masheng area.
The Nossob aquifer has higher yields but low quality, and thus low development potential. However, it is
used in some parts of Namibia for stock watering.

26

Interviewee 33.
Interviewee 26.
28 Interviewee 17, 33, 39, 52.
29 Interviewee 21.
30 Interviewee 61.
31 Interviewee 25.
27
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Figure 8.1 Dry spring in Gaochanas, Namibia

Source: Author, 2015

Flow and Pressure
The three layers of the STAS receive recharge through different mechanisms (see Map 8.2, Map 8.3, and
Map 8.4 for areas of groundwater recharge, discharge and availability). The uppermost Kalahari aquifer
primarily receives recharge from rainfall with small contributions from the overlying ephemeral Auob and
Nossob rivers.
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Map 8.2 Groundwater Availability in the Kalahari (Upper Layer) of the STAS
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Map 8.3 Groundwater Availability in the Auob (Middle Layer) of the STAS
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Map 8.4 Groundwater Availability in the Nassob (Lower Layer) of the STAS
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Map 8.5 Groundwater Recharge and Discharge Areas of the STAS
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Map 8.6 Groundwater Unsuitable for Human and Livestock Consumption in the Stampriet Transboundary
Aquifer System
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noticeably experienced by local water users, hundreds of kilometers away from the recharge areas.32
However, several local users reported long-term declines, disappearance of spring discharge and reductions
in artesian pressure.33 However, due to climate variability, it is questionable whether the major rainfall
events, upon which Auob recharge relies, will still occur.34 The Nassob aquifer only receives negligible
recharge from the Auob and therefore contains fossil groundwater (Japan International Cooperation Agency
et al. 2002). The Auob and Nossob aquifers are also artesian (i.e. pressurized, see 3.3.3). Consequently,
groundwater spouts to heights of up to 8m above ground when wells are sunk into these aquifers. In some
locations, this pressure also pushes a large volume of recharge up into the Kalahari from the Auob aquifer
below, through a process called ‘leakage.’35
While recharge mechanisms are fairly well understood, losses and discharges from the system have yet to be
quantified definitively (United Nations Educational Scientific and Cultural Organization 2014). This is of
concern as the long-term water balance of the aquifer is potentially in the negative. After the 2002
investigation of the Namibian portion of the aquifer, JICA et al. (2002) estimated significant losses due to
evapotranspiration as 83% of rainfall evaporates, 14% is transpired by vegetation, 2% is runoff, and 1% is
recharged.36 However, “if the water table is below 15 meters, evapotranspiration is not the issue,”37 but
possibly leakage from decrepit wells,38 which is a more serious threat “than over-abstraction due to
irrigation.”39

8.2.3

Ecosystems Services of the STAS

Provisioning and Cultural Services
STAS groundwater’s provisioning services include supply for basic human needs, tourism, and commercial
agriculture. Local authorities contract with the parastatal Water Utilities Corporation in Botswana and the
parastatal NamWater in Namibia for town and village water supplies through a combination of household
connections and community water points. Solid wastes and wastewater is collected by local authorities and
disposed on village and town outskirts. In the communal lands of Namibia, there are significant populations
that lack sanitation and practice open defecation in the ‘bush’.
Commercial agriculture is the STAS’ largest provisioning service. In Namibia, groundwater supplies
approximately 2,000 commercial farms and 160 small scale farms with a total of 550 hectares under
irrigation (Alker 2008). The three main crops grown are lucerne (48%), vegetables (18%) and maize (17%)
mostly for domestic use, but also for export to South Africa and Angola. Both Namibia and Botswana have
large livestock industries with twice as many cattle and sheep than humans, serving domestic, SADC and
European export markets with the latter receiving the best quality meat.
Groundwater in the STAS area is linked to both provisioning and cultural services through tourism. There are
numerous guest lodges as well as public and private game reserves, the largest of which is KTP. In private
game reserves, groundwater may come through municipal systems or private boreholes. In KTP, groundwater
is supplied by the Motswanan and South African departments of environment. They rely predominantly on
the Kalahari aquifer although there are problems with yield and the TDS exceeds drinking water quality

32

Interviewees 8, 25, 46.
Interviewees 23, 26,46.
34 Interviewee 52.
35 Interviewee 26, 46.
36 Interviewee 17.
37 Interviewee 61.
38 Interviewees 26, 40, 46.
39 Interviewee 26.
33
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standards. Consequently, groundwater is used for bathing and hygiene and bottled water for drinking and
cooking.

Regulating and Supporting Services
The STAS provides the regulating services of carbon sequestration, nutrient cycling, pollutant attenuation
and its groundwater also stabilizes the Kalahari dunes. STAS provides supporting services to numerous
groundwater-dependent flora and fauna species. Table 8.1 indicates whether these species require flowing
water (and live in locations with springs, pans, or watering holes), can survive without flowing water
depending instead on wild watermelon, tubers and other water-rich plants and highlights their interaction
with groundwater resources. Several of the animal species attract tourists.
The plant species support basic human needs by providing wood for shelter, medicine and fuel; serve as
indicators of proper land use and land management; and may be internationally-traded genetic /biological
resources. For example, the Hoodia and Devil’s Claw plant species are used for medicinal purposes by
several tribes including the indigenous Khomani San people. The knowledge required to convert these plants
into medicines is also the subject of intellectual property challenges as the resulting products are increasingly
imported to Europe for the purposes of weight loss and diabetes control.
Table 8.1 Groundwater-dependency of Species in the STAS
SPECIES

ORIGIN
Native

NEEDS FLOWING
WATER
No

EFFECT ON GROUNDWATER
RESOURCES
Reduction via Evapotranspiration

Acacia Tree
Blue Wildebeest
Camel Thorn Tree

Native
Native

Yes
No

Negligible
Reduction via Evapotranspiration

Devil’s Claw

Native

No

Reduction via Evapotranspiration

Gemsbok
Giraffe
Hoodia

Native
Native
Native

No
No
No

Negligible
Negligible
Reduction via Evapotranspiration

Lion
Prosopis (Mesquite) Tree

Native
Invasive

No
No

Negligible
Significant Reduction via Evapotranspiration

Springbok
Shrubs (various species)

Native
Native & Invasive

No
No

Negligible
Reduction via Evapotranspiration

8.2.4

Drivers of Groundwater Problems in STAS

Table 8.2 presents the drivers of groundwater problems in the STAS, which are further elaborated below.
Since the STAS is a multi-layered aquifer system with each layer possessing different characteristics, some
drivers of groundwater problems in the STAS are discussed from both the perspective of the whole aquifer
system, while others are most relevant to specific layers. As such, I will discuss the drivers at each
geographic level and highlight whether it is relevant to the whole system or a particular layer.
At the global level, climate change is expected to reduce the frequency of recharge events, affecting the
whole STAS but especially the Auob layer that relies on periodic flooding events for recharge (see 0). Longer
time spans between recharge events could potentially increase the salinity of the groundwater as well.
International trade and economy would mostly affect the upper two layers of the system, potentially resulting
in depletion. The Kalahari layer is affected by trade in medicinal products and livestock grazing practices.
Unfortunately, overgrazing of livestock for commercial purposes is threatening native species by making
land more susceptible to infestation by invasive and pioneer species, a phenomenon called ‘bush
encroachment’. In particular, the thirsty Prosopis is observed to have noticeable effects on shallow
groundwater levels. The Auob is used to irrigate agricultural products that are traded internationally as well
as to produce stock feed for the cattle industry. Since, the Nassob is very deep and, in many locations so
saline that 52% is unsuitable for livestock, it is less likely to be affected by this driver.
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Table 8.2 Drivers of groundwater problems in the STAS
LEVEL

DRIVERS

CONSEQUENCE IN STAS REGION

Global

Climate Change 

Fewer recharge events

International trade/Economy 

Trade in agricultural products causing water withdrawal

Regional agricultural trade 

Schemes promoting/enhancing agricultural production

Spread/migration of flora and fauna 

Spread of invasive species; wildlife tourism and hunting;
trade in medicinal plants

History of colonization/ apartheid legacy 

Outdated groundwater law in Botswana and Namibia;
disparate education levels; language barriers; land tenure
inequities
Localized groundwater depletion and pollution

Regional Transboundary

National

Subnational

Pumping and pollution by individuals, local
authorities, and commercial agriculture 
Natural changes in groundwater quality and
quantity

Reduced access to potable water and/or water of sufficient
quality for irrigation

Population growth/urbanization in Namibia
and Botswana 

Increased demand for potable water/sanitation services and
food

Food security policy – especially Namibia 

Expansion of commercial agriculture

Development policy 

Groundwater allocation for economic/subsistence activities

Tourism policy –especially South Africa 

Allocation of groundwater for wildlife parks/guest houses

Energy policy 

Ability to pump groundwater

Forestry policy 

Removal or persistence of invasive species
Protection of endemic species

Land use strategies 

Improper facility citing in vulnerable groundwater zones

Land rights 

Water services and sanitation systems or lack thereof

Grazing and land management practices 

Localized pollution and depletion

Customary practices and indigenous
knowledge 

Small-scale cultural uses; challenges to current access and
allocation regimes

At the regional transboundary level, regional agriculture and trade would have similar consequences for the
STAS as would international trade. The spread and migration of flora and fauna across the region has two
main consequences. The first is the proliferation of invasive species, which consume large amounts of
groundwater from the Kalahari layer. The second is a large and growing wildlife tourism industry that drives
increased, localized consumption of groundwater used for luring animals to artificial watering holes and
supplying guest facilities in parks. The shared colonial history and apartheid legacy affects the whole STAS
and has resulted in outdated legal frameworks in Botswana and Namibia as well as issues of disparate
education levels, language barriers, and land tenure inequity in all countries. 40 This makes engaging the
public in conservation efforts and giving equitable access to water and sanitation difficult. The communities
have difficulties requesting assistance and support from regulators, while regulators struggle to educate
people regarding reporting requirements and appropriate water and land management practices.41
At the national level, pumping and pollution by individuals, local authorities and agriculture are or could be
major drivers of groundwater problems in the STAS, especially the Kalahari and Auob layers (see 8.2.4). The
other drivers exacerbate the potential depletion problems already being experienced. Population growth and
migration as well as the various non-water policies that would nevertheless rely on groundwater for their
implementation (e.g. food security, energy, development, forestry, and tourism) would incentivize or require
activities that would pump and/or pollute groundwater unless carefully designed. For example, the increasing

40
41

Interviewees 15, 17, 18, 21, 47, 60.
Interviewees 1, 3, 4, 27, 31, 55.
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need for food security and implementation of the Green Schemes Programme in Namibia will undoubtedly
affect groundwater use and requires careful coordination in order ensure there is sufficient water to meet this
objective. The land use strategies, including grazing and land management practices, lead to localized
contamination from improperly sited stock watering facilities,42 unlined solid waste and sanitation facilities,43
poor pump maintenance practices,44 and the uncontrolled spread of groundwater-dependent invasive species.
Natural changes in groundwater quality and quantity, may be potentially exacerbated by climate change, and
reduce availability for these activities further straining the STAS.
At the subnational level, the drivers present at the other levels manifest themselves on the ground. The land
rights inequities translate into desperate access to water and sanitation systems. Agricultural practices,
especially among subsistence farmers, often result in overgrazing that facilitates the spread of invasive
species and groundwater depletion. Local land use strategies result in poorly sited waste and sanitation
facilities, causing pollution. Customary practices and indigenous knowledge are in tension with access and
allocation regimes. In KTP, the outdated wastewater treatment system in KTP, which currently consists of
either septic tanks or oxidation ponds,45 is facing increased risk of contamination as the system approaches its
maximum capacity.

8.3
8.3.1

EVOLUTION OF THE STAMPRIET GOVERNANCE FRAMEWORK
Overview of the Stampriet Governance Framework

Groundwater governance in the STAS countries in the pre-colonial era is not well documented. However,
‘traditional’ methods of acquiring the water necessary for human survival in the Kalahari are still used today.
These methods include construction of hand-dug shallow wells, consumption of water-rich plants and roots,
water divining and sucking water from saturated sand through straws made of reeds. Norms linked to these
processes are not described in the available literature. During the colonial era in Namibia and South Africa,
rules on land tenure, irrigation and mining were developed in favor of the British, Dutch, and German
colonists who moved the indigenous people away from prime lands (Swatuk 2010). In South Africa and
Namibia (then Southwest Africa), irrigation boards were created in 1926 to reduce competition among white
farmers for water resources, while black populations were excluded from such infrastructure and
management arrangements (Kemerink et al. 2013). Colonization influenced Botswana indirectly beginning in
1885. With the encroachment of Boer settlers into the territory of the Kalahari tribes, tribal leaders requested
protection from the British government to prevent conflict. Under the British protectorate, many water supply
boreholes were drilled in the STAS area.
South Africa’s support of the allied forces in World War II resulted in huge economic growth, of which white
Afrikaners sought to take advantage. Consequently, in 1948, the apartheid regime was formed and enforced
in South Africa and what is present-day Namibia. During apartheid, (ground)water and land rights were
linked under riparian and prior appropriation rights regimes. The 1956 Water Act empowered the state to
increase its control over public water resources, forming such concepts as the ‘ecological reserve’ to prevent
water from “being grabbed every which way.”46 While the ecological reserve supported ecosystems, it did so
by expropriating the customary rights of water users47 (Kemerink et al. 2011; Swatuk 2008). Swatuk (2010:
526) says “the human and physical geographies of apartheid reflect the presence or absence of water, as well
as its capture and the uses to which it was put.” Segregated education systems trained the black population
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Interviewees 4, 5, 6, 21, 26, 27.
Interviewee 5, 20, 35.
44 Interviewees 31, 42.
45 Interviewee 55.
46 Interviewee 60.
47 Interviewee 60.
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for manual labor in mines and farms rather than liberal arts and sciences (Kemerink et al. 2011). These
inequities still leave their mark on local (ground)water governance.
In 1967 Botswana gained independence and colonial boreholes were either taken over by the Water Utilities
Corporation48 or given to local communities. Those given to communities are not subject to the current rights
and permits regime.49 Yet, the country is still governed by the Water Law from 1968 and the colonial
Borehole Act of 1956 has not been modified to include key principles required for comprehensive monitoring
and management of groundwater resources. Namibia simultaneously gained independence from South Africa
and its apartheid regime in 1990, but continues to rely upon the colonial 1956 South African Water Act to
govern its water management today. As of December 2016, Namibia is still working towards adopting its
2013 National Water Act. Although it has been gazetted, it has not entered into force because the requisite
implementing policies have not yet been drafted and approved. South Africa gained independence in 1994
and its 1998 Water Act is recognized as one of the most comprehensive water laws in the world, aligned with
global best practice and capitalizing on international legitimacy (Swatuk 2008). Under the provisions of the
Act, South Africa is moving away from riparian rights systems by decoupling land tenure from water and this
considered a strong starting point for redressing past race and gender inequities (Kemerink et al. 2011; van
Koppen and Jha 2005). After Namibia’s independence, the country underwent a similar transition out of the
riparian rights systems by decoupling land and water rights, although the colonial water law still governed
water resources management.
The land reform processes in Namibia and South Africa required both governments to repossess all land in
their territories and then redistribute private, communal and tribal lands. In both countries, the main objective
of the land reforms is redress, poverty alleviation and improved well-being for those discriminated against
and disposed during apartheid and colonization (Falk et al. 2017). The reform process required the
governments to purchase land from private owners, including freehold farms, requiring millions in
investments from the governments. In Namibia, a first right of refusal policy has been implemented. Thus, as
farmers sell their lands, the government has the first opportunity to buy it for redistribution or to let it sell on
the open market. This approach resulted in about 28% of its commercial farm lands being redistributed as of
the beginning of 2016 (Phillips 2016). However, full land tenure reform has not taken place because, large
tracts of land falling under customary tenure have not been subject to the reforms (Werner 2001). South
Africa’s initial goal was to achieve restitution, redistribution or tenure reform in 30% of agricultural lands by
2004, 10 years after the process began (Cousins 2007). However, they faced challenges due to their policy of
acquiring land at market value. While market-value land acquisitions sound politically appealing, between
1994 and 2004, land reform received less than 1% of the national budge. Yet the actual costs were
significantly higher, resulting in slow progress (Swatuk 2010). By 2004 only 4.2% of agricultural land had
undergone reform; thus the 30% goal was pushed back to 2014 and the budget was increased to around 1%
(Cousins 2007). Yet, by 2014 still only 8% of land had been redistributed (McCusker et al. 2015).
An additional consequence of land reform is that water rights, which previously were linked to the land, must
also be reorganized (Kemerink et al. 2011; Swatuk 2010). As such, the countries developed licensing and
permitting regimes and also adopted the human right to water (see 8.3.2). Nevertheless, all three countries’
water governance activities focus on surface water, “even though it is nowhere to be found,”50 in the STAS
area. Botswana and Namibia are most clearly grappling with this disconnect in understanding how to
implement the legal norm of using the basin as the management unit where an aquifer based or administrative
boundary approach might be more suitable.51
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Despite these shifts in governance, there are still challenges. In Botswana, stakeholders see the legal
instruments as inadequate and outdated. 52 In Namibia and South Africa, although ‘water controls’ in favor of
the whites were well implemented and enforced under the apartheid regime, 53 replacing these with more
equitable principles has been difficult, being slowly implemented and poorly enforced. A lack of professional
capacitation at the national level combined with a lack of access to education for black people during
apartheid, has contributed to a lack of political will from national to local level and to intellectual capital for
groundwater governance in villages being ignored (Schreiner 2013). 54 Nevertheless, all three countries have
made recent efforts to capture indigenous knowledge systems.55 Further in 2013, the STAS partnered with
donor agencies to address these key issues directly through a project called “Groundwater Resources
Governance in Transboundary Aquifers (GGRETA).”

8.3.2

Current Status of Governance Instruments Relevant for the STAS

Global and Regional-transboundary Level Laws, Policies and Programs
This section discusses the global (see also 5.2), regional-transboundary governance frameworks and
principles (see also 6.2) relevant to groundwater resources for the STAS riparians.56
At the global level, the UNECE Water Convention (1992), the UN Watercourses Convention (1997), and the
ILC Draft Articles (2002) are the groundwater-specific governance instruments relevant to the STAS.
Namibia and South Africa are party to the UN Watercourses Convention. This shows that the STAS Aquifer
states have accepted normative obligations related to groundwater governance, including but not limited to
the obligation to cooperate and govern groundwater peacefully, equitably and in accordance with reasonable
utilization of groundwater, protection and preservation of ecosystems related to groundwater, and pollution
prevention for groundwater resources. All three countries could potentially accede to the UNECE Water
Convention and/or the ILC Draft Articles if the latter eventually becomes a formal legal instrument. The
Stampriet Aquifer states are also party to the Ramsar Convention (1972), the UNFCCC (1992), and the
UNCCD (1994).
The relevant bilateral agreements include the 2000 Bilateral Agreement between Botswana and South Africa
on the Recognition of the Kgalagadi Transfrontier Park and the 1992 Joint Permanent Water Commission to
deal with matters relating to the Okavango River, Kwando-Linyanti-Chobe river system, and select
transboundary groundwater resources between Botswana and Namibia. The 2000 Agreement establishing a
Permanent Water Commission between Namibia and South Africa was originally scoped specifically to
address issues involving the management of the Lower Orange River and has since been expanded to include
some adjacent ephemeral rivers. Transboundary groundwater resources were not explicitly included in the
scope of the agreement, as both countries implicitly understood that groundwater falls within the
Commission's purview (Alker 2008).
Regional and transboundary (ground)water specific agreements of the STAS countries include the Africa
Convention on the Conservation of Nature (2003; also see 6.4), the Revised SADC Protocol (2000), and the
Orange-Senqu River Basin Agreement (2000). The Revised SADC Protocol is legally binding on all three
STAS states. It is holistic in terms of issue coverage but only includes groundwater in accordance to the
definition of a watercourse as defined in the 1997 UN Watercourses Convention. The Orange-Senqu
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Agreement, a basin-specific “implementation arrangement” under Article 5 of the SADC protocol,57 is also
legally binding and includes a fourth party Lesotho, and creates a technical advisory committee to the
participating states.58 Regional groundwater-specific initiatives have been slow and mainly donor driven
although this might shift with the establishment of the SADC Groundwater Management Institute.59
A key transboundary program focus in groundwater is the Swiss Agency for Development and Cooperation
and UNESCO project entitled “Groundwater Resources Governance in Transboundary Aquifers
(GGRETA),” which sought to directly address and improve the groundwater governance challenges. The
GGRETA project aims to ‘enhance cooperation on water security, reduce transboundary and water-use
conflicts, and improve overall environmental sustainability.’ Phase I of the project (2013-2015) conducted a
detailed assessment with the objective of enhancing technical knowledge and capacity of the STAS
countries’; building trust through joint fact finding and data sharing; assessing areas of transboundary
concern through diagnostics analysis; and understanding the hydrogeological, environmental, socio‐
economic, governance, as well as legal and institutional setting of the STAS. A key component that began in
Phase I and is being developed in earnest in Phase II (2016-2018) is the establishment of a cooperation
mechanism for transboundary groundwater management.

National-Level Laws and Policies
Botswana
Key national laws and policies in Botswana that are directly and indirectly relevant to groundwater resources
include the National Water Act (1968, rev. 2008), the National Boreholes Act (1956), the National Water
Master Plan Review (2006), the National Integrated Water Resources Management & Water Efficiency Plan
(2013), and the National Water Conservation Strategy (1999). The Botswana National Water Act aims at
water allocation and distribution, and lists conditions for obtaining and maintaining rights. The Act defines
public waters to include “all underground water made available by means of works.” Groundwater that used
solely for minerals extraction or that is not accessible via infrastructure is not considered in the public
domain. Further, property rights and water rights are separated in the Act. Subsistence uses of public
groundwater such as watering livestock, and domestic activities do not require a right or permit. Wells and
boreholes may also be sunk or deepened without a permit, if it is done for the purpose of wildlife
conservation. A permit is required for abstraction, use, diversion, damming, storage and effluent discharge.
The Act establishes a Water Apportionment Board that oversees implementation of the Act and other
relevant international agreements. A Water Registrar is also established as the ex officio Secretary of the
Board and the enforcement body.
The Borehole Act stipulates that contractors are allowed to sink boreholes. Those sinking boreholes deeper
than 15 meters must notify the director of the Geologic Survey of Botswana, who may also inspect the
borehole during or within a year of construction. If the borehole is located in tribal territories the relevant
district council must also be notified.
The various national plans emphasize different aspects of water governance in Botswana. The Water Master
Plan focuses on development potential. It evaluates options such as infrastructure development (including
drilling additional boreholes), water transfer schemes, and enhanced technologies to assess and utilize
groundwater resources. The Integrated Water Resources Management and Water Efficiency Plan addresses
integrated planning. It highlights several implementation areas including the efficiency of water allocation;
water supply and demand management; integration of water and land use planning; using a catchment area
management approach; management of shared water resources; institutional capacity building; stakeholder
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participation; pollution prevention and control; and accounting for ecological needs. The Water Conservation
Strategy focuses on demand management through water pricing and economic valuation, technical measures
and efficiency practices, and public awareness and education.
The responsibilities for water management in Botswana are distributed across several entities including the
Department of Water Affairs (B-DWA), the Department of Geological Surveys, the Ministry of Agriculture,
the Ministry of Natural Resources, Ministry of Minerals, Energy and Water Affairs, and the Ministry of
Local Government, Lands and Housing. The Ministry of Minerals, Energy and Water Affairs is responsible
for implementing the Water Resources Act, the Boreholes Act, the National Water Policy, and overseeing the
Water Utilities Cooperation, which is responsible for potable water supply to urban centers and mines. It also
houses the International Water Unit, which provides technical support for management of shared waters. The
Ministry of Local Government, Lands and Housing oversees water supply to rural areas and the Department
of Water Affairs conducts ad hoc field inspections. Nevertheless, coordination and communication between
responsible agencies remains a challenge and are exacerbated in the STAS area by an absence of user-based
organizations and public engagement.
Namibia
In 2016, Namibia was transitioning between using the 1956 South African Water Act and the 2013 Namibia
Water Resources Management Act. Although the 2013 Act was adopted in 2013, it is not yet “in force”60 as it
contains multiple references to implementing policies, which do not yet exist. The policy drafting process is
underway and still has not been completed as of December 2016.61 Until this time, Namibian officials
implement the 1956 South African Water Act, which was based on riparian and prior appropriation rights
regimes. It links water and property rights thereby privileging land owners. Further, it does not include any of
the modern social, ecological, political or economic principles (e.g. public participation, cost recovery) nor
does it address IWRM or include strong enforcement powers.62 The 2013 Water Resources Management Act
aims to manage and conserve all water resources, including the whole or any part of an aquifer through
fundamental principles and institutional structures. The principles require preparation of an Integrated Water
Resources Management Plan; a licensing regime for abstraction, discharge, and waste disposal; and protected
areas where there may be significant risk of depletion, contamination or extinction of species, including the
protection of wetlands. The Act empowers the Water Minister to delegate powers to the Water Regulator
(Department of Water Resources) and basin management committees; establishes a Water Advisory Council
and Water Tribunal for public consultation and enforcement, respectively; and Water Point Committees and
local water committees for management in rural areas.
Other relevant laws and policies include the Water Supply and Sanitation Policy (2008), the National Water
Policy White Paper (2000), the National Drought Policy and Strategy (1997), and the National Agriculture
Policy (1995). The Water Supply and Sanitation Policy and the National Water Policy White Paper will both
be superseded by new policies implemented under the 2013 Act. These policy documents emphasize water
and sanitation services, equitable and sustainable management, and drought risk management. The Water
Supply and Sanitation Policy creates the Directorate of Water Supply and Sanitation Coordination and
requires water services providers to also provide sanitation services. Foreseeing an increase in demand due to
implementation of national development policies, it prioritizes water for domestic use, encourages
stakeholder participation, emphasizes cost recovery, and sets out basic policy principles. The National Water
Policy White Paper sets guiding policy principles and strategic objectives for resource assessment, shared
watercourses, water use and conservation, economics and finance, legislation, community participation, and
capacity building. Given, that aridity and drought are ‘normal phenomenon’ in Namibia, the National
Drought Policy and Strategy aims to shift drought risk management responsibilities away from the
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government and towards the farmers by way of measures which are geared towards on-farm risk
management. According to the policy, financial assistance and food security interventions only occur in
extreme or ‘disaster’ drought scenarios. This is set out in alignment with the National Agriculture Policy
which aims to increase and stabilize farm income and productivity in order to ensure food security, generate
livelihood and employment opportunities in rural areas, increase investment in agriculture, promote
sustainable land and resource use and contribute to rural and regional development, among others. Further it
calls for cooperation between the farming community and private sector in achieving these goals.
All groundwater resource development projects are overseen by the Geohydrology Division of the
Department of Water Affairs and Forestry for Namibia (N-DWAF). N-DWAF lies within the Namibian
Ministry of Agriculture, Water and Forestry. N-DWAF monitors groundwater levels in the STAS and
provides technical capacity to the drilling industry and farmers upon request. The Basin Management
Committees, which are created for surface water management, engage with users. Due to specific concerns
regarding over-abstraction in the STAS, local uses and the government formed the Stampriet Basin Water
Committee to assist N-DWAF in monitoring the aquifer. In principle, the Committee and N-DWAF should
consult regarding applications for wells. The Committee should also update N-DWAF on a range of issues
including extraction rates, illegal drilling, poor condition of wells, and wasteful or non-beneficial uses.
However, this committee has not been active in recent years. The Stampriet Farmers Association, which is
active in the commercial farming areas around the towns of Stampriet and Mariental, also encourages farmers
to report groundwater use to N-DWAF.
The enforcement of groundwater related laws and policies is primarily achieved through cooperation with
users through water users’ associations and review of permits for abstraction (Alker 2008). There are no
observed cases of suspension or termination of permits. N-DWAF and the Geohydrology Division record
permit processing and water quality information gathered from monitoring and ‘spot checks.’ According to
Namibian officials, there are no records related to punishments for violation of groundwater permits, possibly
because a rectification process typically precedes punitive action.
South Africa
The South African National Water Act (1998), Water Services Act (1997), Geosciences Act (1993), 2nd
Edition of the National Water Resource Strategy (2013), National Water Conservation and Demand
Management Strategy for the Water Services Sector (2004), National Groundwater Strategy (2010), Artificial
Recharge Strategy (2007), and the Policy and Strategy for Groundwater Quality Management (2000) are the
key water laws and policies relevant to groundwater. The Water Act designates groundwater as part of the
public domain and ensures the conservation and development of all water resources. In doing so, the Act
promotes equitable access; requires efficient, sustainable and beneficial use; facilitates social and economic
development; protects ecosystems and reserves quantities of water for their use; implements the human right
to water; redresses ‘the results of past racial and gender discrimination;’ and honors international obligations.
From an institutional perspective, the Act lays out the responsibilities of the Water Minister; establishes
catchment management agencies, water users associations, advisory committees, and a water tribunal. The
Act articulates general principles for water governance; provides measures for quantitative and qualitative
protection; requires licensing of non-subsistence uses; delineates rights of access to land; and stipulates
requirements for monitoring, assessment and information systems.
The Water Services Act and Geosciences Act regulate water supply and sanitation services provision
(including tariffs and providers) and authorize and manage data collection for (hydro)geological exploration
respectively.
The Water Resource Strategy aims at ‘managing water resources to ensure that water is used to support
equitable and sustainable social and economic transformation and development.’ It accomplishes this through
the decentralization of responsibilities to catchment agencies and water users’ association. The Plan also
proposes specific strategies for resource protection; water use, conservation and demand management; water
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pricing; establishing monitoring and information systems; and disaster risk management. The Water
Conservation and Demand Management Strategy for the Water Services Sector promotes water use
efficiency and equitable allocation through environmental protection; fostering a culture of conservation and
demand management among providers, users and consumers; and promoting integrated planning and
capacity building.
The National Groundwater Strategy is currently used to guide internal policy-making within the South
African government. It aims to enhance recognition of groundwater as an important, strategic water resource;
ground it within an integrated management approach; increase knowledge and capacity with regards to
groundwater management; and develop and implement better groundwater management programs. The
Groundwater Strategy has focal areas including the regulatory environment, resource planning, human and
institutional capacity; research and information management; and communication and awareness.
The Artificial Recharge Strategy aims to use subsurface water storage as part of IWRM in South Africa to
contribute to the use and availability of water resources. The Policy and Strategy for Groundwater Quality
Management’s objective is integrated and sustainable management of groundwater quality in order to protect
groundwater resources and provide a secure water supply. The strategy aims to (a) implement ‘sourcedirected’ controls, imposing regulatory controls, and providing incentives to protect water quality; (b)
manage impacts for protection of the water reserve and assurance of beneficial uses; and (c) remediate
groundwater quality where feasible. It enhances understanding of the vulnerabilities of groundwater to
pollution; relationship between quality and polluting practices; land use regulation; and controlling polluting
activities and aggregate impacts of these practices.
The Department of Water and Sanitation (SA-DWS) implements the Water Act, monitors all water resources,
and contributes to the development of the national water strategy. Under the SA Water Act, the nine
Catchment Management Agencies of South Africa will gradually subsume SA-DWS’ functions. These
functions include planning, implementation and coordination of all water-related activities as well as public
engagement. Certain aspects of implementation remain challenging in South Africa, as the formation of
Catchment Management Agencies has been slow. Further, the evaluation of groundwater resources for the
purpose of allocation and reserve has also presented challenges. The Lower Orange catchment agency has
jurisdiction in the STAS area but is considered a low priority area and thus a Catchment Management
Agency has not been formed and the reserve has not been calculated. Therefore, it is anticipated that the
primary responsibilities will remain with SA-DWS for the foreseeable future. There is clear evidence of
implementation of the licensing regime through records of water use licenses that have been granted,
renewed, terminated or suspended. Further, warnings (called directives) are issued in cases of noncompliance.

Subnational Governance Architecture
Botswana
In Botswana, at the district level, the Ghanzi and Kgalagadi Districts Councils oversee and approve activities
of authorities such as the Department of Water Affairs (DWA), Water Utilities Corporation (WUC), Land
Board, Department of Environment and Department of Agriculture. In Ghanzi, these authorities and others
are part of an interdepartmental Land Use Planning Committee that makes recommendations to the District
Council regarding proposed projects and initiatives.63
In villages and settlements within the STAS area, the most relevant actors in groundwater governance include
the WUC borehole operators, borehole syndicates and farmers associations, where relevant (UNESCO 2016).
The borehole operators manage the well(s), pump(s), and water tanks for domestic water supply; ensure
operation of the main distribution network, water meters and service points; and provide education as deemed
63
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necessary by the WUC.64 Borehole syndicates and farmers associations manage community wells that have
been installed either by the communities themselves or the DWA. Borehole syndicates are typically for
domestic supply and subsistence agriculture, while farmers’ associations are for livestock watering. Both
entities are composed of elected officials who are responsible for maintaining the infrastructure, collecting
payment for uses, and observing changes in quality and/or yield.65 There is one active farmers association in
the Ghanzi district, but no borehole syndicates. In Kule, it was also reported that subsistence cattle farmers
will also informally manage and cooperate in order to supply water for cattle.66 It is unknown if these entities
or practices exist in the communal lands of the Kgalagadi District.
Namibia
The STAS area in Namibia covers four districts including Karas, Hardap, Khomas, and Omaheke. Districtlevel authorities have limited influence. Groundwater governance remains either centralized or at the
community level. There are Water Point Committees in the rural parts of the STAS that manage and control
water provided through the Department of Water Affairs and Forestry Infrastructure. The Water Point
Committees are mainly engaged in maintenance, control of water access and collection of water use fees.
Areas that receive water supply via NamWater, have supply infrastructure and water services payments
overseen by a borehole operator.67 However, some people located in the official service area may not be able
to afford a connection to the distribution network and therefore may rely on springs, or supply from
neighbors.68 There is at least one active farmers association in the STAS. While it does not take on any
groundwater management functions, the member expressed concern regarding falling groundwater levels to
the Department of Water Affairs in a June 2015 meeting.
Kgalagadi Transfrontier Park, inclusive of South Africa
Groundwater management within the Kgalagadi Transfrontier Park is under the auspices of the Departments
of Environment of Botswana and South Africa. Boreholes on the Botswana side of the park are for animals;
tourists must bring their own water supplies. In South Africa, boreholes are both for animals and tourist
facilities. In Botswana, maintenance and monitoring is conducted by park staff and there is little interaction
with the Botswana DWA. However, newer boreholes are drilled in consultation with the DWA. Nevertheless,
the Department of Environment indicated an interest in establishing partnership with DWA for managing
groundwater in the park and also drilling additional boreholes to make limited supply available to tourists.69
On the South African side, the staff conducts weekly water level monitoring and facilities checks, albeit
using rudimentary yet affordable equipment (see Figure 8.2).70 The Northern Cape Province regional office
of the Department of Water and Sanitation also conducts routine monitoring of water levels and quality.
There is a Joint Management Board composed of the Department of Environment for both countries, and the
Khomani San indigenous community and the Mier municipal authority from South Africa.71 The Board
makes decisions about park operations including issues of water management, although water regulators are
not included in the committee.
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Figure 8.2 Groundwater-level monitoring device used in KTP

8.3.3

Implications of Stampriet Frameworks’ Evolution

Examining groundwater governance in the Stampriet provides context-specific insights regarding how
groundwater governance has been influenced across multiple geographical levels and through scientific and
political developments. Looking in terms of politics and policy from the global to local levels, it is clear that
the priorities of colonial and apartheid rulers overshadowed the potential influence of the global community.
This did not necessarily translate into poor groundwater governance from a resource management
perspective, but did result in significant disparities in access, education, public participation and land rights.
These have had lasting effect on social equity, land management and resource conservation and also on
groundwater resources.
Once independent, the countries’ participation in global governance regimes as well as in the advancement of
regional initiatives under SADC was notable. Further, the progressive development of water-related laws and
policies in South Africa stood as a key evolutionary marker. Under various laws, policies and programs, all
three countries have made clear advances in the sophistication and robustness of groundwater governance –
although Botswana is much more in practice than in policy. However, all three countries still face challenges
regarding equity and reconciling differences in scope, governance principles, actor participation and
procedures within the legal and policy developments.

8.4

PATTERNS AND LEGAL PLURALISM IN STAS GOVERNANCE

The patterns in the normative architecture of the STAS are examined in terms of the four dimensions of
sustainable development: political, social, environmental and economic. Within each dimension, the relevant
governance texts and practices at multiple levels are assessed.
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8.4.1

Groundwater in the Scope of the STAS Framework

Law, policies and program relevant to groundwater governance in the STAS vary in how they include
groundwater in their scopes in terms of first, uncertainties regarding the delineation of the STAS and second,
the relationship between aquifers and river basins at transboundary and national levels.
The uncertainties regarding the hydrogeological characteristics (see 0) still influence the accuracy of the post2015 delineation (see SDC/UNESCO GGRETA project) on the South African portion of the aquifer.
Consequently, the STAS countries are still debating the nature of STAS’s transboundary flows, what the
precise geographic area is that should be governed, what hydrogeological dynamics call for transboundary
action, and what the precise relationship is with the Orange-Senqu River Basin given that there are almost
never meaningful surface water flows in the STAS area.
ORASECOM which has thus far only focused on surface water, has only recently undertaken studies of
groundwater resources and in 2007 established a groundwater task force (ORASECOM 2007). However, as a
technical advisory committee, it cannot take legally-binding actions. An additional issue is that ORASECOM
also includes Lesotho as a member state. Since ORASECOM has been proposed as a potential coordinating
body for groundwater governance in the STAS, the STAS countries are afraid that Lesotho may gain direct
influence on their activities.
There are also discrepancies between using the river basin as the planning unit and hydrogeological
boundaries within the STAS countries. Botswana’s surface and groundwater laws remain divided and
outdated. Thus, Botswana is contemplating moving away from the river basin model in the Kalahari region,
specifically to address this issue. Both Namibia and South Africa have streamlined their groundwater laws,
although the 2013 Namibian Water Resource Act has not yet entered into force. Namibia has drawn attention
to the STAS by declaring it a controlled groundwater area, but lacks groundwater-specific provisions and
enforcement power under the 1956 South African water law. South Africa has not completed groundwater
resources assessment and planning for the Northern Cape Province, in which the STAS is located. Thus far,
the focus has been on the extension of transfer pipelines for the Lesotho Highlands Water Project to the
nearby communities.

8.4.2

Patterns in Use of Principles

Table 8.3 depicts the patterns in the use of principles in the laws of the STAS framework. Given, the number
of additional policies and practices that exerted a clear influence on STAS governance, a qualitative approach
which places these patterns in their greater context is most appropriate for this case. The relevant patterns are
discussed in terms of their coherence, incoherence and contradictions in Section 8.5.2, below.

8.4.3

Actor Participation in STAS Governance

An analysis of actor participation in STAS shows that first, these countries do not have the same level of
participation in the international groundwater governance frameworks and that this is unlikely to change in
the near future. Namibia and South Africa are party to the 1997 UN Watercourses Convention, while
Botswana is not. Further, the three countries are unlikely to consider the STAS part of the Orange-Senqu
‘watercourse’ as defined under the Convention. This is because the hydrological relationship between the
STAS and the Orange-Senqu River does not unequivocally meet the Conventions’ criteria for including an
aquifer as part of a watercourse. First, the actual hydrological connectivity of all the STAS’ layers to the river
is debated. Second, the direction of groundwater flow does not lead to a common terminus with the river.
Even, if these legal-technical issues within the Convention itself were clarified and the STAS were
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1997 South African Water Services Act

1971 South African Water Research Act

1993 South African Geosciences Act

1998 South African Water Act

2013 Namibia Water Resources Act**

1956 South African Water Law*

1967 Botswana Boreholes Act

1956 Botswana Water Act

1999 Kgalagadi Transfrontier Park Agreement

1992 Agreement between the Namibia and South Africa

2000 Orange-Senqu River Basin Agreement

2000 SADC Revised Water Protocol

2008 ILC Draft Articles

1992 UNFCCC

1977 UNESCO Ramsar

1994 UNCCD

1992 UNCBD

1997 UN Watercourses Convention

1992 UNECE Water Convention

Table 8.3 Inclusion of groundwater governance principles in the STAS framework

POLITICAL
CBDR
Exchange of Information
Notification of Emergency
Situations
Notification of Planned Measures
Obligation to Cooperate
Peaceful Resolution of Disputes
Sovereignty
ENVIRONMENTAL
Aquifer/basin as the Unit of
Management
BATT
Conjunctive Use
EIA
Invasive Species
Monitoring
Pollution Prevention
Precautionary Principle
Protected Areas for (Ground)water
Protected Recharge and Discharge
Zones
Protection and Preservation of
Ecosystems
Subsidiarity
Water as a Finite Resource
SOCIAL
Capacity Building
Equitable and Reasonable Use
Human Right to Sanitation
Human Right to Water
Intergenerational Equity
Poverty Eradication
Prior Informed Consent
Priority of Use
Public Access to Information
Public Awareness and Education
Public Participation
Rights of Women, Youth, and
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Indigenous Peoples
ECONOMIC
Open International Economic
System
Polluter Pays
Water as an Economic Good
* currently applicable to Namibia
**gazetted, not entered into force

considered part of the Orange-Senqu watercourse under the Convention, it is unlikely that Botswana would
sign it because it is party to the 2000 Revised SADC Protocol, which has largely similar content .72 The
Revised Protocol is largely modeled after the UN Watercourses Convention, and is actively implemented
through the SADC Secretariat.
Second, donors (e.g. GEF/World Bank, UNESCO-IHP, FAO as well as countries such as UK, Germany, the
Netherlands, and Switzerland) have significantly influenced the water governance in the STAS area by
actively endorsing the IWRM discourse (Van der Zaag 2005). This creates dependency on donors since there
is a shortage of capacity, monitoring and data assessment. In recent years, these organization have shifted
their focus from IWRM to hydro-diplomacy, even in the data scarce environments where countries need a
better understanding of the resources which they seek to govern in order to effectively engage with each
other.

8.5
8.5.1

DISCUSSION: CONTRIBUTING TO SUSTAINABLE DEVELOPMENT IN THE STAS
Principles’ Relation to Drivers

I now analyze whether the normative framework addresses the multi-level drivers (see Table 8.2) of
groundwater problems. The analysis shows that none of the drivers present in the STAS are fully and
effectively addressed by the groundwater governance framework. Thus, I first examine the drivers that the
framework either partially addresses or addresses either in policy or practice, but not both. Then, I discuss the
drivers that the framework neglects entirely.
The drivers of climate change; customary practices and indigenous knowledge; some non-groundwater
policies (e.g., development, energy, food security, forestry); history of colonization/ apartheid legacy; land
rights; natural changes in groundwater quality and quantity; pumping and pollution by individuals, local
authorities, and commercial agriculture; and spread/migration of flora and fauna are partially addressed in the
STAS groundwater governance framework’s texts, but hardly implemented. Grazing, land management
practices, and use strategies are not dealt with in code, but are, to a limited extent, dealt with in practice.
The framework does not include any principles calling for climate proofing existing policies to make them
adaptive to the possible impacts of climate change, especially given that global climate models indicate
groundwater recharge here will fall by at least 10% under all scenarios (Jiménez Cisneros et al. 2014)
reducing the available groundwater in the Auob. Botswana is developing a climate policy, but South Africa’s
National Water Strategy, which does discuss climate change, and its Climate Response Strategy (2004) only
promotes groundwater conservation, and Namibia’s National Policy on Climate Change (2010) does not
explain how to deal with the consequences to groundwater. So, while the SADC region is predicted to be
vulnerable to climate change and groundwater governance frameworks support adaptation and mitigation in
general, there are insufficient groundwater-specific measures.
Natural changes in groundwater quality and quantity as well as pumping and pollution caused by various
stakeholders are partially addressed through the principle of protection of groundwater recharge and
72
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discharge areas. However, this is only included in the non-binding 2008 ILC Draft Articles. Interestingly,
South Africa does include managed aquifer recharge in their national water laws and policies.
The existing governance framework addresses the drivers of pumping and pollution to some extent.
Importantly, all three countries establish the governments as the owners/custodians of water resources and
have rights/permitting regimes. However, there are serious issues with enforcement and reporting of uses,
especially in Namibia. Further, the allocation system in Botswana need to be updated. Since the STAS is a
remote area, principles related to capacity building and public education are important for community-level
groundwater management but they hardly included.
There are limited structural equity principles that can address the continued effects of apartheid on
educational disparities and inequitable land rights within Namibia and South Africa. The reconciliation and
redress schemes give communal lands and opportunities to farm to disenfranchised populations but have yet
to remove the disparities in access and allocation to groundwater. Further, local uses were not always
considered reasonable or ‘beneficial,’73 particularly in Namibia.
Non-groundwater policies, land use strategies, and population growth/urbanization have the potential to drive
increased groundwater use through expansion of agricultural schemes (and possibly associated overgrazing
and spread of groundwater-dependent invasive species), increased ability to pump groundwater and increased
demand. While there are several regulations in the Stampriet Framework that would counter these drivers
such as licensing schemes and maintaining an ecological reserve, they are not being implemented in a
coordinated fashion. Further development policies, particularly in Botswana and Namibia, are inadvertently
encouraging movement toward water scarce cities and away from more water secure rural areas. Interviewees
recommended a principle or mechanism which would facilitate integrated approaches to managing these
challenges
There are no principles addressing the drivers of global or regional trade in the meat and medicinal products
from this region such as cattle feed and Lucerne (Alfalfa). The framework also lacks principles which
address the challenges emerging from the tourism industry. Given, the strong links that these industries have
to economic growth in this region, this finding implies that economic development may be largely dependent
on sustainable groundwater use. Thus, the development of principles addressing these areas is an imperative
(see Table 10.1).

8.5.2

Incoherence and Contradictions in Principles

The STAS groundwater governance framework varies greatly in terms of coherence across geographic levels,
but is notably coherent within each geographic level, particularly the national level. As such the key areas of
incoherence are not predominantly in code but rather between code and practice, either in terms of
implementation or enforcement. With respect to contradictions, the STAS framework also exemplifies the
tensions discussed in Section 4.7. Thus, in a similar approach to Sections 5.4.2, 6.4.2, and 7.4.2, I will discuss
the relevant principles, how they are dealt with in practice and highlight key areas of incoherence and
contradictions.
The political principles included in groundwater- and water-specific laws and policies range in their
relevance and application in the Stampriet. Dispute resolution is included at all geographic levels, including
the community level in Namibia and Botswana where groundwater disputes are resolved informally within
farmers associations and if necessary with intervention by district councils.74 However, there is little evidence
of water users availing themselves of these resources – particularly in the STAS area. Notification of
emergency situations is also included at all levels. The global level, especially the environmental laws and
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policies, includes the principles of information exchange, the obligation to cooperate, and the peaceful
resolution of disputes, which all have a bearing on interstate relations. The latter two of these principles are
also emphasized at the regional-transboundary level. At the national-level, the laws also include provisions
for establishing enforcement institutions, licensing or permitting regimes, and the ability to access land for
groundwater monitoring. While licenses and permits are legally required in all three countries, illegal drilling
and improper drilling practices were reported in Botswana and Namibia.75 At the subnational level,
monitoring may occur in game reserves and among farmers for shared boreholes.76 Conducting EIAs is
reported at the district level in the countries, noting that the relevant water management authorities are not
always included in the assessment process.77Neither, notification of accidents nor data exchange are
meaningfully included in the STAS governance framework, indicating an area of incoherence. However, data
exchange was a key focal area of the GGRETA project and all countries were interested in establishing a
shared data information system for the STAS in the next two years.
With respect to the environmental principles, using the aquifer/basin as the unit of management, EIA,
ecosystems protection, monitoring and pollution prevention are included at all geographic levels. In practice
ecosystems protection occurs through game reserves and project activities of domestic and international
NGOs;78 monitoring occurs in game reserves and among farmers for shared boreholes;79 and the completion
of EIAs is reported at the national and district levels80. The global, regional and transboundary levels also
include the notification of planned measures, but this is not translated down to national level. At the national
level, the 2013 Namibian Water Resource Management Act and the 1998 South African Water Act include
more specific provisions for conservation, establishing an ecological reserve, restrictions on pumping and
extraction during water shortage, regulation of waste disposal and wastewater discharge and water quality
standards. However, water conservation activities in the three countries are limited in practice.81 In
Botswana, regulation of waste disposal and discharge is promoted at the district level through land use
planning activities.82 None of the frameworks include groundwater-specific principles or the principle on
invasive species in a significant way. The Orange-Senqu agreement requires control of aquatic weeds but not
terrestrial flora that may have an impact on (ground)water resources. This indicates a moderate level of
consensus between the countries regarding key environmental principles, but also indicates implementation is
a critical challenge.
In assessing the social principles, equitable and reasonable use is the only principle included at all levels.
Providing human access to water is also a priority issue at the global, national and subnational levels but the
various governance instruments make it explicit in different ways. At the national level, in Botswana, it is
framed as the prioritization of vital human needs, while Namibia and South Africa include it as a human right
to water. At the subnational level, in Botswana and Namibia, subsistence farmers report enforcing informal
rules around equitable use of water in stock management practices.83 In Botswana, there are also wells with
variable yields that can run out of water for days. In these situations, community members work together to
ensure supply to each other.84 However, there is one settlement in Botswana that has no access to potable
water if the well is not producing water and the community copes by stocking and rationing water.85 There
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are no clear principles or policies regarding how to cope with this situation, indicating a key gap in the
framework.
With respect to the rights of women, youth and indigenous peoples, at the global level all three countries are
party to the UN CBD, which acknowledges these rights. At the regional-transboundary level, none of the
laws or policies include these rights. At the national level, the rights of indigenous peoples are included in the
1967 Botswana Water Act. Namibia’s 2013 Water Act indicates that redress for gender discrimination should
be considered in licensing and financial support schemes. Similarly, ‘redressing the results of past…gender
discrimination’ is one of the purposes of the 1998 South Africa Water Act (Article 2(c)). However, neither
youth nor indigenous peoples are explicitly mentioned in the law. Further, in all three countries these
specifics regarding the implementation of these rights, in particular indigenous rights, are negotiated.86 The
rights of women and youth are upheld in policy but their practical status varies in communities (see Van
Koppen, B., Giordano, M., Butterworth, J., Mapedza 2007).
Principles supporting public engagement are well supported at the global level, but absent from the
transboundary level. At the national level, public participation and public access to information are included
in code but prove difficult in practice. In Botswana, regulators facilitate limited public participation through
community forums called Thotla meetings.87 The 2013 Namibian Water Resource Management Act and the
1998 South African Water Act establish water users’ groups through which engagement is facilitated.
However, in Namibia this group is only active among farmers in a small area of the aquifer and in South
Africa, the group’s formation is still pending a detailed water resources assessment. Further, intergenerational
equity is not included in the (ground)water-specific laws and policies. The remaining social principles (i.e.
capacity building, human right to sanitation, poverty eradication, prior informed consent) are not significant
components of the STAS governance framework at any geographic level. It is worth noting that the 1971
South Africa’s Water Resources Research Act (not fully assessed here) dedicates significant funding to water
research. This indicates that there is a complex web of social principles that are present in code but dealt with
incoherently in practice and are not well-aligned across levels of governance.
Economic principles are largely absent from the global and regional-transboundary levels of the STAS
governance framework. South Africa and Namibia include water as an economic good in the form of cost
recovery mechanisms and the user pays principle. They also include the polluter pays principle. All three
countries impose fines and penalties for violating the laws. At the subnational levels, cost recovery for water
services provision and user payment occurs through the parastatal water utilities. In rural communities that
cannot afford to drill boreholes, the Namibian government also provides financial assistance to do so.88
However, the parastatal water supply in Botswana has no mandate to supply ‘unserviced’ lands, yet these
communities are being allocated water and the utility must find a way to provide it.89 Thus, the analysis
indicates coherence around economic principles at the national level, but incoherence across levels.
As discussed in Section 4.5, there are theoretical debates regarding the tension between sovereignty and
equitable and reasonable use as well as between the human right to water and sanitation and water as an
economic good. Analysis shows that the tensions between sovereignty and equitable and reasonable use is
mirrored and to some extent amplified in the STAS governance framework. All the STAS countries
participate in global environmental agreements that affirm sovereignty, and Namibia and South Africa are
party to the UN Watercourses Convention that emphasized territorial integrity and equitable and reasonable
use. The 2000 Revised SADC Protocol affirms state sovereignty and requires equitable allocation via
interstate licensing regimes, but the subsidiary Orange- Senqu Agreement includes neither sovereignty nor
licensing. While none of the STAS countries mention sovereignty in their national laws and policies, both
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Namibia and South Africa include equitable and reasonable use and Botswana sets out provisions for
establishing an equitable allocation regimes. This indicates that the STAS countries have adopted an
approach that acknowledges sovereignty at the regional level, but focuses on equitable and reasonable use as
the basis for their allocation regimes both at the transboundary and national levels. In practice, establishing
these regimes taking into account groundwater has proven difficult as a result of incomplete information
about the STAS’ groundwater resources. It also brings about the question of whether sovereignty stands in
the way of equitable sharing; although in the case of the STAS, it seems that more practical factors have
caused the allocation and access challenges.
In terms of the human right to water and water as an economic good, review of the STAS governance
frameworks shows that South Africa has included the human right to water in its Constitution and implicitly
in its water law, Namibia has included it in its water law, and Botswana is working towards implementing the
human right to water in practice despite delays in its codification. The human right to sanitation has not
received the same attention as the human right to water, either in policy or practice for the three countries.
Simultaneously, cost recovery for water services is required by law in Namibia and South Africa and it is an
ongoing practice in all three countries. South Africa has already experienced tensions between cost recovery
and the human right to water and sanitation through two court cases, wherein citizens claimed that their rights
were not being fulfilled (Francis 2005). While there is no record of litigation in Botswana or Namibia,
interviewees highlighted the difficulties in achieving equity in access while recovering costs.

8.5.3

Principles’ Relationship to Sustainable and Inclusive Development

This analysis shows that at each geographic level, there is varying emphasis on the different ideal-types of
governance principles. It also shows areas where the normative framework for groundwater governance is
well supported, has gaps, or is inconsistent across these levels. Figure 8.3 below, summarizes the key areas of
the framework and gives an overall impression of its status in the context of sustainable development. It also
provides an overall indication of the status of the normative framework with regard to sustainable and
inclusive development.
Overall, the normative framework is more developed in governance texts than it is in practice although some
exceptions are discussed in the text above. In the texts, the political and environmental norms are the most
developed, being highly or moderately present across geographic levels. The key gap in these areas is with
respect to the groundwater specific principles. However, in practice, state authority and sharing of
groundwater data and information are limited by resources and capacity. Sheer distance between the
groundwater users and the offices of national and subnational agencies is a main challenge. Also, there are
legal technicalities that hinder enforcement of the current laws in Botswana and Namibia.
The social dimension demonstrates a paradox in texts versus practice. In the governance texts, equitable and
reasonable use is the only norm well supported in the texts. Principles regarding access for human needs are
moderately supported while those for public engagement and consent are weakly supported, indicating a
significant gap. Yet the practical circumstances in the countries have the opposite dynamic. Thus, significant
efforts toward attaining equitable and reasonable use are undermined by larger historical, political and
economic drivers. For example in Namibia, land tenure rooted both in apartheid and the post-apartheid
reconciliation have left people residing in communal lands without the legal, economic, or political capital
necessary to significantly increase their access to water resources and move beyond subsistence farming into
larger-scale operations. Community-based norms and government initiatives to provide water in rural and
remote areas fill the gaps with regard to gaining access for human needs. Public engagement and consent are
moderately present in the framework but difficult to achieve in practice, in part because of practical
challenges of distance, manpower and language barriers.
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Figure 8.3 Distribution of Principles across the STAS Governance Framework

In the economic dimension, incentives to improve (ground)water knowledge and infrastructure are lacking
while principles with respect to trade is wholly absent at all geographic levels. Cost recovery and penalties
are highly supported at the national levels. Yet cost recovery has brought up concerns in practice, for users
who cannot afford to pay. However, implementation of cost recovery is resource intensive and predicated on
a well-designed and metered distribution system.
With regard to the sub-dimensions of inclusive development, there is limited potential for relational
inclusiveness. When focusing on the regional-transboundary and national levels, only the Orange-Senqu
agreement and the national laws of Namibia and South Africa, include the notification of emergencies. Prior
informed consent is only required in the regional-transboundary agreements and EIA in the Orange Senqu
agreement. There is more coherence around the principles of public access to information and public
participation, which would support relational inclusiveness if actually implemented. The elements of social
inclusiveness were highlighted by several interviewees as requiring more attention. However, within the
current framework social inclusiveness is weakly supported by the principles given the tension between cost
recovery and the human right to water. Further, capacity building and public education and awareness are
nearly absent from the framework even though they would help to re-focus countries from wealth creation to
human and natural capital creation. Environmental inclusiveness only has moderate potential due to the
widespread inclusion of pollution prevention and significant attention to monitoring and ecosystems
protection. However, the absence of conjunctive use and the protection of recharge and discharge zones as
well as intergenerational equity, limit prospects along this sub-dimension. Thus, achieving inclusive or even
sustainable development would require significant bolstering of several elements of the STAS governance
framework.
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This analysis has shown the complexity of the framework for groundwater governance in the STAS; has
contextualized it, historically and socio-politically; and has given some indication of the practical state of
implementation and enforcement. As discussed in Section 8.2, the STAS is unlikely to be permanently or
completely depleted, although there is evidence that short-term depletion is occurring. Rather, the challenge
will be ensuring that critical ecosystems services can be maintained and that shifts in demographics and
economic activities can be supported by the quality and quantity of groundwater available. In the STAS
region, groundwater receives more attention in policy than in practice, in part due to limitations in data
availability, capacity and manpower. Yet groundwater is a key contributor to regional development and
growth. Thus, this section presents four conclusions regarding the current state of groundwater governance in
the STAS.
First, the formal framework for groundwater governance in the STAS mostly emerged within the last 20
years after the end of the apartheid era. However, the historical influences of colonialism and apartheid
clearly influenced how governance is designed. All three of the STAS countries have national laws regulating
groundwater, are part of an international river basin that deals with groundwater, and are party to SADC’s
regional water protocol, which includes groundwater in its scope. As such, there are multiple geographic
levels at which groundwater governance is addressed. Nevertheless, two key definitional issues arise. The
first is regarding the STAS itself, how it should be defined, what is the nature of the groundwater problem,
and which hydrogeological attributes have transboundary implications. The second is with respect to how the
individual groundwater governance instruments define and include groundwater resources in their scope and
implementation. In both areas, there is lack of coherence and/or structured activities which will help
reconcile these issues, such as a comprehensive modeling and assessment of the STAS or a holistic
governance framework jointly implemented by the three countries.
Second, the lack of coherent knowledge on the STAS’ hydrogeology and structure has resulted in sporadic
inclusion of the governance principles. Most principles are not explicitly included and a wide range of
principles are used but without much consistency within and between geographic levels, resulting in
horizontal and vertical pluralism. The SADC Revised Protocol has a discernable influence on groundwater
governance practices in each of the countries and in the Orange- Senqu river basin organizations. The highlyregarded South African Water Act has also had a clear influence on the design of the 2013 Namibian Water
Law. While both of these developments move groundwater governance in the STAS in the same general
direction there is still different emphasis on different governance principles at each geographic level. Political
principles are included in every level. However, social principles primarily appear at the international and
national levels, where there are incongruences regarding prioritizing human uses or acknowledging the
human right to water.
Environmental principles occur at each level but are not always emphasized, only protection and preservation
of ecosystems is consistently included. Economic principles are only addressed at the national level. Despite
lack of access to water resources for subsistence uses and a semi-arid climate, there is no consistent inclusion
of social and environmental issues. The combination of principles is such that if water extraction continues in
response to the need for ‘growth’, it might cause further social and ecological problems, thus making it more
difficult to achieve inclusive and sustainable development.
Third, the drivers of groundwater governance in the STAS are weakly addressed by the principles. As, discussed above, principles directly addressing climate change are a weakness of the groundwater governance
framework worldwide, not just in the STAS. In addition to the uncertainty regarding the discharge
mechanisms of the Auob aquifer, climate change in the STAS area is predicted to result in fewer recharge
events and eventually a reduction of available groundwater. Given the high level of groundwater dependency
in the area, the residual effects of these shifts could directly impact the populations and economies of the
STAS countries.
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The de facto economic principles, that operate beyond the scope of the STAS groundwater governance
framework, have substantial impacts on sustainable development in the STAS. The impact of trade on water
governance has been discussed thoroughly in the virtual water discourse as well as specifically with respect
to (ground)water governance in recent literature (Conti and Gupta 2015; Hoekstra and Hung 2002;
Vörösmarty et al. 2015). Nevertheless, principles designed to directly address these issues in the governance
framework are absent world-wide. This broad normative gap has clear implications for the STAS given that
globalization is driving increased trade in agricultural products from Southern Africa to Northern Europe and
is thus a significant driver of groundwater use from low rechargeable groundwater units in the area. This is
particularly true of indirect uses that consume ‘green water.’ Increased trade in groundwater intensive
products is triggering an increase in groundwater irrigation, consumption of endemic groundwater dependent
plant species (especially for medicinal plants), and potential for overgrazing/bush encroachment. Since some
studies indicate that evapotranspiration is a significant source of ‘discharge’ for the STAS, governance
mechanisms should be designed to address these issues.
The potential effects of demographic shifts and the move towards universal access to water and sanitation,
could have impacts on the STAS. The emergence of the human right to water and implementation of the
2015 SDGs drive universal access to water services and result in increased (ground)water use. Changes in
demographics such as population growth and urbanization affect groundwater resources in all three STAS
countries by increasing local demand for water and sanitation services (also noting the potential for the
STAS’ groundwater to be transferred outside of the aquifer area). The naturally occurring saline groundwater
constrains the viability of additional extraction and must be a major consideration. However, the framework
at present does not deal with naturally occurring contamination.
Fourth, although the overall framework could provide a supportive foundation for sustainable development,
the principles supporting the sub-dimensions of inclusive development are not rigorously included and deserve additional consideration. Issues such as maintaining indigenous peoples’ access to groundwater and
groundwater dependent species (regardless of land tenure disputes) are not addressed explicitly within the
groundwater governance framework. This history of colonization and apartheid has resulted in disparities in
education and land rights that effect land management, conservation, public participation and equity. Further,
the path to achieving universal access is rife with practical obstacles that lack regulatory instruments and
designated financial resources to address them.
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Chapter 9. Conclusion: Towards Normatively Coherent
Groundwater Governance Across Geographic Levels
9.1

INTRODUCTION

This chapter brings the different elements in this thesis together by recalling and responding to the
research questions for all geographic levels of groundwater governance.

9.2

RECALLING THE RESEARCH QUESTIONS

This research sought to characterize and assess the state of groundwater governance at multiple
geographic levels. Based on the myriad challenges concerning the sustainability of groundwater
resources and their link to the sustainable and inclusive development of the populations and ecosystems
that depend on them, it asked the question ‘What are shortcomings of the current normative architecture
for sustainable and inclusive groundwater governance and what are the key elements of a normative
architecture at multiple geographic levels that are consistent with sustainable and inclusive
development?’ In order to answer this question, five sub-questions were developed: How are
hydrogeology, ecosystems services and the drivers of groundwater problems taken into account in the
normative architecture? How have groundwater governance frameworks evolved at multiple geographic
levels, from global to local? Which groundwater governance principles have been included in these
governance frameworks at multiple geographic levels? How does legal pluralism manifest within and
across multiple geographic levels? How do the current designs of the normative architecture contribute
to sustainable and inclusive development at multiple geographic levels?
To respond to these questions, I adapted a framework for institutional analysis developed by IDGEC
(see Table 2.1). Using the framework within a multi-level approach allowed me to (1) assess existing
groundwater governance institutions, (2) analyze the content/principles/instruments therein; (3) pinpoint
the relevant actors in groundwater governance frameworks; (4) identify the origins and drivers of
groundwater problems and whether they are addressed by existing frameworks; (5) assess institutional
performance through the lens of legal pluralism; and (6) based on the assessment propose a redesign of
the existing normative framework that is consistent with inclusive and sustainable development.
Reflections on how my theoretical and methodological choices influenced my results are provided as a
starting point for the redesign in Chapter 10.

9.3

EVOLUTION OF GROUNDWATER GOVERNANCE WORLD-WIDE

I now examine how groundwater governance frameworks have evolved at multiple geographic levels,
from global to local. Water governance instruments have developed over thousands of years, rapidly
accelerating over the last 100 years due to advances in the relevant sciences, geo-political shifts, and has
both influenced and been influenced by global environmental and water law and politics. Throughout
history local communities have used their groundwater and made rules regarding access to, and use of,
groundwater (Caponera 2007; Dellapenna and Gupta 2009). The development of technologies within
the context of pursuit for ‘economic growth’ have led to major problems with groundwater requiring
more formal governance approaches. I have not looked at local practices, but at the evolution of the
formal groundwater governance frameworks world-wide.
Although groundwater is 97% of all fresh water, groundwater-related developments in governance have
mostly occurred within the last 50 years due to the influence of international organizations and
international discourses in water policy (Conca et al. 2006; Cullet 2013). Groundwater governance at
the global level is rooted in environmental and water law and policy and is now being modified to
accommodate the specific characteristics of groundwater resources. Although the development of
agreements has been increasing rapidly, uptake with respect to country participation has been slow.
Regional-transboundary groundwater governance started roughly 200 years ago as part of river basin
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agreements, which have slowly begun to incorporate groundwater into their scope. Groundwaterspecific agreements have mostly emerged within the last 20 years as a consequence of international
influence.
The evolution of groundwater governance world-wide can be divided into four phases, similar to the
phases of IWRM outlined by Allan (2006). The first pre-1960 phase primarily focused on increasing
individual and small-scale abstractions contributing to a ‘pumping race’ (see x-axis of Figure 9.1) and
groundwater was tangentially included in instruments focused on surface water. The second phase
(1960 – 1992) witnessed large scale abstractions especially for agricultural uses in a silent revolution
and groundwater managers tried to curb groundwater depletion through technical means, e.g. reducing
losses from poorly installed wells (Margat and van der Gun 2013). At the same time, academic
discourses around water governance and sustainable development were emerging. A critical turning
point occurred in 1992, when it became clear that institutional approaches were necessary to combat
depletion, rather than a reliance upon technocratic interventions. Institutional discourses entered the
policy realm at the global level and over the next ten years this also influenced the regionaltransboundary levels. The third phase began in 1993 and ended in 2003, where groundwater began to be
included in global and transboundary water governance frameworks designed for surface water. Now,
we are in the fourth phase, wherein there is a slow realization that specific and concerted attention needs
to be given to the groundwater governance institution, beyond what already exists in water institutions
more broadly. Each of these phases now is discussed in greater detail along with their relationship to the
use and exploitation of groundwater resources.
The first, pre-1960 phase of groundwater governance could actually be considered a pre-groundwater
governance phase. There was little groundwater-specific activity at any geographic level, beyond the
local. This is in contrast to numerous developments in bilateral and multilateral agreements on surface
water, particularly concerning navigational uses. The early part of this phase corresponds to a premodern phase of groundwater use and development, where the inability to pump groundwater from
great depth prevented mass exploitation. Thus, legal developments were a function of political shifts,
such as the independence of nations that were former colonies or protectorates as well as delineation of
new territories, rather than a response to emerging groundwater problems. However, in the later years of
this phase, water technologies emerged and the pumping race began, eventually triggering a new phase
of water governance.
In the second phase (1960 to 1992), global-level discourses began to emerge regarding the nonnavigational uses of transboundary surface waters as well as discussions about policies addressing
broader environmental sustainability challenges. Both of these discourses only addressed groundwater
indirectly, with the exception of the ILA’s 1986 Seoul Rules (see 5.2). At the regional-transboundary
and national levels, some countries became especially concerned with groundwater issues (Mechlem
and Burchi 2005). For some countries, this was due to biophysical drivers such as long-term droughts
(e.g. Sahel region) or water management challenges such as flooding in South and South East Asia. For
others, it was further political shifts - such as decolonization in West Africa, the impending collapse of
the apartheid regime in Southern Africa, and the dissolution of the Soviet Union – that drove the
increased use of groundwater resources and the development of (ground)water governance. In many
locations, the pumping race coincided with the green revolution, which combined brought on a ‘silent
revolution’ in groundwater exploitation due to agricultural and energy subsidies (M. R. Llamas and
Martínez-Santos 2005). The 1992 Rio Declaration marked the end of this phase, as the global
community developed a set of non-binding principles for environment and development.
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Figure 9.1 Evolution of Groundwater Governance World-wide

Note: Adapted from Allan (2006)

In the third phase of groundwater governance (1993-2003), the scientific and policy community
garnered significant attention for broader environmental concerns and surface water resources.
Consequently, some countries and regions started to include groundwater in their ecosystems protection
instruments in order to address the negative consequences of groundwater depletion and pollution. As
such, many instruments relevant to groundwater governance were developed during this phase,
especially at the global and national levels. Globally, there were two water-specific conventions and five
groundwater-relevant environmental conventions. Nationally, countries either amended or streamlined
their water laws during this time in order to change the trajectory of (ground)water resources
exploitation (Caponera 2007; Tarlock 2004). Yet, groundwater did not receive adequate and appropriate
attention in these governance frameworks’ implementation.
The fourth phase (2003-2014) was marked by four global and regional-transboundary developments.
The first was the updating of transboundary and national governance frameworks as a result of the
adoption of the 2003 EU WFD, which explicitly included groundwater within its scope. Second, the
increased attention to groundwater in the SADC region due to the revision of its Water Protocol
triggered signatories and river basin organizations to adopt more concerted groundwater policy. Third,
global groundwater-specific soft law principles in the 2004 ILA Berlin Rules and the 2008 UN ILC
Draft Articles provided clear guidance. The fourth was a greater push from international donor agencies
to directly address issues concerning groundwater governance in the world’s largest transboundary
aquifers.
These developments also coincided with a second awakening regarding the need for groundwater
governance to cope with the rapidly increasing rates (3%) of groundwater abstraction around the world.
The utility, advantages and vulnerabilities of groundwater are gaining increasing interest, yet regulatory
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frameworks and hydrogeological knowledge lag behind. And there is a notable deceleration in the
development of groundwater governance instruments across all geographic levels, perhaps indicating
that:
(i)

(ii)

(iii)

(iv)
(v)
(vi)

9.4
9.4.1

countries are acknowledging the systemic nature of water, environment, and development
issues and feel that there is no real justification for a groundwater-specific regime – this
could also be explained by their adoption of the SDGs which sees the different goals and
targets as indivisible, interrelated and interconnected;
countries are focusing on the implementation of existing environmental and water
agreements (multi-lateral, bilateral, domestic) and/or IWRM approaches, with the intention
of including groundwater in this process;
water scarce countries are less willing to discuss groundwater challenges and are leaning
back towards an absolute territorial sovereignty approach; most countries with groundwater
depletion have not ratified any direct water related conventions;
countries feel that they lack the necessary information and capacity to address groundwater
problems; and/or
a lack of political will and/or pressure to address issues regarding transboundary groundwater
resources; and
countries are experiencing treaty exhaustion within the area of global environmental
governance.

PATTERNS AND LEGAL PLURALISM IN GROUNDWATER GOVERNANCE
Patterns in Use of Principles

Based on the content analysis of groundwater governance frameworks world-wide, this section
analyzes: Which groundwater governance principles have been included in these governance
frameworks across multiple geographic levels?
The analysis in Chapter 4 showed that, there are 35 principles related to groundwater governance which
have evolved from several areas of international environmental and water law/policy. They are
distributed unevenly across the dimensions of sustainable development and vary in their status and the
extent to which they are specifically targeted at groundwater.
The cross-level analysis of the groundwater governance principles shows that only three principles of
the 35 reviewed were included in more than half of the groundwater governance frameworks: water as
economic good (52%), monitoring (53%) and pollution prevention (82%) (see Table 9.1). Only 12
principles are included in one-fourth to one-half of the frameworks. This means that less than half of the
groundwater governance principles are included in more than one fourth of groundwater governance
frameworks world-wide. This is a clear indication of a lack of norm cohesion across geographic levels.
With respect to the political principles, only exchange of information and peaceful resolution of disputes
are included in more than a third of the frameworks. CBDR is hardly included. However, given that
most of the political principles are designed to deal with interstate relations, it is unsurprising that they
are primarily used at the global and regional-transboundary levels and less so at the national levels; thus,
potentially accounting for a slightly lower overall inclusion across levels. At the same time, if countries
are expected to share water with other riparians, this could mean that such sharing principles have to be
accounted in one way or another within domestic law.
Six of the thirteen environmental principles are present in greater than a third of the frameworks:
aquifer/basin as the unit of management, EIA, monitoring, pollution, protected areas for (ground)water,
and protection and preservation of ecosystems. Of the remaining principles, conjunctive use, invasive
species, protected recharge and discharge zones, subsidiarity, and water as a finite resource are included

200

CHAPTER 9

in less than 10% of the frameworks. This includes two of the three-groundwater specific principles.
Thus, in relative terms, the environmental principles receive the most emphasis, but frameworks neglect
groundwater-specific principles.
Four of the twelve social principles are included in more than 30% of frameworks: equitable and
reasonable use, priority of use, public access to information, and public participation. Public education
and awareness and the rights of women, youth and indigenous peoples are both included in exactly 14%
of frameworks. The remaining principles are in 10% of frameworks or fewer and most of them
explicitly deal with rights and equity. These findings show, that the social dimension of groundwater
governance is underrepresented and focuses on intra-generational equity, equity-based distributive
allocation and public involvement in water governance. The frameworks tend to ignore
intergenerational equity and rights-based allocation as well as education of the public and water
professionals.
The polluter pays principles and the principle of water as an economic good are included in 33% and
52% of frameworks, respectively. The polluter pays principle is more strongly emphasized at the
regional-transboundary level, whereas water as an economic good is emphasized at regionaltransboundary and the national levels, mainly through cost recovery regimes in the EU and national
water laws. Only five frameworks explicitly include an open international economic system and three of
the five are at the global level. However, as previously discussed, groundwater governance operates
within a de facto neoliberal economic system that treats water as an economic good.
Overall, this shows that progressive development in principles relevant to groundwater governance have
not yet permeated through the multiple levels of governance. Consequently, the principles most relevant
to groundwater and to inclusive development (i.e. those contributing to relational inclusiveness) are not
engrained in the architecture. Further, actors appear to favor more broad-brush, open-ended principles
which could potentially be adhered to in a multitude of ways (e.g. pollution prevention), as opposed to
those with specific criteria for their achievement and built in accountability (e.g. human right to water
and sanitation). While this is consistent with current knowledge regarding state behavior, it has clearly
has less than positive implications for groundwater governance in the context of sustainable
development.
Table 9.1 Patterns in groundwater governance principles across all geographic levels
All Levels

Global

RegionalTransboundary

National

STAS Case

(n=184)

(n=15)

(n=23)

(n=140)

(n=13)

count

%

count

%

count

%

count

%

count

%

CBDR

3

2%

2

13%

0

0%

1

1%

1

7%

Exchange of Information

82

45%

10

67%

19

83%

53

38%

11

79%

Notification of Emergency
Situations
Notification of Planned
Measures

35

19%

6

40%

14

61%

15

11%

7

50%

28

15%

6

40%

11

48%

11

8%

5

36%

Obligation to Cooperate

27

15%

9

60%

8

35%

9

6%

8

57%

Peaceful Resolution of
Disputes

73

40%

8

53%

16

70%

47

34%

11

79%

Sovereignty

52

28%

8

53%

7

30%

37

26%

6

43%

Aquifer/basin as the Unit of
Management

86

47%

6

40%

13

57%

67

48%

5

36%

BATT

25

14%

2

13%

9

39%

14

10%

1

7%

Conjunctive Use

9

5%

2

13%

0

0%

7

5%

0

0%

EIA

62

34%

7

47%

12

52%

43

31%

7

50%

Invasive Species

5

3%

1

7%

0

0%

4

3%

2

14%
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Monitoring

97

53%

7

47%

17

74%

73

52%

7

50%

Pollution Prevention

150

82%

8

53%

15

65%

126

90%

9

64%

Precautionary Principle

32

17%

5

33%

10

43%

17

12%

4

29%

86

47%

1

7%

10

43%

75

54%

0

0%

15

8%

2

13%

4

17%

9

6%

2

14%

Protected Areas for
(Ground)water
Protected Recharge and
Discharge Zones
Protection and Preservation
of Ecosystems

85

46%

8

53%

15

65%

61

44%

9

64%

Subsidiarity

17

9%

0

0%

8

35%

9

6%

1

7%

Water as a Finite Resource

4

2%

1

7%

0

0%

3

2%

0

0%

Capacity Building

20

11%

5

33%

3

13%

12

9%

6

43%

Equitable and Reasonable
Use

59

32%

6

40%

14

61%

38

27%

10

71%

Human Right to Sanitation

3

2%

1

7%

0

0%

2

1%

1

7%

Human Right to Water

13

7%

3

20%

0

0%

10

7%

2

14%

Intergenerational Equity

16

9%

2

13%

0

0%

14

10%

1

7%

Poverty Eradication

10

5%

4

27%

3

13%

3

2%

5

36%

Prior Informed Consent

12

7%

4

27%

4

17%

4

3%

5

36%

Priority of Use

72

39%

3

20%

3

13%

66

47%

3

21%

57

31%

6

40%

9

39%

42

30%

6

43%

26

14%

3

20%

3

13%

20

14%

3

21%

66

36%

5

33%

11

48%

50

36%

4

29%

26

14%

4

27%

2

9%

20

14%

2

14%

5

3%

3

20%

1

4%

1

1%

2

14%

Public Access to
Information
Public Awareness and
Education
Public Participation
Rights of Women, Youth,
& Indigenous Peoples
Open International
Economic System
Polluter Pays

60
33%
3
20%
10
43%
47
34%
3
21%
Water as an Economic
Good
95
52%
1
7%
12
52%
82
59%
2
14%
* Only the six bilateral agreements from the STAS are added to the count of all the levels to avoid double counting of the global,
regional and transboundary level texts relevant to the STAS.

9.4.2

Principles’ Relation to Hydrogeology, Drivers and Ecosystems Services

This section assesses: How are hydrogeology, ecosystems services and the drivers of groundwater
problems taken into account across all geographic levels? Chapter 3 demonstrated that the
characteristics of groundwater differ from surface water in a significant way creating a definitional
challenge in groundwater governance. Chapters 5-8 presented four approaches to including groundwater
in the scopes of governance frameworks that occur across all geographic levels. First, including it as
part of the environment; second, including it as an integral part of a surface water body, if there is a
hydrological connection; third, including it as a type of water that may or may not be connected to
surface water i.e. ‘groundwater’ generally; and fourth as a distinctly delineated resources that may have
differing relationships to surface water resources (including no relationship) and administrative
boundaries i.e. ‘aquifer’ or ‘groundwater body’ (see Table 9.2).
This synthesis indicates that groundwater has received a very different treatment in the scopes of
groundwater governance frameworks and that actors tend towards certain approaches at each geographic
level. At the global level, there is no clear approach (cf. Aureli and Eckstein 2011; Mechlem 2011); at
the regional-transboundary level actors tend to delineate groundwater resources separate from surface
water, as feasible, but do not necessarily create groundwater-specific frameworks (Conti 2014;
Mechlem and Burchi 2005); at the national level, groundwater is considered as one of the types of water
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resources included in the overall water governance frameworks, but are rarely addressed in dedicate
portions of the laws (even in the EU where countries are required to delineate groundwater bodies
separately). The STAS case study serves as a microcosm of this multilevel issue, wherein different
approaches within and across levels imply that multi-level governance approaches may become
challenging as more countries begin to actively govern their groundwater (see Mechlem 2016 r.e.
multilevel challenges in groundwater institutions). In order to ensure compliance with multiple
frameworks, operating at different geographic levels will require actors to develop context-specific
policy guidance to ensure continuity.
A potential fifth type of scope for consideration in groundwater governance frameworks include laws,
policies and programs focused on the ecosystems services of groundwater. Existing frameworks that
could fall under this category include the 1971 Ramsar Convention on Wetlands, the Mura-Zala Aquifer
framework, and national level frameworks that focus exclusively on water services provision. These
laws and policies regulate the end uses of groundwater but not necessarily the resources themselves or
the drivers that motivate the uses. Additional examples include frameworks regarding agriculture,
balneology, geothermal resources, drinking water, MAR and carbon sequestration. As discussed in
Section 1.4.2, these types of laws, policies and programs fall outside the scope of my content analysis,
but are considered non-groundwater policies that may drive groundwater problems.
There is no conclusive trend regarding whether the normative framework for groundwater governance
addresses the direct drivers of groundwater problems (see Table 9.3). The drivers of pumping and
pollution by individuals, local authorities, companies and agriculture are to some extent dealt with at the
relevant geographic levels. The STAS case study shows that pumping and pollution by industry and
agriculture are addressed by central government regulators, but pumping and pollution by local
authorities was more difficult to address because enforcement has to occur via the parastatal water
providers. The other direct drivers, i.e. land use strategies and natural changes in available water
quantity, vary in the degree to which they are addressed by the existing principles in the frameworks. At
the national level, seven countries use land use planning provisions as a part of water resource
management and eleven countries require inter-ministerial coordination to enhance the sustainability of
water resources. Further, although one of the 35 governance principles indirectly addresses natural
changes in water quality and quantity (i.e. protection of recharge and discharge zones), 92 countries
include provisions to limit groundwater abstraction during drought or other times of low availability,
indicating that such limitations might be an emerging principle (see Table 10.1).
For the indirect drivers, at the global and the regional-transboundary levels, the customary principles of
international law are designed to address the political dynamics between states. But in practice, the
Mountain (Western) and Guaraní Aquifers show that broader political challenges can undermine
groundwater governance despite the presence of these principles. Groundwater governance neither
addresses climate change nor are policies climate proofed. Some indirect policies on adaptation have
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Table 9.2 Categories of groundwater in scopes of governance frameworks

REGIONAL-TRANSBOUNDARY

GLOBAL

GROUNDWATER AS TYPE OF
ENVIRONMENTAL RESOURCE

1971 UNESCO Ramsar Convention
1972 Stockholm Declaration
1992 Rio Declaration
1992 Convention on Biodiversity
1992 UN FCCC
1994 UN Desertification Convention
African Convention on Nature
ASEA Agreement on Nature

GROUNDWATER AS TYPE OF WATER

1977 UN Mar del Plata
2010 UN HRC/ UNGA Resolutions
2015 UN SDGs

--

GROUNDWATER (ONLY)
HYDROLOGICALLY
CONNECTED WITH SURFACE
WATER
1966 ILA Helsinki Rules
1997 UN Watercourses Convention

Orange-Senqu River Basinb
SADC Revised Water Protocol

DELINEATED GROUNDWATER
RESOURCE

1986 ILA Seoul Rules
1992 UNECE Water Conventiona
2004 ILA Berlin Rules
2008 ILC Draft Articles

Abbotsford-Sumas Aquifer
Al-Saq/Al-Disi Aquifer
Bolson de Hueco-Valle de Juarez
Aquifer
Canadian-American Great Lakes Basin
Danube River Basin Aquifers
Dinaric Karst Aquifers
European Union WFD & GWD
Franco-Swiss Genevese Aquifer
Guaraní Aquifer System
Iullemeden Aquifer System
Lake Chad River Basin Aquifers
Mekong River Basin Aquifers
Mountain Aquifer
Mura Zala Aquifer
North-western Sahara Aquifer System
Nubian Sandstone Aquifer System
Sava River Basin
Scheldt River Basin Aquifers
Upper Rhine Basin Aquifers

Albania
Germany
Oman
Algeria
Ghana
Oman
Argentina
Grenada
Palestine
Armenia
Guinea
Panama
Australia
Guyana
Papua New
Azerbaijan
Honduras
Guinea
Belize
India
Paraguay
Benin
Indonesia
Peru
Bolivia
Iran
Philippines
Bosnia &
Iraq
Romania
Herz.
Ireland
Russia
Botswana
Israel
Rwanda
Brazil
Jamaica
Samoa
Brunei
Japan
Saudi Arabia
Burkina Faso
Jordan
Senegal
Cambodia
Kazakhstan
Sierra Leone
Cameroon
Kenya
Slovenia
Canada
Kyrgyzstan
South Africa
Cen. African
Lao
Spain
Republic
Latvia
Sudan
Chad
Lesotho
Swaziland
Chile
Lithuania
Switzerland
China
Luxembourg
Syria
Comoros
Madagascar
Tajikistan
Cook Islands
Malawi
Tanzania
Costa Rica
Mali
Togo
Cote d'Ivoire
Malta
Trinidad &
Cuba
Mauritania
Tobago
Czech Rep.
Mexico
Tunisia
Djibouti
Moldova
Uganda
Dominica
Mongolia
United
Dominican
Morocco
Kingdom
Rep.
Myanmar
United States
Ecuador
Namibia
Uruguay
El Salvador
Nepal
Vanuatu
El Salvador
Netherlands
Venezuela
Estonia
Nicaragua
Vietnam
Ethiopia
Niger
Yemen
Fiji
Nigeria
Zambia
Finland
North Korea
Zimbabwe
France
Norway
Gambia
a Recent Model Provisions indicate groundwater will be addressed at the aquifer scale
b In practice, not in code

NATIONAL

Afghanistan
Colombia
Dominican Republic
Equatorial Guinea
Guyana
Iceland
Ireland
Japan
Jordan
Liberia
Macedonia
Marshall Islands
Myanmar
New Zealand
Seychelles
Sierra Leone
Singapore
Sri Lanka
Sweden
Thailand
United Arab Emirates
Yemen

--

Bahrain
Barbados
Botswana
India
Mauritius
Oman
Qatar
South Korea
Turkey
United Arab Emirates
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Table 9.3 Degree to which groundwater governance frameworks address drivers of groundwater problems
GLOBAL

REGIONALTRANSBOUNDARY

NATIONAL

DIRECT
Pumping and pollution by individuals to meet
household and subsistence needs

+

+

+

+

+

+

Pumping and pollution by local authorities for
service provision
Pumping and pollution by small-scale and
commercial agriculture
Pumping and pollution by industry (e.g.
manufacturing, energy, mining, bottled water)
Land use strategies of different actors and how it
affects recharge

+

+

__

_

Natural changes in available water quality

__

__

Natural changes in available water quantity (e.g.
drought or flood)

__

+

+*

_

_

__

__

__

__

__

_

__

__

_

__

_

INDIRECT
Climate change
Culture affecting access rights and pollution
behavior
Demography (population growth and migration
and how this affects groundwater access)
Economy (the focus on economic growth
without taking water limits into account)
International trade (e.g. ‘globalization’ or trade
in virtual water)
Non-groundwater policies on agriculture,
manufacturing, mining, energy, spatial issues,
trade, and economic growth
Political dynamics between states

+

+*

Poverty

__

_

Technology

__

__

Grey = Driver not applicable at geographic level
* = Driver is dealt with indirectly
+ = Driver is dealt with by principles at this level
- = Driver is not thoroughly dealt with by principles at this level
-- = Driver is completely neglected by principles at this level

been adopted in the transboundary Nubian Sandstone Aquifer System framework and in Guyana, New
Zealand, Peru, the Philippines, and Zambia. Cultural drivers affecting access rights and pollution
behavior could potentially be dealt with through capacity building, and public education and awareness.
However, only 10% of frameworks include the former and 14% the latter.
Although the polluter pays principle requires internalization of environmental costs and thus addresses
the drivers of economy and trade, the principle of an open international economic system and
considering water as an economic good promotes the commodification of water; and the principle itself
is more often than not inadequately implemented (Bakker 2010). The drivers of non-groundwater
policies like agriculture, industry, technology and poverty are not addressed through transboundary
water principles with the exception of a few transboundary aquifers where agricultural and energy
policies are taken into account (e.g. the Abbotsford-Sumas, Hueco-Bolson, and the Mura-Zala). At the
national level, there are measures addressing emerging technologies for managed aquifer recharge and
geothermal energy; however, there was little mention of drilling or (ground)water purification
technologies.
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Demographic growth and migration will increase the pressure on groundwater (Vorosmarty et al. 2000);
however, water policy does not deal with this issue in terms of suggesting how to adapt to increasing
demand. The STAS case study shows that migration to water-poor areas increases water stress, but
policies to deal with this were not observed during content analysis or fieldwork.
The last two interconnected drivers of water use - land tenure and colonial legal legacies – affect water
because land tenure may include rights to water, and colonial legal legacies may privilege certain types
of entitlements or groups (see Konrad-Adenauer-Stiftung and Namibia Institute for Democracy 2004;
McCusker et al. 2015 r.e. land tenure in Namibia and South Africa). These issues are not dealt with at
the global level. At the transboundary level, several frameworks require modified allocation of
groundwater resources, thus changing past ownership patterns. At the national level, 82 countries
explicitly make the state the custodian of water resources and separate water and land rights indicating
an emerging principle for groundwater governance (see Table 10.1).
The relationship between drivers of groundwater problems and ecosystems services was not thoroughly
addressed by the frameworks. While groundwater does not provide direct ecosystems services at the
global level, the drivers undoubtedly affect ecosystems services at the other geographic levels.
Groundwater resources at the regional-transboundary and national levels have experienced shifts in
ecosystems services as a result of unchecked drivers. In many cases, these shifts have catalyzed the
development of governance frameworks.
At the regional, transboundary level the Franco-Swiss Genevese and Bolsón del Hueco – Valle de Jaréz
aquifer cases show that very targeted responses to the drivers through context-specific principles and
activities (e.g. MAR and allocation regimes) created positive outcomes (De los Cobos 2010; Eckstein
2011b). Efforts in the Abbotsford-Sumas showed that overcoming economic drivers could not be done
through the existing principles in combination with stakeholder engagement alone but likely needs
additional principles and strategies to be successful.
At the national level, climate change buffering is an ecosystems service that could assist local
populations to cope with unanticipated changes in surface water availability. Yet, without a stronger
linkage between groundwater and climate in the governance principles, taking advantage of and
preserving these beneficial characteristics of groundwater could prove a significant challenge. Further,
the fact that governance frameworks ignore many of the (inter)national drivers could result in reduced
quality or quantity of available groundwater and potentially permanent depletion. As such, the
principles put in place to prevent pumping and pollution by individuals, local authorities, agriculture
and industry could be undermined by these unchecked drivers; thus, diminishing ecosystems services.

9.5

LEGAL PLURALISM AND SUSTAINABLE DEVELOPMENT

Using the eight characteristics of legal pluralism (see 2.4.3), this section responds to the question: How
does legal pluralism manifest within and across multiple geographic levels? It focuses on the areas of
incoherence and contradiction among the groundwater governance principles across geographic levels
and examines the role that processes, actor participation and politics of scale has on normative
architecture. My analysis reveals five key areas of incoherence and two key areas of contradiction with
regard to the appropriate content for the normative architecture of groundwater governance.

9.5.1

Incoherence and Contradictions in Principles across Geographic Levels

Incoherence in the Framework
The first two areas of incoherence concern the principles in the political dimension of groundwater
governance, namely the (1) inconsistent treatment of sovereignty across geographic levels and (2) the
lack of attention to CBDR. These inconsistencies also present a politics of scale issue.
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At the global level, the UN Watercourses Convention emphasizes territorial integrity rather than
territorial sovereignty (McCaffrey 1987); the Draft Articles on Transboundary Aquifers explicitly
include limited territorial sovereignty but also mention territorial integrity (Eckstein 2007), whereas the
remaining agreements include limited territorial sovereignty. At the transboundary level, there is also a
strong explicit preference for sovereignty in the Americas but not in other regions. At the national level,
only a quarter of countries explicitly include sovereignty. But, European countries show the strongest
preference for sovereignty in their national frameworks (42%), African countries have a very weak
preference (17%) and the remaining regions’ countries moderate preference.
Looking across levels, there are two instances which bring up multi-level issues. The Guaraní Aquifer
Agreement was closely modeled after the 2008 ILC Draft Articles, but does not explicitly mention
sovereignty; thus, mirroring a territorial integrity approach of the UN Watercourses Convention. BUT,
like the Draft Articles, it is still stalled and awaiting ratification from Brazil. This scenario presents a
clear counter example to the concerns of legal scholars about the sovereignty principle, yet leaves
unanswered questions regarding why these agreements cannot move forward. Further, while the EU
WFD does not explicitly include sovereignty, it includes both domestic and transboundary groundwater
bodies in its scope. However, a significant percentage of European countries emphasize sovereignty
within their own water laws and policies. Thus, it begs the question of whether efforts to deemphasize
sovereignty at the EU level actually result in countries seeking to re-emphasize it in their own
legislation.
Also noteworthy is the absence of the CBDR principle. It is only included in the 1992 UN Rio
Declaration and the UN FCCC framework at the global level and the Tanzanian framework at the
national level. It is absent from the regional-transboundary level. CBDR is relevant both within and
between states and can be particularly important for groundwater where, even within the same aquifer,
there can be significant differences in the availability and accessibility of the groundwater as well as
potential for contamination (see hydro-hegemony literature generally, e.g. Zeitoun and Allan 2008). The
political and economic differences between state and non-state actors requires a differentiation of
responsibilities in governing a common resource. Social equity issues may arise if there is a common
commitment to provide access to groundwater differentiated responsibilities and capabilities between
and/or within states to achieve this objective. As such, this principle deserves more attention in
groundwater governance frameworks.
The third area of incoherence is with respect to the groundwater-specific principles, namely conjunctive
use; establishing protected areas for groundwater, and protection of recharge and discharge areas.
Protected areas for groundwater are included in nearly 50% of frameworks, mostly at the regionaltransboundary and national level. Most frameworks do not protect areas explicitly for groundwater but
rather water in general. As such, there is a chance that, in practice, protected areas are not designated
based on the location of vulnerable groundwater zones but rather surface water, underscoring the need
for specific protection for recharge and discharge zone. However, both conjunctive use and protection
of recharge and discharge zones are included in less than 10% of frameworks overall. None of the
regional–transboundary frameworks include conjunctive use, while protected recharge and discharge
zones appear at least once at each level. This indicates that focused attention on groundwater is still
emerging both in terms of normative content and in practice.
The content analysis along the social dimension presents the fourth area of incoherence, namely
approaches to access and allocation of groundwater resources. The analysis revealed that there are two
distinct, but compatible approaches to groundwater allocation: (1) a rights-based approach combined
with priority of use to guarantee minimum access and (2) an equity-based approach to address broader
allocation issues. Notwithstanding the fact that rights and equity are not mutually exclusive and even
perhaps inextricably linked, actors tended to pursue one or the other approaches.

208

CHAPTER 9

At the global level, the 1997 UN Watercourses Convention and 2008 ILC Draft Articles require states to
equitably and reasonably distribute (ground)water resources in accordance with socio-economic and
climatic factors. Agreements directly related to water also include, to a more limited extent,
intergenerational equity and priority of use. However, only three of the water-specific laws and policies
at the global level include the human right to water (McIntyre 2012; Obani and Gupta 2014). At the
regional-transboundary level, equity approaches are emphasized with equitable and reasonable use,
included in 61% of frameworks, but priority of use is only included in 13% of frameworks and
intergenerational equity not at all. At the national level, equitable and reasonable use is present in 27%
of frameworks, priority of use in 47%, and intergenerational equity in 10%, while the human right to
water and sanitation is in less than 10% of the documents. Therefore, indirectly actors seem to prefer
equity-based distributive approaches over CBDR access approaches. Having said that, it is also argued
that the human right to water and sanitation has become customary international law and thus needs to
be implemented irrespective of what is in the existing legal documents.
The fifth area of incoherence is in actors’ approaches to economic aspects of groundwater governance.
Maintaining an open international economic system is almost completely absent from all frameworks, at
all levels. Yet, as discussed previously, an open international system is the de facto state of the global
economy (Vörösmarty et al. 2015). Given the absence of a counteracting principle, actors have either
(1) chosen to accept this de facto state and do not feel compelled to further emphasize it in their
groundwater governance frameworks, or (2) purposefully exclude the principle from their frameworks
in order to emphasize the political, environmental and social dimension. Based on the content analysis,
the former is a more likely scenario since 52% of frameworks explicitly designate water as an economic
good, particularly those in the Americas and Europe. This implies that actors have accepted the de facto
state of the global economy and are caught between the need to use water in all sectors to enhance
national ‘growth’ while minimizing the need for implementing environmental or social principles to
ensure sustainable and equitable use of the resource. They are seeking to place an economic value on
groundwater in order to incentivize or discourage its use through economic means.

Contradictions in the Framework
The inferences from Chapter 4 indicate that there are ongoing debates regarding the principles that
potentially conflict or undermine each other, without clear guidance to actors regarding how to reconcile
them. The first contradiction in the content of the groundwater governance framework is the one
between equitable and reasonable use and sovereignty. According to some water (law) scholars one is
potentially achieved at the cost of the other (see Box 4.1). This would imply that actors typically choose
between equitable and reasonable use and sovereignty. At the global level, the pattern analysis shows
that five of the six legally-binding texts include both the principle of equitable and reasonable use and
sovereignty. The UN Watercourses Convention is the only legally-binding text that includes equitable
and reasonable use, but not sovereignty in an effort to explicitly emphasize territorial integrity.
In the regional-transboundary frameworks, equitable and reasonable use is included by twice the
number of frameworks as sovereignty, with African and European frameworks emphasizing equitable
and reasonable use over sovereignty and American frameworks doing the reverse, except in the case of
the Guaraní which includes both principles. Similarly, in Asia, the Mekong agreement includes both
principles. As such, there is little agreement regarding these principles across and within the regionaltransboundary frameworks.
At the national level, there are significantly more countries claiming ownership/custodianship of
groundwater and/or establishing licensing/permitting regimes than requiring equitable and reasonable
use and/or establishing a priority of use. This contrast indicates that countries want to ensure
governmental control over (ground)water resources, without necessarily having guidelines and priorities
for allocation. Thus, the analysis shows that this theoretical tension between equitable allocation and

209

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT

sovereignty has not been resolved empirically as actors either include both principles simultaneously
without providing guidance for reconciling them or choose a preferred approach and operate within it.
The second contradiction lies between the emerging principles of water as an economic good and water
as a human right although neither has been adopted in legally binding direct water related laws. At the
global level and particularly after 1992, states and scholars place slightly more emphasis on the human
right to water and sanitation than establishing water as an economic good. This was perhaps an active
effort to counter the prevailing neo-liberal context and push for commodification of water resources.
Yet these principles are only included in one-quarter of texts. At the transboundary level, water as an
economic good is included in twelve frameworks (mostly in Europe), whereas the human right to water
and sanitation is absent. Similarly, at the national level, 82 countries treat water as an economic good
and only ten included in as a human right (excluding in court judgements), which has serious
implications for social equity and inclusive development. However, as mentioned above, water as a
human right is fast becoming a customary right and water as an economic good seems to be embedded
in the de facto economy. Together, these findings show a high level of incoherence regarding actors
approaches to water services provision because they typically choose either neo-liberal or human rightsbased approaches to allocation, with most actors preferring the former.

9.5.2

Process, Participation, and Politics of Scale

The status of groundwater governance instruments ranges widely, as was shown in previous chapters.
The ratifications and participation of countries in these governance instruments are show in Annex D.
All groundwater-related laws, policies and programs analyzed in this research are considered as having a
bearing on governance regardless of whether they have legally-binding status (see 1.4.2). Thus, I will
use the concept of politics of scale to discuss three key relationships: (1) how definitions of groundwater
resources relate to actor participation (2) discontinuities in the geographic level of framework design
and framework implementation and (3) how processes and actors affect the frameworks’ normative
content. First, the analysis shows a loose relationship between these definitional issues and country
participation. Groundwater-specific instruments are rare and generally not legally binding, except at the
national level. They also have very limited geographic coverage and include a limited range of
principles, typically focusing on monitoring and notification. At the global level, there is no legallybinding, groundwater-specific text. The 2008 ILC Draft Articles is currently being evaluated by the
UNGA, but focuses on issues related to sharing transboundary groundwater aquifers rather than having
a holistic, sustainability focus (McIntyre 2013; Rieu-Clarke 2000; Wouters et al. 2005). This is reflected
at the regional-transboundary level, where most frameworks are functional – focused on pollution
prevention and control or data gathering and information sharing. Further, almost half of the
frameworks do not contain any texts with binding character, implying that countries are hesitant to deal
with groundwater-specific issues in a formal way.
Frameworks dealing with water more broadly have a more developed legal status and broader
geographic and issue coverage. As discussed above, the extent to which groundwater is included in the
scopes of these broad frameworks varies greatly because of definitional issues. The speed at which
(ground)water-specific instruments at the global level are adopted by countries is comparatively slower
than that of other types of environmental instruments (Eckstein and Sindico 2014; S. M. A. Salman
2007). The UN Watercourses Convention took 30 years to enter into force and although the UNECE
Water Convention was open globally in 2013, no countries outside Europe have acceded to it. This
implies that countries may have both substantive and procedural concerns with the content of a global
water agreement and prefer to deal with water-sharing issues bilaterally, multilaterally, or regionally. At
the national level, most countries address groundwater resources together with surface water resources,
apparently giving groundwater governance instruments very wide geographic coverage. However, the
content analysis shows that only a very small proportion of national laws explicitly consider
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groundwater-specific issues (see Table 9.2). This implies that water-specific instruments may give a
false impression regarding the state of groundwater governance. Groundwater is typically included in
their scope in some form or another, but the geographic and issue coverage of groundwater related
issues remains superficial and perfunctory.
Environmental laws and policies have by far the broadest geographic and issue coverage at all levels.
Further many environmental agreements have legally binding status and even operational bodies that
support implementation and compliance (Breitmeier et al. 2011; Vogler 2003). However, the advantages
of their more advanced legal status may be countered by the potential for groundwater challenges to
become secondary or tertiary to those that have caught the attention of particular states or the
international community. This implies, that making groundwater more prominent in environmental
instruments that already have significant momentum and support could be a critical point of leverage for
advancing groundwater governance. However, this would require elevating the political will for
groundwater governance at all geographic levels as well as better supporting scientific efforts to
collection of groundwater data.
Second, there are discontinuities between the geographic level at which the laws and policies are
designed and the level at which they are applicable. At the global level, one might have expected that
the global-level issues affecting groundwater governance would be addressed. However, the existing inforce global water governance texts directly govern the relationships and actions of countries sharing
transboundary groundwater resources, thus operating at the transboundary resource level.
Governance at the global resource level occurs via the environmental laws and policies focused on
climate change, biodiversity, wetlands, and desertification wherein the texts identify and address the
nature of the global-level problems and then create a unified process through which implementation can
be financed and down-scaled. The fact that the UN Watercourses Convention does not adopt this
approach indicates that the discourse and argumentation of (ground)water being a local resource (see
1.2.3) had sufficient support for the agreements to focus on transboundary resources. Yet, the same
arguments could have easily been presented for biodiversity, wetlands and the effects of desertification.
The UNECE Water Convention has a process-oriented approach although it faces the challenges of
legitimacy (as an originally regional convention) and of overlap with the UNWC.
At the regional-transboundary level, the existing cases of governance show that over time, the design of
groundwater governance frameworks has been increasingly delegated down to lower geographic levels.
Regional agenda setting for environmental resources in Africa, Asia, Europe, and Latin America in the
1980’s and early 1990’s led to the creation of regional framework agreements or programs of action that
influenced the design of location-specific frameworks such as the Mekong Agreement. In other cases,
such as those of the Abbotsford-Sumas, Bolsón del Jueco-Valle de Juaréz, and Genevese aquifers,
transboundary groundwater issues are small and localized. Thus, in the first two cases, engendering
action at country level was challenging and initial activities occurred at the subnational levels. In the
case of the Genevese, the agreement originally signed by the countries was later scaled down to local
authorities in keeping with subsidiarity and to facilitate adaptiveness.
Third, the analysis shows that political dynamics drive perceptions of legitimacy and norm dispersion.
The political status of actors and hard and soft power can affect the design and implementation of
governance frameworks (e.g. Mountain, Genevese, and Bolsón del Hueco -Valle de Juárez aquifers).
Additionally, shifts in political geography can convert national aquifers into transboundary aquifers (e.g.
aquifers of the Sava and parts of the Danube river basins) through the creation or dissolution of states
and possibly cause norm dispersion (e.g. the spread of IWRM from Europe to Africa through postcolonial development and capacity-building programs). Further, the creation of supranational
organizations such as the EU and regional organizations such as SADC can determine the units that will
be used to govern groundwater resources (i.e. from aquifer to groundwater body) and the principles that
will be included in the subsidiary frameworks (i.e. national water laws and river basin agreements).
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At the national level, all arrangements put forth at the other geographic levels will inevitably be ratified,
integrated and implemented. As such, the challenges of reconciling national laws with international
obligations under international treaties; of reconciling national laws with emerging discourses on human
rights and sustainable development; and of dealing with the globalization of products and data manifest
most concretely at the national level. Challenges regarding reconciling national laws with international
obligations can be observed through the lack of ratification of laws for transboundary aquifers (see
6.2.2); or the fact that less than 1% of countries include the principle of CBDR. Further, content analysis
of national laws showed that only 16% explicitly state that they will uphold and take into consideration
their obligations under multilateral and bilateral (ground)water agreements.

9.6

IMPLICATIONS FOR SUSTAINABLE AND INCLUSIVE DEVELOPMENT

I now address the question, How does the current design of the normative architecture contribute to
sustainable and inclusive development at multiple geographic levels? I use a multi-level analysis to
assess whether the frameworks have sufficiently balanced principles across the dimensions of
sustainable development, if the principles respond to the drivers and whether, in combination, the
frameworks can contribute to sustainable development.

Sustainable Development
This thesis defined sustainable development as ‘development that aims to meet the needs of present
generations without compromising on the ability of future generations to meet their own needs’ (WCED
1987:43) and analyzed it across four dimensions: political, environmental, social, and economic. Taken
together, the groundwater governance frameworks show that a combination of political priorities and
dynamics and global water policy and development discourses influence the distribution of principles.
Global and regional-transboundary laws, policies, and programs predominantly emphasize political
principles that address relationships and interactions between countries and broader environmental
protections but give less emphasis to groundwater-specific challenges or social equity. Neither level
places a strong emphasis on the economic principles beyond the polluter pays principle. At the national
level, countries focus on environmental and social principles, nevertheless placing a slightly greater
emphasis on the environmental principles.
Although, political principles such as the exchange of information, dispute resolution and sovereignty
are relatively frequent and have been increasingly included over time, the lack of attention to CBDR has
strong implications for the frameworks’ ability to address drivers and to be inclusive at all levels. At the
global level, actors should distinguish between net groundwater importers or exporters as well as net
GHG emitters, net carbon-sequesters, and countries not significantly contributing to either but
nevertheless experiencing the detrimental effects of climate change. At the transboundary and national
levels, actors would ideally understand the recharge and discharge dynamics of their groundwater
resources and distribute responsibilities for groundwater protection and allocation accordingly.
The analysis showed that at all geographic levels, environmental principles were included more
frequently as compared to the overall distribution of groundwater governance principles. Thus, the
relatively strong inclusion of environmental principles across the frameworks indicates that this is a key
area where sustainable development is supported. However, there are three caveats. The first is
regarding the lack of inclusion of groundwater-specific principles, which occurred across all geographic
levels. The second is that, in general, the governance frameworks have not addressed potential trade-offs
between the environmental principles; for example, the distribution of best available groundwater
exploration technologies resulting in rapid and inequitable depletion of non-recharging aquifers. Third,
the environmental principles do not address the potential effects of climate change and other
natural/geogenic drivers of groundwater problems. In locations vulnerable to drought and natural
pollution – both of which are predicted to increase with climate change – this could present a serious
challenge to sustainability.
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Examining the inclusion of social principles across geographic levels indicates that actors take very
different approaches to the social aspects of sustainable development, both within and across levels.
Across levels, social principles are included to a lesser degree than how they are represented in the
overall distribution of principles. At the global level, social principles were not strongly present but their
inclusion is increasing over time. At the regional-transboundary level, they were hardly included,
especially not the rights-based allocation principles (i.e. HRWS and rights of marginalized groups). At
the national level, they were the second most common type of principle in the frameworks. Although
actors indicated that public engagement was a priority, they show very different preferences in terms of
rights based approaches and inter- and intra-generation equity. The Stampriet case study is a particularly
clear example of this, wherein all actors framed challenges along the social dimension as a key area of
concern. The actors prefer rights-based allocation approaches, but there are significant challenges to
implementation. Further, the underlying issue of equity in groundwater allocation between states and the
potential for long-term depletion could potentially undermine these aspirations. Thus, the analysis
indicates clear weaknesses in the social dimension with potentially negative implications for hard
sustainability.
The economic dimension is the dimension with which the actors were the least engaged; although,
inclusion of economic principles did increase as the geographic level decreased. This suggests that as
actors govern closer to the ground, they are more likely to explicitly accept and operate within a neoliberal context by accepting water as an economic good and/or use economic incentives/disincentives to
alter stakeholder behavior (i.e. the polluter pays principle or impose fines for over-abstraction) but they
may interpret these principles in a weak manner if the overarching goal is to increase short term
economic growth. At present, the principles do not explicitly address the economic drivers of
groundwater problems. This indicates a critical weakness in the framework that would prevent
groundwater governance from contributing to hard sustainability.

Inclusive Development
In focusing on the sub-dimension of inclusive development (i.e. social, relational and environmental
inclusiveness), additional strengths and shortcomings of the framework come to light. The potential for
the frameworks to contribute to relational inclusiveness decreases with geographic level. At the global
level, actors significantly include the principles addressing interstate interaction and intra-state
interaction with the public. At the regional transboundary level, frameworks range widely in the extent
to which they include the political and social principles addressing inter and intra state interaction.
While at the national level, states focus on interactions with the public, they neglect other issues related
to relational inclusiveness such as notification and prior informed consent. The Stampriet framework
was a clear empirical example of these findings as notification, prior informed consent and EIA (where
social impacts would need to be assessed) were hardly included, while there is more attention in the
frameworks to the principles of public access to information and public participation.
To a limited extent, the existing principles could contribute to social inclusiveness by using public
education and awareness and capacity building to re-focus from wealth creation to human and natural
capital and population. However, these principles receive very little attention in the governance
framework (included in less than 15% of the documents). Further, the demographic drivers that may
address groundwater governance are not countered by the existing principles. In the Stampriet, social
inclusiveness is weakly supported by the framework and possibly undermined by the tension between
cost recovery and the human right to water. Additionally, several interviewees indicated that it was an
area requiring increased support.
While environmental principles are one of the strengths of the existing framework, environmental
inclusiveness has limited potential because of the lack of groundwater-specific principles that would
protect ecosystems services as well as unreconciled issues around intergenerational equity (e.g. use of
non- recharging aquifers) and economic growth. This is particularly true at the global and regional213

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT

transboundary level. At the national level, environmental inclusiveness has moderate potential to focus
on issues of pollution prevention, monitoring, and establishing protected areas for groundwater.
However, the absence of conjunctive use and the protection of recharge and discharge zones as well as
intergenerational equity limits prospects along this sub-dimension.
Overall, the analysis shows that the principles necessary to address many of the key drivers of
groundwater problems, besides pumping and abstraction, are either incoherent or absent. Further, the
degree to which these principles are included in various frameworks and their geographic distribution
indicates that the framework in place at a given location is unlikely to be sufficiently robust or contextspecific to address all the present drivers. The analysis indicates that actors, especially at the national
level, select principles primarily based on political and economic circumstances rather than
environmental factors resulting in a mismatch between the key drivers of groundwater problems and the
selection and creation of principles. There are also unreconciled contradictions in the principles related
to equitable allocation and sovereignty as well as water as a human right and water as an economic good
– implying that countries see trade-offs between the two. Therefore, it is difficult to foresee that
implementation of the existing frameworks alone could contribute to sustainable or inclusive
development.
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Chapter 10. Towards a Normative Architecture for Groundwater
Governance
10.1 INTRODUCTION
Building on the conclusions in Chapter 9, this section elaborates on the key elements of a normative
architecture for sustainable groundwater governance. Each section will begin by briefly highlighting the
shortcomings of the existing architecture, particularly with respect to the conceptual framework and the
debates in the literature as relevant. Then it will discuss how these aspects of the framework can be
strengthened.

10.2 BUILDING A SOLID FOUNDATION: DEFINITIONS, SCOPE, DATA AND OWNERSHIP
Institutions are the first element of the conceptual framework. Strong institutions are built on strong
foundations. Unfortunately, my analysis shows that the basic elements necessary for groundwater
governance, particularly according to the legal literature, are not robustly present or that actors include
them in the frameworks differently. I consider the foundational elements for groundwater governance as
an institution to be (1) how groundwater is defined in the scope of groundwater frameworks, (2) how
groundwater data and hydrogeology inform these definitions and the selection of principles, and (3) how
groundwater ownership is addressed in the frameworks.

10.2.1 Defining Groundwater in Governance Frameworks
There are two definitional shortcomings in the existing framework (see 5.3.1, 6.3.1, and 7.3). First,
actors operating across geographic levels do not agree on which groundwater units should be included
in groundwater governance frameworks: at the global level, hydrogeology has not been taken into
consideration in all governance texts; at the regional-transboundary level, new groundwater units are
introduced (e.g. groundwater bodies) and groundwater is often grouped with river basins even if not
hydrologically connected; at the national level, frameworks rarely incorporate hydrogeological
knowledge but rather apply all the principles equally to surface and groundwater regardless of
differences between the resources; and in the Stampriet, all countries focus on the river basin scale
whilst large areas of all three countries do not have surface water. Having these plural definitions is
problematic if trying to solve groundwater governance problems through a legal lens because it
fragments the foundation of the system.
Second, the frameworks focus on groundwaters’ storage characteristics for the purposes of allocation
and prevention of anthropogenic pollution, but do not give much attention to the effects of land use
strategies, climate change, groundwater flow and pressure dynamics or geogenic quality – all of which
may have consequences for ecosystems services (see 3.5). When the intrinsic physical characteristics of
groundwater are not accounted for in a governance framework, this can introduce challenges with
regard to the identification of drivers, ecosystems services, and selection of counter-balancing
principles.
Based on these findings, I argue that the normative architecture for groundwater governance needs to
operate according to a standardized and guiding definition of groundwater resources.
Standardization can be achieved through an ISO standard (for instance, as is done for the term
‘soundscapes’) or through global guidelines (such as the UN WHO water quality guidelines). Countries
or groups of countries may further refine this framework definition for their particular context. I argue
that the definition should include, at a minimum, the following elements:
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(1) An explicit identification of the type of groundwater unit being governed - noting that both
literature and empirical analysis indicate that using aquifers is becoming best practice and that
the term aquifer also needs an agreed upon definition in the context of groundwater governance;
(2) Acknowledgement that the selected groundwater unit has specific hydrogeological characteristics
including storage volume, flow directions and patterns, ability or inability to recharge, pressure
dynamics, and inherent geogenic quality that need to be taken into consideration in the
implementation of the framework;
(3) Acknowledgement that the groundwater unit has specific ecosystems services that should be
maintained or bolstered;
(4) Acknowledgment of the relationship between the groundwater units and related water and land
resources and the impacts of climate change; and
(5) Acknowledgment of the relationship between the groundwater and administrative boundaries.

10.2.2 Groundwater Data Dilemma and Governing Under Uncertainty
Although the lack of data is not an inherent shortcoming of the normative architecture for groundwater
governance (and will always be a challenge for governance in all fields), a common concern among
actors in groundwater governance is a lack of groundwater data – mainly due to a lack of monitoring
infrastructure. My analysis also shows that there is a lack of coherence in the data gathering principles
that are currently included in groundwater governance frameworks. This shows that lack of groundwater
data stems from both a governance challenge and a technical challenge. “You can’t manage what you
don’t measure” is a common idiom in the groundwater epistemic community. While this can be viewed
as a call to action, in fact, it implicitly suggests that actors should not begin to govern groundwater until
they have sufficient data to fully understand the resource. However, this does not lead to a practical way
forward in the case of groundwater governance. The reality is that the global community might be
decades and billions of dollars away from having a comprehensive understanding of the world’s
groundwater resources. As was clearly demonstrated by the Stampriet case, even a rather large quantity
of data can be insufficient to fully characterize a groundwater resource. Nevertheless, scientists are
moving into new frontiers, even discussing the possibility of exploring off shore aquifers. Yet the
current normative framework is poorly suited for the challenges faced on land. Thus, the precautionary
principle needs to be translated into precautionary action that governs for uncertainty. Further,
governing under uncertainty should be centered around existing and functioning land, water and mineral
resources governance tools that can be bolstered to the benefit of groundwater, even without detailed
hydrogeological knowledge. This is a critical component of adaptive governance (Huitema et al. 2009;
Hurlbert and Gupta 2016; Pahl-Wostl et al. 2010) and building adaptive capacity.
In order to ensure that the normative framework for groundwater governance is complete and
sufficiently addresses different aspects of inclusive development, this research indicates that we may
need to re-open the perspective through which we view groundwater resources. The politics of science
has clearly influenced how groundwater resources are defined spatially. Additionally, lack of
communication between groundwater scientists and policymakers has resulted in the norms relevant to
groundwater governance largely reflecting those applied to surface water. Groundwater-specific
characteristics are not always taken into account. In many cases, groundwater is approached as though it
is a ‘bath tub,’ a tub of water with both taps open - steadily refilling and draining. However, there many
tools available to both hydrogeologists and policymakers that can provide insights into the basic
characteristics of groundwater resources. General flow patterns, directions, and depth to water tables
can be estimated by hydrogeological models and maps, which are available for most locations in the
world; otherwise topographical maps can be used as an estimation. There are also maps widely available
indicating the potential for naturally occurring contamination and prospects for geothermal energy.
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Technologies such as mapping and remote sensing are advancing rapidly for the analysis of
groundwater depletion (e.g. NASA Grace). Modeling can combine and optimize this data in order to
provide estimates about the state of groundwater resources and its vulnerabilities (e.g. Famiglietti 2014;
Famiglietti et al. 2011; Rodell et al. 2009). By stepping beyond the aquifer concept and taking
advantage of data (both in-situ and modeled) that is available, uncertainties in groundwater governance
frameworks can be reduced, even without the necessary political will and financing for drilling
monitoring wells and establishing robust groundwater monitoring networks.
The widespread lack of groundwater data has two key implications for the normative architecture. First,
each framework should as far as possible incorporate and take into account the hydrogeological
knowledge available. For example, the precise location of a groundwater recharge area may not be
delineated, but hydrogeological maps give a general indication. In such cases, larger protected areas can
be created (and perhaps linked to other environmental resources) until a more precise area is identified.
Second, however in the absence of comprehensive and conclusive data regarding the state of the
groundwater resources, a governance framework should be designed, first and foremost, to cope with
uncertainty and encourage precautionary action. Knowledge construction and management is also
critical to integrating knowledge from indigenous and rural communities into technical understandings
(Baud et al. 2014; Bruckmeier and Tovey 2008). Further, groundwater governance should include
procedural and financing mechanisms to increase data availability, access, exchange and assessment and
to accommodate changes in hydrogeological knowledge through an scientifically informed
implementation process. Third, this process should take into consideration the veil of ignorance.
Namely, it should accept that there is insufficient knowledge and focus on a fair normative framework
considering intra- and inter- generational needs as well as the ecosystem. Unfortunately, in many places,
the status quo situation is simply to not allocate or regulate uses at all. Thus, I contend that the issues of
financing, procedural bodies, and precautionary allocation and protection are cornerstones of a
normative groundwater governance framework. I argue that the following elements should be included
to govern groundwater under uncertainty:
(1) Exchanging, consolidating and assessing all available information related to groundwater
resources including changes in groundwater-dependent ecosystems, flow patterns, and
local/indigenous knowledge;
(2) Integrate tenants of adaptive governance at all geographic levels, focusing on community-level
resilience and support;
(3) Put in place procedures and financing mechanisms for increased groundwater data acquisition
and improved access to data;
(4) Use the ‘veil of ignorance’ to adopt equitable means of allocation and protection considering
intra- and inter- generational equity and ecosystems needs.

10.2.3 Groundwater Ownership
Both groundwater governance literature and the groundwater governance frameworks analyzed give
significant attention to allocation and distribution of groundwater resources. But, few explicitly discuss
the issue of groundwater ownership. This is a highly contentious issue that warrants its own body of
research. Nevertheless, I will address it briefly here.
There has been significant discussion among countries regarding ‘ownership’ of groundwater in
transboundary aquifers. So much so that the term ‘shared’ groundwater resources is considered
controversial in some circles. This is in part, because of groundwater flow dynamics wherein
groundwater may recharge primarily in one country and primarily be stored in another (i.e. the
Mountain (Western) Aquifer). Also at the national level, many (ground)water laws explicitly establish
the state as the custodian/steward of water resources. Yet, the remaining countries do not explicitly
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delineate their ownership regime in their groundwater law. Further, there are some countries where
groundwater below a certain depth is considered a mineral resource under their mining law. And other
countries still, where groundwater ownership is based on land ownership (e.g. several states in the US
and India) and these are not subject to the formal water laws in many cases. These disparate treatments
of groundwater ownership are critical shortcomings of the groundwater governance frameworks. Legal
literature indicates, that at the very least, water and land rights should be separated and that concerns
regarding the constitutionality of dispossession and claims for compensation when these rights are
separated are typically rejected (Burchi 1999; Burchi and Nanni 2003). I also contend that groundwater
laws and policies should explicitly state how groundwater custodianship is structured. However, further
study is necessary to present more specific and robust guidance. I argue that the groundwater
governance architecture should addressed these issues with regard to groundwater ownership:
(1) Establish the state, or a group of states in the case of transboundary aquifers, as the custodian of
groundwater resources;
(2) Separate land and water rights, if feasible when costs of expropriation are considered; and
(3) Consider the relationship between the surface and groundwater ownership regimes and bring
them into alignment, in so far as is feasible.

10.3 SELECTING PILLARS: MATCHING PRINCIPLES AND DRIVERS
Once a clear foundation is designed, the normative architecture needs to establish the key pillars upon
which it will be built, namely the principles. These principles are the core supportive structures that
determine the overall shape and purpose of the groundwater governance framework. The selection of
principles should meet two broad criteria. First, they should address all the relevant drivers of
groundwater problems to ensure sustainability or, in the case of non-recharging aquifers, equitably
planned depletion. This would ensure that they are contextually relevant. Second, they should provide a
clear framework for allocating groundwater resources to all relevant stakeholders through a combination
of rights-based, focused on HRWS and marginalized groups, and equity-based approaches, focused on
allocation to all stakeholders, and commensurate with the established ownership structure. But as
demonstrated in the STAS case, without an equitable land tenure structure, a properly designed water
ownership regime may be undermined; hence the redesign recommendations 10.2.3.

10.3.1 Addressing the Drivers of Groundwater Problems
My analysis reveals that a key shortcoming of the existing frameworks is that they only address a few of
the drivers of groundwater problems at various geographic levels. The existing principles in the
framework have the potential to cope with a wide range of challenges that groundwater governance is
facing. Yet the legal pluralism analysis indicates that these norms are often excluded from the
framework or placed together in a disjointed way that would not sufficiently cope with key drivers.
These include dealing with the trade of groundwater intensive products (and the potential consequences
for marginalized groups); climate change; demographic shifts; consideration of non-groundwater
policies; geogenic contamination; impacts of invasive species; as well as the development of
groundwater technologies and their potential impacts on communities. How each of these drivers can be
more thoroughly addressed is discussed briefly below.
Globalization and trade: Based on common responses applied in other resource trade regimes,
groundwater governance responses could include integrating the actual cost/value of groundwater in
product prices or export taxes or creating product certification schemes that promote water efficiency
and good land management. But costing this resource correctly is data intensive and costly, and thus,
may not be the most efficacious first step towards countering this driver in certain contexts. In others, it
may be the optimal next step in the governance framework.
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Climate Change: Governance responses to climate change should require or incentivize ‘climate
proofing’ groundwater resources (Cooley and Gleick 2011; Tarlock 2004). Such climate-proofing
entails (1) protecting vulnerable areas in order to maintain or enhance groundwater recharge capacities,
(2) supporting technologies such as managed aquifer recharge, (3) public engagement around climate
change and groundwater that promotes resilience at the community level, and (4) creating special
considerations for groundwater resources that are the source of large-scale water transfer schemes. At
the same time, the major impacts on water must call for reducing greenhouse gas emissions world-wide.
Demographic Shifts: There is increasing urbanization throughout the world, but cities are not
necessarily located in areas with abundant water supply. Therefore, governance responses should
incentivize people to locate to areas with greater water availability. Development programs targeted in
more temperate areas is another response option. If groundwater transfers are required to sustain
growing cities, the equity concerns of the population where the groundwater originates need to be
evaluated and taken into account. At the same time, groundwater governance may need to adapt to the
needs of growing populations by calling for strong conservation strategies.
Non-groundwater policies: In order to address the effects of non-groundwater policies on groundwater
resources, education for policymakers and mechanisms for inter-ministerial natural resources
management are requisite responses. Further, agriculture policy should ensure that crop production is
consistent with sustainable water availability to ensure long-term food security. Energy should be
evaluated as a potential mechanism to control pumping rather than allowing it to grant unfettered access
to groundwater (e.g. India). Also, renewable energy policy should address the potential consequences of
geothermal energy use. Tourism facilities should be carefully licensed and groundwater monitoring and
metering should be required. Co-implementation of land management and grazing practices with
agriculture and forestry as well as incentives and education for water efficiency should be considered.
These would to some extent address drivers related to migration and spread of invasive groundwaterdependent flora and fauna, as was found in the STAS case.
Geogenic contamination: Geogenic contamination constrains the viability of additional groundwater use
and must be a major consideration when designing a governance regime. Since the contamination is an
intrinsic characteristic of many aquifers, rather than an anthropocentric phenomenon, the governance
mechanisms must be shifted accordingly. Further, poorly regulated well construction, localized overabstraction, and a lack of monitoring can allow anthropogenic pollution to exacerbate geogenic
contamination. Thus, water and wastewater discharge regulation and implementation of water quality
standards are secondary and highly important in recharge areas.
Invasive Species: For relatively shallow unconfined groundwater resources, especially in semi-arid
areas, groundwater governance needs to respond to the threat of invasive species. Multiple approaches
may be necessary such as combining special land management and natural resource management
techniques. Nevertheless, the groundwater governance framework should contain specific provisions in
this regard.

10.3.2 Allocating Groundwater Resources
Given that approaches to allocating groundwater resources are a key area of contradiction in the existing
groundwater governance frameworks, it is also highlighted here as a shortcoming. The reasons
groundwater allocation has not been taken up more actively is likely attributable to a combination of
incongruent principles and approaches to allocation as well as a lack of data regarding groundwater
availability. For example, the analysis at the transboundary level shows that at the time most of the
governance frameworks were created, groundwater depletion was not a concern - either because
abstraction was in line with recharge or because the resources were so vast that even large abstractions
did not have noticeable effects. In other cases, there was insufficient data about the resource and/or
capacity to assess it, in order to design a detailed allocation regime.
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Based on these findings, I would envision a two-pronged approach to groundwater allocation. In the
first prong, rights-based approaches (HRWS and rights of marginalized groups) would be explicitly
included and perhaps even, what South Africa calls, a ‘social reserve’ would be integrated. The social
reserve would ensure that sufficient groundwater is set aside to meet the basic needs of the population
while the rights-based approaches would ensure minimum access to all persons, including indigenous
peoples. It may be necessary to couple this with provisions regarding geogenic contamination to ensure
a certain level of groundwater quality. Further, ensuring efficiency and maintenance of water services
infrastructure (especially in rural areas), creating capacity building programs and accountability
structures, such as benchmarking, for services providers could also be necessary.
Using the second prong of equity based approaches would situate the rights based approaches in the
broader context of stakeholders. A priority of uses should be established and integrated into the
licensing and permitting system. If, such a system is infeasible due to high cost, an emphasis should be
placed on community-based groundwater management arrangements. However, there must be a means
to coordinate with authorities at other governance levels for issues of access, allocation, public
participation, and conflict resolution. Additionally, evaluation and monitoring of water services
providers, limitations on maintenance response times, coordination with planning authorities for siting
well fields and waste water facilities, as well as mechanisms for providing alternative water resources
where the quantity or quality of groundwater is unreliable are potential responses. Financing for water
services provision, especially in areas with groundwater that is difficult to abstract, is absolutely
necessary. However, actors need to be diligent about how much of these costs are passed on to water
consumers from different categories of use. As such, general guidelines regarding water tariffs that
emphasize the needs and rights of the poorest of the poor can ensure that the normative framework
provides a clear inclusive platform for reconciling these issues.

10.4 ROOMS, HALLWAYS, STAIRS AND ELEVATORS: LEGAL PLURALISM AND

MULTILEVEL GOVERNANCE
The conceptual framework (see Table 2.1) facilitated the analysis of the state of groundwater
governance through the concepts of multi-level governance and legal pluralism. Within the metaphor of
normative architecture, I consider legal pluralism to be like rooms, where a single governance
architecture having multiple rooms would constitute a legal-plural architecture. Thus, each legal system
(or room) may serve a slightly different purpose or be designed in a slightly different way, but they are
all part of the same structure. Hallways would represent the connections between legal systems
operating at the same geographic level of governance. The stairs represent multilevel governance,
allowing actors to access and interact across different levels. Elevators represent the politics of scale,
wherein actors can easily move issues up and down to suit their interests. According to the conceptual
framework, the architecture for groundwater governance should be designed in such a way that it would
effectively address all the drivers of groundwater problems across all geographic levels. It further
acknowledges that this may be achieved through a combination of multiple governance frameworks
operating at different geographic levels. However, the analysis reveals that one key shortcoming of the
existing framework at present is the disjointed approach to groundwater governance within and across
geographic levels. These disjointed outcomes have partially resulted from the historical influences of
global environmental law and policy as well as epistemic communities that focus on water policy.
For example, the global environmental governance community’s increased attention to issues like
desertification moved forward groundwater governance in Lake Chad. The push for formation of
international River Basin Organizations; promotion of the IWRM discourse, particularly in sub-Saharan
Africa; and the call for increased cooperation and research on transboundary aquifers have moved
forward particular transboundary governance frameworks. In the cases of the Nubian Sandstone,
Guaraní, and Northwestern Sahara, and Iullemeden aquifers, this scaling down approach has resulted in
formal agreements. Yet, after initial cooperation states have stalled these issues as demonstrated through
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the lack of ratification and implementation. Hence, multi-level governance and the scaling up and down
of issues can have a paralyzing effect on groundwater governance, especially if countries believe they
lack the necessary data and capacity to fulfil their obligations. Further, this indicates that moving
groundwater governance forward through formal channels is particularly of interest to international
donor organizations, but may be less so to national actors where political will is lacking or other nonwater governance challenges take precedence.
A second key shortcoming is the incoherence and contradictions arising from legal pluralism and the
resulting potential for forum shopping. The STAS case represents an example of how this challenge can
work across multiple geographic levels. All three countries are considering whether and how to create a
joint framework for groundwater governance. There appear to be five options: (1) to do so under the
provisions of the UN Watercourses Convention; (2) join the UNECE Water Convention and form a joint
body; (3) form a sub-agreement under the SADC Revised Water Protocol; (4) form a joint technical
body under the Orange-Senqu River Basin Commission; (5) form a self-standing, groundwater-specific
governance framework. As discussed in Section 8.3.2, countries participate in the existing frameworks
to varying degrees and some frameworks involve additional actors that do not share the aquifer (e.g.
Lesotho in the Orange-Senqu River Basin). In essence, multi-level legal pluralism has produced the
enabling conditions for forum shopping as not all three countries have formally committed themselves
to the same principles and approaches to (ground)water governance. The STAS countries are currently
working together to develop a joint governance approach through the UNESCO/SDC GGRETA project;
however, the process is underlain by a complex mixture of each countries’ existing obligations; their
underlying interests; as well as a lack of conclusive groundwater resource characterization. This
situation is likely highly representative of the majority of the world’s 596 transboundary aquifers.
Despite these two shortcomings, I argue that a multi-level approach to groundwater governance is
necessary given the increasing glocalization and regionalization of groundwater resources due to
climate change, trade and even large scale groundwater transfers (e.g. Masheng transfers in Botswana,
Great Manmade River in Libya, and Disi Pipeline Project in Jordan). I also contend that it is not
necessary to have identical principles at all levels of governance but principles and approaches that
when applied lead to a coherent result in terms of the achieving the ultimate goals of a country or
context. In other words, legal pluralism can be healthy, except when there are major contradictions
which allow powerful actors to exploit these differences in their own favor. To this end, I argue that
legal pluralism in groundwater governance presents more opportunities than challenges. However,
pluralism needs to be used to allow countries to tailor their governance regimes to their particular needs
rather than to facilitate the cherry-picking of principles that do not give them substantial obligations to
sustainably and inclusively develop their groundwater resources. The analysis indicates that at the
national level, some countries are taking the lead in bringing their national law and policies into
alignment with the state-of-the-art of the global groundwater discourse (e.g. Zambia and Yemen) as
well as increasing attention to indigenous knowledge systems and how they can build knowledge
regarding groundwater resources and governance, particularly in rural and remote locations (e.g. in
Botswana; cf. Baud et al. 2014). Resources should be dedicated to further support bringing these
policies into practice. At the transboundary and global level, the attention that is currently diverted
towards theoretical issues around sovereignty can be redirected. Rather than asking countries to
explicitly limit their sovereignty, lawyers in particular, can help politicians see that sovereignty is
inextricably linked to the countries’ ability to provide their citizens with the basic resources they need
for their livelihoods; thus, drawing attention toward practical issues such as virtual groundwater trade,
climate change, and the human right to water, and away from theoretical legal debates. Capitalizing on
efforts to increase publicly available environmental data would halt some countries’ movement towards
making groundwater their last state secret. All of these steps can be achieved through legal plural
approaches wherein (1) existing groundwater laws and policies are linked and become supportive of
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each other and (2) non-groundwater laws and policies are bolstered with the intent of positively
affecting groundwater governance.
Furthermore, groundwater governance needs to be cognizant of the bigger global picture. For example,
it needs to take the effects of climate change into consideration both in the UNGA and in the design of
new boreholes for water supply.
Finally, it is inevitable that in a democratic world which allows for participation, there will be
fragmented water law. Such fragmentation may be necessary to take into account contextual differences
in groundwater hydrogeology, perceptions and actions. But this fragmentation should take place within
a groundwater constitutional framework of principles (cf. Gupta and Sanchez 2012). Hence, this thesis
proposes the following principles for groundwater governance as forming a constitutional framework
for all countries.
Table 10.1 Principles for a groundwater governance constitutional framework
PRINCIPLES TO BE INCLUDED PRIMA FACIE IN REDESIGN
POLITICAL
Notification of emergency situations
Notification of planned measures
Common but differentiated responsibilities and respective capabilities
Obligation to cooperate
Peaceful resolution of disputes
Sovereignty (Limited)
Exchange of information
Human right to sanitation
ENVIRONMENTAL
Aquifer/basin as unit of management
Conjunctive use and management
Environmental Impact Assessment
Pollution prevention
Protection and preservation of ecosystems
Protection of recharge and discharge zones
Subsidiarity
SOCIAL
Capacity building
Equitable and reasonable use
Human right to water
Intergenerational equity
Poverty eradication
Prior informed consent
Priority of use
Public access to information
Public education and awareness
Public participation
Responsibilities towards women, youth and indigenous peoples
ECONOMIC
Polluter pays
PRINCIPLES NEEDING MODIFICATION IN REDESIGN
ENVIRONMENTAL
Best available technology/technique, considering increased potential for over-exploitation and inequitable access
Invasive species, specifically addressing groundwater dependent specific and ecosystems
Monitoring, including procedural and financing mechanisms
Open international economic system, subject to integrating the full social and environmental costs of groundwater
use for products and services
Precautionary principle, requiring precautionary action that governs for uncertainty and builds adaptive capacity
Protected areas for groundwater, explicitly considering groundwater resources in the delineation of the area
Water as a finite resource, considering adaptation to/ limitations during natural changes in groundwater quantity
ECONOMIC
Water as an economic good, subject to inclusive development criteria
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NEWLY EMERGING PRINCIPLES
POLITICAL
Clear definition of groundwater resources in the scope of agreements
Groundwater custodianship with the state
Separation of land and water rights
ENVIRONMENTAL
Climate proofing groundwater management
Conservation and efficient use of groundwater resources
Inter-ministerial coordination regarding groundwater use and protection
Land management and agricultural efficiency to prevent over pumping and over grazing
Land use planning considering groundwater characteristics and uses
Managed aquifer recharge guidelines
Precautions regarding energy use (geothermal and fracking)
Preventing mobilization of geogenic contamination
Regulation of groundwater transfers taking into account social and environmental concerns
Remediation for users of groundwater with geogenic contamination
SOCIAL
Integrating indigenous knowledge management systems
ECONOMIC
Incentives to live in water-secure areas

10.5 WINDOWS INTO OTHER FIELDS: LOOKING BEYOND THE AQUIFER
The selection of groundwater governance frameworks and the analysis of the drivers reveals that a key
shortcoming is the weak linkage between groundwater governance frameworks and the governance of
other closely-related issues (e.g. land use and urban planning, agriculture, mining and minerals
extraction). As such, I contend that the normative architecture for groundwater governance should
include windows through which groundwater-related issues in other fields can be addressed. In the
analysis, non-groundwater policies were considered drivers. But here, I propose to also consider them
structural components of the architecture that supports groundwater governance, especially when
governing for uncertainty.
My research indicates that water-specific governance frameworks at the global level have stalled or lack
participation. At the transboundary level, they are very slow to develop. National actors give
groundwater the most attention; however, this is mostly by way of dealing with other related resources.
Given this dynamic, it is worth considering merits of and possibilities to (re)scale up (ground)water
governance in the context of existing and operational environmental governance regimes. There are two
ways in which this could be approached.
The first would look at existing environmental governance regimes with high levels of country
participation as ‘low hanging fruit’ and to move towards making groundwater governance more
prominent in existing frameworks. At the global level, this scaling up would encourage the secretariats
of the UNFCCC, UNCBD, UNESCO Ramsar Convention, and UNCCD to dedicate specific attention
and funding to groundwater. This could be done through a program analogous to REDD+ for forests or
through specific task forces dedicated to advancing groundwater knowledge, disseminating it to the
conventions’ parties and funding country-specific or regional programs. Parallel efforts could be made
in transboundary river and lake basins with existing multilateral agreements. For example, protocols
could be adopted to expand their scope to groundwater. This would shift the focus from trying to
persuade countries to divert additional resources specifically to groundwater but rather include it in
ongoing activities.
The second would be to begin to advance governance in new fields and geographic locations based on
the understanding of the drivers of groundwater problems. Previous approaches, particularly from
international donors, targeted aquifers based on size (i.e. larger is better or more important) even if
severe problems of transboundary pollution or depletion had yet to occur. Newer projects like the GEF
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transboundary aquifer assessment program have inventoried aquifers to assess which one are under the
most pressure. But going forward, and especially in the context of the SDGs which take a systemic
approach, drivers can be useful for understanding where future problems will most likely arise. As such,
integrating groundwater concerns into the trade regime through the WTO; making it a key issue of
concern in the planning and development of mega-cities; addressing groundwater and the role of
disaster recovery and preventing climate refugees are new avenues that must be pursued.

10.6 A ROOF OVER EVERYONE’S HEAD: CONTRIBUTING TO SUSTAINABLE AND

INCLUSIVE DEVELOPMENT
There has been a marked increase in aquifer-specific governance frameworks as well as the
solidification of sustainable development as a key norm in international policy. My analysis indicates
that the adoption of the 2015 Sustainable Development Goals is another significant paradigm shift that
may affect groundwater governance. As such, we have entered a fifth phase of groundwater governance
- governing groundwater in the context of sustainable and inclusive development. Thus, sustainable and
inclusive development is the architecture’s roof, under which all groundwater governance would occur.
The research has revealed a number of strengths and weaknesses of the existing groundwater
governance framework, when analyzed from the perspective of sustainable development. However, the
core weakness is the absence of an overarching norm. I used the theoretical and conceptual framework
to position sustainable and inclusive development as the key norm in global environmental governance,
while viewing it as an aspirational norm in groundwater governance. I also used various methods to test
the extent to which the current groundwater governance frameworks match up with the key tenants of
this norm. Now, I will reflect on the opportunities that could await groundwater governance if
sustainable and inclusive development are taken on as its overarching norm.

10.6.1 Achieving Sustainable Development for Groundwater Law and Policy
I have shown that groundwater law and policy, or the absence thereof, has a relationship with human
behavior and attitudes toward groundwater as well as the state of groundwater resources. I have also
shown that the existing framework has critical shortcomings with respect to sustainable and inclusive
development because of a lack of principles to counter the focus on building wealth and to refocus these
efforts on “human and natural capital, population, institutions and time;” environmental inclusiveness
because of a lack of attention to non-provisional ecosystems services, precautionary action, and
intergenerational equity can permanently damage the storage, flow, pressure and quality characteristics
of a groundwater resources; and relational inclusiveness because of incongruent approaches to water
allocation. This begs the question: how can a perfect groundwater governance framework be designed?
And what would it mean for sustainable and inclusive development? Following the IDGEC framework
(Young et al. 2005) indicates how this can be achieved.
First, the redesign requires examining the existing institutions, addressing the problems at compatible
scales; ensuring the scope fits with the hydrogeological nature of the resources (i.e. flow, storage,
pressure and quality); that critical ecosystems services are accounted for; and that it provides
operational linkages to other related instruments especially in the face of uncertainty and data scarcity.
Part of linking with existing institutions includes re-introducing groundwater in the context of IWRM,
which is actively used to guide water governance in river basins world-wide. In all hydrological
contexts, redesign requires that flow, storage, pressure and quality are prioritized through basic field
reconnaissance, even without detailed in-situ data, as was shown in the case of the STAS. Taking this
initial design step would ensure that issues related to environmental sustainability of the resource and its
ecosystems services receive focused attention.
Second, the identification of context-relevant drivers and actors can give indication of the priority
principles; the need for new principles i.e. for climate change, globalization, demographic shifts and
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land use; and the need to reconcile existing principles. This can also clarify the opportunity to bolster
existing laws and policies by integrating the social, economic and groundwater-specific environmental
principles, that lack attention in the existing framework. This would mean re-focusing on issues such as
land ownership, the human right to water and sanitation, honoring the rights of the marginalized,
operationalization of public participation, access and education. Thus, the “background” of the neoliberal economic system and the driving forces of the anthropocene are directly addressed in this
framework, enhancing the potential to achieve hard sustainability as well as inclusiveness.

10.6.2 The Sustainable Development Goals: An Opportunity to Enhance Sustainable

and Inclusive Groundwater Governance
Regardless of whether groundwater governance frameworks are repositioned such that sustainable and
inclusive development are the guiding norm, groundwater resources will undoubtedly be affected by the
implementation of the 2015 Sustainable Development Goals. As discussed in Section 5.2.2, the SDGs
lay out 17 Goals pursued and monitored through a network of hundreds of targets and indicators. Goal
6, ‘the dedicated water goal,’ only includes one specific mention of groundwater but will nevertheless
rely upon it to achieve the goal. Further, it is linked with over 120 other targets from other goals
including but not limited to food and energy security, sustainable cities and human settlements, and
climate change. As such, it is likely that in many countries, the SDGs will exert more of an influence on
groundwater governance than groundwater governance will exert on the SDGs due to the numerous
behavioral and policy changes that will be triggered. Thus, potential advancements that could be made
in the context of the SDGs to be as follows.
First, increased characterization and monitoring of groundwater resources under Goal 6 has the potential
to challenge the common assumptions about groundwater as an underground bathtub, and recharacterize it as complex, dynamic, and vulnerable subsurface resource. New hydro(geo)logical
information can help replace common misconceptions about groundwater with simple, understandable
fundamentals about their dynamics. Approaching groundwater as an appendage to surface water, which
is the historical approach in policy circles, can be revamped and better informed.
Second, challenges regarding technical capacity and manpower can be taken seriously, for the purpose
of facilitating better and more equitable access to groundwater resources for the culturally and
geographically marginalized. This can be accompanied by a shift towards a conservation mentality in
lieu of relying purely on technological solutions such as metering and telemetry which can be prone to
vandalism and incur significant costs to regulators.
Third, the practicality of aquifer-only governance approaches can be re-evaluated through the process of
dealing with interlinked goals and targets. The importance of adequate land, forest, waste, wastewater,
hazardous materials and of course surface water management practice and their relationship to
groundwater resources can be further emphasized.
Fourth, the issues surrounding trade of groundwater intensive products represent new groundwater
flows and can potentially be addressed through the SDGs process. Where groundwater-dependent
products compose a main source of trade revenues, the issues of ‘ownership’ and protection of water
resources can be drawn out, albeit indirectly. Further, the consequences of land grabbing can be
evaluated and carefully considered.
Fifth, I believe that the SDG process can significantly improve access to groundwater resources for the
poor and marginalized. It can make clear what social, cultural and technological advancements are
required to increase intra/inter-generational and international equity as well as cope with changes to
geogenic groundwater quality and natural fluctuations in quantity.
My redesign of principles support the achievement of the sustainable development goals by providing a
normative framework for groundwater governance that can address the multi-level and pluralistic nature
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of governance; takes into account the dynamics of the physical resources; and bolsters the political,
environmental, social, and economic principles based on the understanding of the drivers of
groundwater problems. It focuses on human rights and social, relational and environmental
inclusiveness so that the poorest of the poor and marginalized are not left behind in SDG
implementation. And further, it provides clear opportunities to work through interlinkages to other areas
of environmental governance, which are related to other goals, in order to further the aspirations of Goal
6 and progressive developments in groundwater governance.

10.7 REFLECTIONS ON THEORY AND METHODS AND KEY RECOMMENDATIONS FOR

FURTHER RESEARCH
My research sought to create a big picture view of groundwater governance in the context of an
institutional approach. I now reflect briefly on my theoretical and methodological choices; how they
affected the outcomes of this research; and what opportunities they have revealed for further research.

Reflections on Theory
I used Earth System Governance as the guiding ontological and epistemological framework for my
research. This not only allowed me to use an interdisciplinary, multi-level, mixed methods approach to
explore and analyze the existing and documented groundwater governance frameworks world-wide, but
also situated sustainable and inclusive development as the guiding norm for my analysis. This approach
was beneficial as it brought forth findings that a specific geographic or disciplinarily focus would not
have led to, for example the need to understand the role of trade and the neo-liberal paradigm in
groundwater problems and groundwater governance.
Using sustainable and inclusive development as the guiding norm was useful for analyzing the
groundwater governance frameworks in terms of political, environmental, social and economic
dimensions. One of the common critiques of the sustainable development concept is that it is poorly
bounded and lacks parsimony. But in my research, I found the breadth of the concept advantageous. The
four dimensions themselves were sufficiently bounded without being overly narrowed. The concepts of
sustainable and inclusive development allowed the relevant groundwater governance principles to be
analyzed for their normative content (including incoherence and contradictions) and to be understood
beyond their legal-technical status. All together, these approaches facilitated the content analysis and
legal pluralism analysis and took groundwater governance beyond their current foci (i.e. ecosystems
protection, water cooperation, and equitable allocation) and into a more concrete and inclusive
understanding of sustainable groundwater governance.
I also chose to engage with the concept of legal pluralism to better understand the interaction between
legal and policy frameworks addressing groundwater governance. Because legal pluralism was
originally used descriptively in anthropological and legal traditions, developing the final approach for the
legal pluralism was challenging. There were few existing studies that employed the concept as I chose to in
my research. Nevertheless, legal pluralism proved a useful analytical approach to facilitate identification
of the patterns, incongruences and conflicts in different groundwater governance frameworks within and
across levels.
I used basic understandings of hydrogeology in conjunction with the concepts of drivers and ecosystems
services as a means of integrating hydrogeological knowledge into governance frameworks. This choice
proved to be highly beneficial as it allowed my analysis to explore the politics behind and implications
of technical choices regarding characterization of the resource on groundwater governance. It also
showed that identification of drivers as a starting point for design of governance is critical to ensuring
that the actual problems are addressed as opposed to only the problem de jour.
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Reflections on Methods
I chose to adapt the IDGEC framework to facilitate the institutional analysis and redesign for
groundwater governance. This choice was usefully in that it allowed to step beyond a single concept of
institutionalism (e.g. historical or discursive) and focus on analyzing institutions’ role in combating
environmental problems. It also allowed me to integrate the concepts of sustainable development and
legal pluralism to deepen my analysis, positively effecting the outcomes of my research. For example,
when legal pluralism was placed within the adapted IDGEC conceptual framework and matched with the
drivers of groundwater problems, the legal pluralism analysis made clear that there are key elements of
the framework missing: (1) robust assessment of the drivers of groundwater problems and (2) in-depth
evaluation of the role of water and land ownership in groundwater governance.
I was also able to combine four core methods – content analysis, descriptive statistics, geographic
information systems, and qualitative case study – within my conceptual framework. In doing so, the
core contents of groundwater governance instruments were synthesized and evaluated quantitatively
using descriptive statistics and then visualized using geographic information systems. There are clear
limitations to such an approach, where nuance can be lost and contextual factors become secondary.
Consequently, the qualitative case study was used to re-introduce these nuances and contextual-factors
and lead to a significantly increased understanding of how groundwater governance frameworks can be
redesigned.
The way I used these methods could be further improved upon in a few key ways. First, validity in the
content analysis could be increased through comprehensive coverage of all countries, regardless of the
law’s language of publication; having second and third readers/coders comparing results; using official
translations of laws or expert legal translators; confirming the current status of laws and policies with
local legal experts; and using a scaled rather than binary coding systems. The latter of these would also
facilitate the use of more advance statistical techniques such as cluster/factor analysis where there are
sufficient cases (n’s) to do so. GIS was a valuable visualization tool, but is only as sophisticated as the
underlying data and analysis. As such, the current mapping based on descriptive information is highly
useful in communicating key elements of groundwater governance and how they manifest spatially.
Nevertheless, data on groundwater resources could still benefit from further validation and
reconciliation across multiple sources (i.e. raw data reported by countries and/or international
organizations as well as modeled data). GIS paired with more advanced statistical analysis would also
allow the maps to take on a deeper analytical dimension. The case study was an invaluable method in
the research, but a key challenge was gaining sufficient access to key stakeholders in a region where
interviewees experience research exhaustion. A key point of reflection for myself and the broader
research community should be how to more structurally ensure our research has direct impact or benefit
for the stakeholders involved.
I would like to close with some final thoughts on replicability and generalizability. With respect to
replicability, I had the honor and benefit of serving as mentor to two early career researchers during my
PhD. These researchers - one lawyer, one environmental scientist – both took portions of my analytical
framework and content analysis procedure to develop their own groundwater governance research
projects. In both cases, I received positive feedback from the researchers that they felt the methods were
easy to understand and replicate, but also lent themselves to be adapted to particular geographical
contexts or theoretical objectives. The methods were also improved and refined based on their feedback
and perspectives. In the end, the greatest challenge they encountered was with a lack of groundwater
data in their geographical areas of interest. As such, I hope that other researchers will use and improve
upon these methods in order to improve our understanding of groundwater governance. However, exact
replicability may be constrained due to the constantly changing legal and policy environment for
groundwater governance.
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Given the broad scope of my research, generalizability would refer to how my research may be
generalizable to the ‘wider universe’ of global environmental governance on one hand and specific
cases of groundwater governance on the other. With respect to the former, the findings regarding
groundwater governance could be used to test theoretical ideas about global environmental governance,
such as norm cohesion and the role of addressing drivers. For the latter, the research also showed that
some generalizations about where patterns occur (i.e. political or climatic regions), at what geographic
level they occur (i.e. water as an economic good being common at the national level), in what time
periods (i.e. after developments in global environmental and water policy), and how strong these
patterns are (i.e. very strong in Europe, not so strong in Asia). Nevertheless, the pattern identification is
likely the limit of generalizability for this research, as individual cases of aquifers would need to be
appropriately contextualized.

Areas for Further Research
Based on my analysis and my reflections on theory and methods, I proposed areas of further research in
groundwater governance that:
(1)

Link groundwater governance to global approaches for land, biodiversity and climate governance;

(2)

Analyze the role of uncertainty and adaptation in groundwater governance;

(3)

Explore the role to data and knowledge construction in groundwater governance;

(4)

Systematically select and analyze geographically-specific case studies that can be linked together of
generalizable findings;

(5)

Complete and contextualize legal analysis and legal field work in groundwater governance;

(6)

Apply legal pluralism and analytical analysis to groundwater governance;

(7)

Explore the role of politics of groundwater science in our current understandings of groundwater
governance;

(8)

Assess how de facto globalization and economic markets can be countered in day-to-day
groundwater governance frameworks, included in the role of ecosystems services valuation; and

(9)

Critically investigate the role of groundwater rights and ownership in (ground)water and land
governance frameworks, especially in the context of land grabbing.

10.8 CLOSING CALL TO ACTION
This research revealed the ways in which the governance frameworks may need to be bolstered or reoriented to ensure inter and intra-generational equity. It showed that societies must embrace a
precautionary legal pluralism, that focuses on inclusion of the culturally and geographically
marginalized and is dedicated to holding those with access to groundwater accountable to the existing
norms in their particular context. Societies must also re-envision the subsurface and, in conjunction with
groundwater scientists, develop useful conceptual models of groundwater resources that facilitate basic
governance frameworks and are not strictly limited by data availability. Governance must focus on what
can be done above ground today for the sustainable and inclusive development of groundwater
resources and take massive action with the resources, capacities and political will already available.

228

References
Adelana, S. (2004). Groundwater resources and environmental management in Niger Basin Authority and Lake Chad
Basin Commission agreements. In International Conference: Network of International Commissions and
transboundary basin organizations and African network of basin organizations. Dakar, Senegal.
Aeschbach-Hertig, W., & Gleeson, T. (2012). Regional strategies for the accelerating global problem of groundwater
depletion. Nature Geoscience, 5(12), 853–861.
Agarwal, A., delos Angeles, M. S., Bhatia, R., Chéret, I., Davila-Poblete, S., Falkenmark, M., et al. (2000). Integrated
water resources management (No. 4). Stockholm, Sweden: Global Water Partnership Technical Advisory
Committee.
Aguilar, D. (2011). Groundwater Reform in India : An Equity and Sustainability Dilemma. Texas International Law
Journal, 46(3), 623–653.
Al-Salamah, I. S., Ghazaw, Y. M., & Ghumman, A. R. (2011). Groundwater modeling of Saq Aquifer Buraydah Al
Qassim for better water management strategies. Environmental Monitoring and Assessment, 173(1–4), 851–860.
Alker, M. (2008). The Stampriet Artesian Aquifer Basin A case study for the research project ”Transboundary
groundwater management in Africa”. In W. Scheumann & E. Herrfahrdt-Pähle (Eds.), Conseptualizing
Cooperation on Africa’s Transboundary Groundwater Resources. Bonn, Germany: German Development
Institute.
Allan, J. A. (2006). IWRM: the new sanctioned discourse? In P. P. Mollinga, A. Dixit, & K. Athukorala (Eds.),
Integrated water resources management: Global theory, emerging practice and local needs (pp. 38–63). New
Dehli: SaciWaters and Sage Publications.
Alley, W., Reilly, T., & Franke, O. (1999). Sustainability of ground-water resources. Denver, Colorado: United States
Geological Survey.
Allott, P. (1999). The Concept of International The Social Function of Law. European Journal of International Law,
10(March 1998), 31–50.
Alpa, G. (1994). General principles of law. Ann. Surv. Int’l & Comp. L., 1.
Altaner, S. (2012). Module: “Water Cycle and Fresh Water Supply.” In T. Theis & J. Tomkin (Eds.), Sustainability: A
Comprehensive Foundation (pp. 151–179). Urbana-Champaign, IL: U of I Open Source Textbook Initiative.
Alter, A. (2009, February 17). Yet Another ’ Footprint ’ to Worry About : Water Taking a Cue From Carbon Tracking ,
Companies and. Wall Street Journal, p. A11.
Altheide, D. L., & Schneider, C. J. (2012). Qualitative media analysis (Vol. 38). Thousand Oaks: Sage Publications.
Arago, D. F. (1834). On the Thermometrical State of the Terrestrial Globe. Edin. New Philosophical Jour, 16, 205–245.
Association of South East Asian Nations (ASEAN). (1985). ASEAN Agreement on the Conservation of Nature and
Natural Resources. Kula Lampur, Malaysia: (9 July 1985).
Atkinson, R., & Flint, J. (2001). Accessing hidden and hard-to-reach populations: Snowball research strategies. Social
research update, 33(1), 1–4.
Aureli, A., & Eckstein, G. E. (2011). Strengthening cooperation on transboundary groundwater resources. (Eckstein &
A. Aureli, Eds.)Water International (36(5)., Vol. 36). Water International.
Aylward, B., Bandyopadhyay, J., Belausteguigotia, J.-C., Börkey, P., Cassar, A., Meadors, L., et al. (2005). Freshwater
Ecosystem Services. Ecosystems and Human Well-being: Current State and Trends, 213–255.
Bakker, K. (2007). The “ Commons ” Versus the Anti-privatization and the Human Right to Water in the Global South.
Antipode, 39(3), 430–455.
Bakker, K. (2010). Privatizing water: governance failure and the world’s urban water crisis. Ithaca, NY: Cornell
University Press.
Baldwin, C., Tan, P. L., White, I., Hoverman, S., & Burry, K. (2012). How scientific knowledge informs community
understanding of groundwater. Journal of Hydrology, 474, 74–83.
Batelaan, O., De Smedt, F., & Triest, L. (2003). Regional groundwater discharge: phreatophyte mapping, groundwater
modelling and impact analysis of land-use change. Journal of Hydrology, 275(1–2), 86–108.
Baud, I., Pfeffer, K., Scott, D., Denis, E., & Sydenstricker, J. (2014). Participatory “Spatial” Knowledge Management
Configurations in Metropolitan Governance Networks for SD Thematic Report Participatory “Spatial” Knowledge
Management Configurations in Metropolitan Governance Networks for SD, (August).
Baumgartner, T., & Pahl-Wostl, C. (2013). UN-Water and its role in global water governance. Ecology and Society,
18(3), 3–12.
Bavinck, M., & Gupta, J. (2014). Legal pluralism in aquatic regimes: a challenge for governance. Current Opinion in
Environmental Sustainability, 11, 78–85.

229

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
Bednarz, K. M. (2007). Should the Public Trust Doctrine Interplay with the Bottling of Michigan Groundwater? Now Is
the Appropriate Time for the Michigan Supreme Court to Decide. Wayne L. Rev., 53, 733–751.
Benda‐Beckmann, F. von. (2001). Legal Pluralism and Social Justice in Economic and Political Development. IdS
Bulletin, 32(1), 46–56.
Berelson, B. (1952). Content analysis in communications research. Glencoe, Illinois: Free Press Publishers.
Bergkamp, G., & Cross, K. (2006). Groundwater and ecosystem services: towards their sustainable use. International
Symposium on Groundwater Sustainability (ISGWAS), 177–193.
Bernstein, S., & Cashore, B. (2012). Complex global governance and domestic policies: Four pathways of influence.
International Affairs, 88(3), 585–604.
Bevir, M. (2011). Governance as theory, practice, and dilemma. In M. Bevir (Ed.), The SAGE handbook of governance
(pp. 1–16). London, UK: Sage London.
Beyerlin, U. (2007). Different Types Of Norms In International Environmental Law Policies, Principles, And Rules.
Biermann, F. (2007). “Earth system governance” as a crosscutting theme of global change research. Global
Environmental Change, 17(3–4), 326–337.
Biermann, F., & Pattberg, P. (2009). The fragmentation of global governance architectures: A framework for analysis.
Global Environmental Politics, 9.4(November), 14–41.
Biermann, F., Betsill, M. M., Gupta, J., Kanie, N., Lebel, L., Liverman, D., et al. (2009). Earth System Governance:
People, Places and the Planet. Science and Implementation Plan of the Earth System Governance Project.
Biermann, F., Pattberg, P., van Asselt, H., & Zelli, F. (2009). The Fragmentation of Global Governance Architectures:
A Framework for Analysis. Global Environmental Politics, 9(4), 14–40.
Biernacki, P., & Waldorf, D. (1981). Snowball sampling: Problems and techniques of chain referral sampling.
Sociological methods & research, 10(2), 141–163.
Biswas, A. K. (2004). Integrated water resources management: a reassessment: a water forum contribution. Water
international, 29(2), 248–256.
Blomquist, W. (1992). Dividing the waters: governing groundwater in Southern California. ICS Press Institute for
Contemporary Studies.
Blomquist, W., & Ostrom, E. (1985). Institutional Capacity And The Resolution Of A Commons Dilemma. Review of
Policy Research, 5(2), 383–394.
Bluemel, E. B. (2004). The Implications of Formulating a Human Right to Water. Ecology Law Quarterly, 31, 957–
1006.
Boelens, R. (2009). The politics of disciplining water rights. Development and Change, 40(2), 307–331.
Bogdanovic, S., Bourne, C., Burchi, S., & Wouters, P. (2004). ILA Berlin Conference 2004 - Water Resources
Committee Report Dissenting Opinion. Water Resources Committee Report.
http://www.internationalwaterlaw.org/documents/intldocs/ila_berlin_rules_dissent.html. Accessed 1 August 2015
Boulton, A. J., Fenwick, G. D., Hancock, P. J., & Harvey, M. S. (2008). Biodiversity, functional roles and ecosystem
services of groundwater invertebrates. Invertebrate Systematics, 22(2), 103–116.
Bourquain, K. (2008). Freshwater access from a human rights perspective: A challenge to international water and
human rights law (Vol. 97). Martinus Nijhoff Publishers.
Braat, L. C., & de Groot, R. (2012). The ecosystem services agenda:bridging the worlds of natural science and
economics, conservation and development, and public and private policy. Ecosystem Services, 1(1), 4–15.
Braune, E., & Adams, S. (2013). Regional Diagnostic Report Sub-Saharan Africa Region. Pretoria, South Africa.
Braune, E., & Xu, Y. (2009). Groundwater management issues in Southern Africa - An IWRM perspective. Water SA,
34(6), 699–706.
Breitmeier, H., Underdal, A., & Young, O. R. (2011, December 5). The effectiveness of international environmental
regimes: Comparing and contrasting findings from quantitative research. International Studies Review.
British Geologic Survey, & Wellfield Consulting Services. (2011). Transboundary Aquifers in SADC Review and
Classification with respect to Regional Groundwater Monitoring.
Bruckmeier, K., & Tovey, H. (2008). Knowledge in sustainable rural development: From forms of knowledge to
knowledge processes. Sociologia Ruralis, 48(3), 313–329.
Brunnée, J. (2002). COPing with Consent: Law-Making Under Multilateral Environmental Agreements. Leiden Journal
of International Law, 15(1), 1–52.
Bryman, A. (2012). Social Research Methods (4th ed.). New York, NY: Oxford University Press.
Burchi, S. (1999). National Regulations for Groundwater: Options, Issues and Best Practices. In S. M. a. Salman (Ed.),
Groundwater: Legal and Policy Perspectives (pp. 55–68). Washington, D.C.: World Bank Technical Paper No.
456.

230

REFERENCES
Burchi, S., & Nanni, M. (2003). How groundwater ownership and rights influence groundwater intensive use
management. In Intensive Use of Groundwater: Challenges and Opportunities (pp. 227–240). Lisse, The
Netherlands: Swets & Zeitlinger B.V.
Burness, H. S., & Brill, T. C. (2001). The role for policy in common pool groundwater use. Resource and Energy
Economics, 23(1), 19–40.
Cambodia, Lao, Thailand, & Viet Nam. (1995). Agreement on the Cooperation for the Sustainable Development of the
Mekong River Basin. Chiang Rai, Thailand: (5 April 1995, entered into force 5 April 1995).
Caponera, D. A. (2007). Principles of water law and administration: national and international. (M. Nanni, Ed.) (2nd
ed.). The Netherlands; Boca Raton, Florida: Taylor & Francis.
Carle, D. (2016). Introduction to water in California (Second, Ed.). Oakland: University of California Press.
Cash, D. (2000). Linking global and local scales: designing dynamic assessment and management processes. Global
Environmental Change, 10(2), 109–120.
Central Statistics Office Botswana. (2014). Population and Housing Census 2011. Gaborone, Botswana.
Chandhoke, N. (2003). Governance and the pluralisation of the state: implications for democratic citizenship. Economic
and Political Weekly, 38(28), 2957–2968.
Chandrakanth, M. G., & Romm, J. (1990). Groundwater Depletion in India- Institutional Management. Nat. Resources
J., 30(Summer), 485–501.
Chilton, J. (1996). Groundwater. In D. V Chapman & W. H. Organization (Eds.), Water quality assessments: a guide to
the use of biota, sediments and water in environmental monitoring (2nd ed.). E & Fn Spon London.
Claesson, L., Skelton, A., Graham, C., Dietl, C., Mörth, M., Torssander, P., & Kockum, I. (2004). Hydrogeochemical
changes before and after a major earthquake. Geology, 32(8), 641–644.
Cleveland, C., Costanza, R., Eggertsson, T., Fortmann, L., Low, B., McKean, M., et al. (1996). A framework for
modeling the linkages between ecosystems and human systems. Beijer Discussion Paper Series No. 76 Sweden:
Beijer Institute of Ecological Economics. Stockholm, Sweden.
Coleridge, S. T. (1910). The rime of the ancient mariner. New York, NY: Thomas Y. Crowell & Co.
Conca, K. (2000). The WTO and the undermining of global environmental governance. Review of International
Political Economy, 7(3), 484–494.
Conca, K., Wu, F., & Mei, C. (2006). Global regime formation or complex institution building? The principled content
of international river agreements. International Studies Quarterly, 50(2), 263–285.
Conners, J. A. (2013). Groundwater for the 21st Century. Granville, Ohio: The McDonald & Woodward Publishing
Company.
Conti, K. I. (2014). Factors Enabling Transboundary Aquifer Cooperation. Delft, Netherlands.
Conti, K. I. (2016). Groundwater and Security. Handbook on Water Security, (September), 161–182.
Conti, K. I., & Gupta, J. (2014). Protected by pluralism? Grappling with multiple legal frameworks in groundwater
governance. Current Opinion in Environmental Sustainability, 11, 39–47.
Conti, K. I., & Gupta, J. (2015). Global governance principles for the sustainable development of groundwater
resources. International Environmental Agreements: Politics, Law and Economics, 1–23.
Cooley, H., & Gleick, P. H. (2011). Climate-proofing transboundary water agreements. Hydrological Sciences Journal,
56(4), 711–718.
Cortell, A. P., & Davis, J. W. (1996). How Do International Institutions Matter? The Domestic Impact of International
Rules and Norms. International Studies Quarterly, 40(4), 451–478.
Council of Canadian Academies. (2009). Sustainable Management of Groundwater in Canada – Report of the Expert
Panel on Groundwater. Ottowa, Canada.
Cousins, B. (2007). Agrarian reform and the “two economies”: transforming South Africa’s countryside. The land
question in South Africa: the challenge of transformation and redistribution, 220–245.
Creswell, J. W. (2012). Qualitative inquiry and research design: Choosing among five approaches. Thousand Oaks,
London, New Dehli, Singapore: Sage publications.
Crosgrove, K., & Cosgrove, W. J. (2012). The United Nations World Water Development Report–N° 4–The Dynamics
of Global Water Futures: Driving Forces 2011–2050. Preugia, Italy: UNESCO- WWAP.
Crowley, B. P., & Delfico, J. F. (1996). Content analysis: A methodology for structuring and analyzing written material.
United States General Accounting Office (GAO), Program Evaluation and Methodology Division.
Cullet, P. (2013). Governing the Environment without CoPs. International Community Law Review, 15, 123–135.
Cullet, P., & Gupta, J. (2009). India: The Evolution of the Law and Politics of Water. In J. Dellapenna & J. Gupta
(Eds.), The Evolution of the Law and Politics of Water (pp. 157–173). Dordrecht: Springer Netherlands.
Custodio, E. (2002). Aquifer overexploitation: what does it mean? Hydrogeology Journal, 10(2), 254–277.

231

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
Dalin, C., Konar, M., Hanasaki, N., Rinaldo, A., & Rodriguez-Iturbe, I. (2012). Evolution of the global virtual water
trade network. Proceedings of the National Academy of Sciences, 109(16), 5989–5994.
Danish, K. W. (1995). International Environmental Law and the “Bottom-up” Approach: A Review of the
Desertification Convention. Indiana Journal of Global Legal Studies, 3(1), 133–176.
de Groot, R. S., Alkemade, R., Braat, L., Hein, L., & Willemen, L. (2010). Challenges in integrating the concept of
ecosystem services and values in landscape planning, management and decision making. Ecological Complexity,
7(3), 260–272.
De los Cobos, G. (2010). The transboundary aquifer of the Geneva region (Switzerland and France): successfully
managed for 30 years by the State of Geneva and French border communities.
de Stefano, L., Edwards, P., Silva, L. De, & Wolf, A. (2010). Tracking cooperation and conflict in international basins:
historic and recent trends. Water Policy, 12(6), 871.
de Vries, J. (2008). Cross-border co-operation in the Rhine-Scheldt Delta The long road of institution building. In
Cross-border Governance and Sustainable Spatial Development (pp. 51–66). Springer.
Dellapenna, J. (2011). The customary law applicable to internationally shared groundwater. Water International, 36(5),
584–594.
Dellapenna, J., & Gupta, J. (2008). Toward Global Law on Water. Global Governance: A Review of Multilateralism and
International Organizations, 14(4), 437–453.
Dellapenna, J., & Gupta, J. (Eds.). (2009). The evolution of the law and politics of water. Dordrecht, Netherlands:
Springer Netherlands.
Deutsch-Französisch-Schweizerische Oberrhienkonferenz. (2014). Environment at Oberrhein – Projects webpage.
http://www.oberrheinkonferenz.org/de/umwelt/projekte1.html
Döll, P. (2009). Vulnerability to the impact of climate change on renewable groundwater resources: a global-scale
assessment. Environmental Research Letters, 4(3), 1–13.
Döll, P., Hoffmann-Dobrev, H., Portmann, F. T., Siebert, S., Eicker, A., M., R., et al. (2012). Impact of water
withdrawals from groundwater and surface water on continental water storage variations. Journal of of
Geodynamics, 59–60, 143–156.
Domenico, P. A., & Schwartz, F. W. (1998). Physical and chemical hydrogeology (Vol. 44). New York: Wiley.
Dore, J., Lebel, L., & Molle, F. (2012). A framework for analysing transboundary water governance complexes,
illustrated in the Mekong Region. Journal of Hydrology, 466–467, 23–36.
Doyle, T., & Chaturvedi, S. (2012). Climate Refugees and Security: Conceptualizations, Categories, and Contestations.
The Oxford Handbook of Climate Change and Society, (December 2016), 1–19.
Drew, G. (2008). From the groundwater up: Asserting water rights in India. Development, 51(1), 37–41.
Dumont, A. (2013). Groundwater is not a Common-pool resource: Ordering sustainability issues of groundwater use. In
IWA Third conference on Water economics, statistics and finance, Marbella (Spain) (p. F-1).
Easton, G. (2010). Critical realism in case study research. Industrial Marketing Management, 39(1), 118–128.
Eckstein, G. E. (2005). A Hydrogeological Perspective of the Status of Ground Water Resources under the UN
Watercourse Convention. Columbia Journal of Environmental Law, 30(3), 525–564.
Eckstein, G. E. (2007). Commentary on the UN International Law Commission’s draft articles on the law of
transboundary aquifers. Colorado Journal of International Environmental Law & Policy, 18(3), 537–610.
Eckstein, G. E. (2011a). Managing buried treasure across frontiers: the international Law of Transboundary Aquifers.
Water International, 36(5), 573–583.
Eckstein, G. E. (2011b). Buried Treasure or Buried Hope? The Status of Mexico-U.S. Transboundary Aquifers under
International Law. International Community Law Review, 13(3), 273–290.
Eckstein, G. E. (2013). Rethinking Transboundary Ground Water Resources Management: A Local Approach along the
Mexico-US Border. Georgetown International Environmental Law Review, 25(1), 95–128.
Eckstein, G. E., & Hardberger, A. (2008). State Practice in the Management and Allocation of Transboundary
Groundwater Resources in North America. Yearbook of International Environmental Law, 18(1), 96–125.
Eckstein, G. E., & 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.
Eckstein, Y., & Eckstein, G. E. (2005). Transboundary aquifers: Conceptual models for development of international
law. Groundwater, 43(5), 679–90.
Ehrlich, E. (1936). Fundamental principles of the sociology of law. Harvard University Press.
Ellen Hey. (2007). International Institutions. In D. Bodansky, J. Brunnée, & E. Hey (Eds.), International environmental
law (pp. 749–769). New York: Oxford University Press.
Emel, J. L. (1987). Groundwater Rights: Definition and Transfer. Nat. Resources J., 27(Summer), 653–673.

232

REFERENCES
Erinosho, B. T. (2013). The Revised African Convention on the Conservation of Nature and Natural Resources:
Prospects for a Comprehensive Treaty for the Management of Africa’s Natural Resources. African Journal of
International and Comparative Law, 21(3), 378–397.
Esteban, E., & Albiac, J. (2011). Groundwater and ecosystems damages: Questioning the Gisser–Sánchez effect.
Ecological Economics, 70(11), 2062–2069.
European Commission. (2007). Renewable Energy Roadmap. Brussels, Belgium: COM(2006) 848.
European Commission. (2008). Slovenia-Hungary Cross-border Operational Program. Brussels, Belgium:
MEMO/08/389.
European Parliament. (2000). Directive 2000/60/EC of the European Parliament and of the Council establishing a
framework for Community action in the field of water policy. OJL 327, 1–73.
European Parliament. (2006). Directive 2006/118/EC of the European Parliament and of the Council on the protection
of groundwater against pollution and deterioration. OJL 372, 19–31.
EUROSTAT. (2016). Key Findings from an SDG Viewpoint. http://ec.europa.eu/eurostat/web/sdi/key-findings-froman-sdg-viewpoint#Goal 6. Accessed 9 December 2016
Faisal, I. M., Young, R. A., & Warner, J. W. (1997). Integrated economic-hydrologic modelling for groundwater basin
management. International Journal of Water Resources Development, 13(1), 21–34.
Falk, T., Kirk, M., Lohmann, D., Kruger, B., Hüttich, C., & Kamukuenjandje, R. (2017). The profits of excludability
and transferability in redistributive land reform in central Namibia. Development Southern Africa, online first.
Falkenmark, M., & Allard, B. (1991). Water quality genesis and disturbances of natural freshwaters. In O. Hutzinger
(Ed.), The handbook of environmental chemistry 5, part A: WaterWater Pollution (pp. 45–78). Berlin, Heidelberg:
Springer Berlin Heidelberg.
Famiglietti, J. S. (2014). The global groundwater crisis. Nature Climate Change, 4(11), 945–948.
Famiglietti, J. S., Lo, M., Ho, S. L., Bethune, J., Anderson, K. J., Syed, T. H., et al. (2011). Satellites measure recent
rates of groundwater depletion in California’s Central Valley. Geophysical Research Letters, 38(3), L03403.
Farber, S., Costanza, R., Childers, D. L., Erickson, J., Gross, K., Grove, M., et al. (2006). Linking Ecology and
Economics for Ecosystem Management. BioScience, 56(2), 121–133.
Feenstra, L., Vasak, L., & Griffioen, J. (2007). Fluoride in groundwater: Overview and evaluation of removal methods
(Publicatio.). Delft, Netherlands: International Groundwater Resources Assessment Centre.
Feitelson, E. (2003). When and how would shared aquifers be managed? Water International, 28(2), 145–153.
Feitelson, E. (2005). Impediments to the management of shared aquifers: A political economy perspective.
Hydrogeology Journal, 14(3), 319–329.
Feitelson, E., & Fischhendler, I. (2009). Spaces of Water Governance: The Case of Israel and Its Neighbors. Annals of
the Association of American Geographers, 99(4), 728–745.
Finger, M., Tamiotti, L., & Allouche, J. (2006). The multi-governance of water: four case studies. SUNY Press.
Finnemore, M., & Sikkink, K. (1998). International Norm Dynamics and Political Change. International Organization,
52(4), 887–917.
Fisher, B., Turner, R. K., & Morling, P. (2009). Defining and classifying ecosystem services for decision making.
Ecological Economics, 68(3), 643–653.
Fitts, C. R. (2002). Groundwater science. Boston, Massachusetts: Academic Press.
Food and Agriculture Organization of the United Nations (FAO). (2015). AQUASTAT.
http://www.fao.org/nr/water/aquastat/main/index.stm. Accessed 16 January 2015.
Ford, L. H. (2003). Challenging Global Environmental Governance : Social Movement Agency and Global Civil
Society. Politics, Global Environmental, 3(2), 120–134.
Foster, D., Swanson, F., Aber, J., Burke, I., Brokaw, N., Tilman, D., & Knapp, A. (2003). The Importance of Land-Use
Legacies to Ecology and Conservation. BioScience, 53(1), 77.
Foster, S. (2008). Thailand: Strengthening Capacity in Groundwater Resources Management (GW Mate.). Washington,
D.C.: World Bank.
Foster, S., & Ait-Kadi, M. (2012). Integrated Water Resources Management (IWRM): How does groundwater fit in?
Hydrogeology Journal, 20(3), 415–418.
Foster, S., & Chilton, J. (2003). Groundwater: the processes and global significance of aquifer degradation.
Philosophical transactions of the Royal Society of London. Series B, Biological sciences, 358(1440), 1957–72.
Foster, S., & Garduño, H. (2012). Groundwater-resource governance: Are governments and stakeholders responding to
the challenge? Hydrogeology Journal, 21(2), 317–320.
Foster, S., & Loucks, D. P. (2006). Non-renewable groundwater resources: A guidebook on Socially-sustainable
Management for Water-policy Makers. Paris, France: UNESCO.
Foster, S., Chilton, J., Nijsten, G., & Richts, A. (2013). Groundwater—a global focus on the “local resource.” Current

233

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
Opinion in Environmental Sustainability, 5(6), 685–695.
Foster, S., Garduño, H., Tuinhof, A., & Tovey, C. (2009). Groundwater Governance (Strategic.). Washington, D.C.:
World Bank.
Foster, S., Hirata, R., & Andreo, B. (2013). The aquifer pollution vulnerability concept: aid or impediment in promoting
groundwater protection? Hydrogeology Journal, 21(7), 1389–1392.
Foster, S., Kemper, K., Garduño, H., Hirata, R., & Nanni, M. (2006). The Guarani Aquifer Initiative for Transboundary
Groundwater Management (GW MATE.). Washington, D.C.: World Bank.
Francis, R. (2005). Water Justice in South Africa : Natural Resources. Georgetown International Law Review, 1(18),
149–195.
Franklin, B. (1746). Poor Richard’s Almanack. (Reprinted 2004, Ed.). New York, NY: Barnes and Nobles Publishing,
Inc.
Freeze, R. A., & Cherry, J. A. (1979). Groundwater (1st ed.). Englewood Cliffs, New Jersey: Prentice Hall.
Fuentes, X. (2002). International Law-Making in the Field of Sustainable Development: The Unequal Competition
Between Development and the Environment. International Environmental Agreements: Politics, Law and
Economics, 2(2), 109–133.
Galassi, D. M. P., Lombardo, P., Fiasca, B., Di Cioccio, A., Di Lorenzo, T., Petitta, M., & Di Carlo, P. (2014).
Earthquakes trigger the loss of groundwater biodiversity. Scientific reports, 4(April 2009), 6273.
Gardner, R., Moore, M. R., & Walker, J. M. (1997). Governing a Groundwater Commons: a Strategic and Laboratory
Analysis of Western Water Law. Economic Inquiry, 35(2), 218–234.
Gavouneli, M. (2011). A Human Right to Groundwater? International Community Law Review, 13(3), 305–319.
George, A. L., & Bennett, A. (2005). Case studies and theory development in the social sciences. Cambridge, MA: MIT
Press.
Ghoshray, S. (2006). Searching for Human Rights to Water Amidst Corporate Privatization in India: Hindustan CocaCola Pvt. Ltd. v. Perumatty Grama Panchayat. Georgetown International Environmental Law Review, 19, 643.
Gibbs, D., & Jonas, A. E. G. (2001). Rescaling and regional governance: The English Regional Development Agencies
and the environment. Environment and Planning C: Government and Policy, 19(2), 269–288.
Gibson, C. C., Ostrom, E., & Ahn, T. K. (2000). The concept of scale and the human dimensions of global change: A
survey. Ecological Economics, 32(2), 217–239.
Giordano, M. (2009). Global Groundwater? Issues and Solutions. Annual Review of Environment and Resources, 34,
153–178.
Giordano, M., & Shah, T. (2014). From IWRM back to integrated water resources management. International Journal
of Water Resources Development, 30(3), 364–376.
Girman, J., Gun, J. van der, Haie, N., Hirata, R., Lipponen, A., Lopez-Gunn, E., et al. (2007). Groundwater resources
sustainability indicators. (J. Vrba & A. Lipponen, Eds.)Series on Groundwater No. 14. Paris, France: UNESCOIHP.
Gleeson, T., Alley, W., Allen, D., Sophocleous, M. A., Zhou, Y., Taniguchi, M., & VanderSteen, J. (2012). Towards
sustainable groundwater use: Setting long‐term goals, backcasting, and managing adaptively. Ground Water,
50(1), 19–26.
Gleeson, T., Befus, K. M., Jasechko, S., Luijendijk, E., & Cardenas, M. B. (2015). The global volume and distribution
of modern groundwater. Nature Geoscience, Advance on(November), 1–15.
Gleeson, T., van der Steen, J., Sophocleous, M. A., Taniguchi, M., Alley, W. M., Allen, D. M., & Zhou, Y. (2010).
Groundwater sustainability strategies. Nature Geoscience, 3(6), 378–379.
Gleeson, T., VanderSteen, J., Sophocleous, M. A., Taniguchi, M., Alley, W. M., Allen, D. M., & Zhou, Y. (2010).
Groundwater sustainability strategies. Nature Geoscience, 3(6), 378–379.
Gleick, P. (1998). The human right to water. Water Policy, 10(1), 487–503.
Gleitsmann, B. A., Kroma, M. M., & Steenhuis, T. (2007). Analysis of a rural water supply project in three communities
in Mali : Participation and sustainability Analysis of a rural water supply project in three communities in Mali :
Participation and sustainability. Natural Resources Forum, 31, 142–150.
Glennon, R. (2002). Water follies: groundwater pumping and the fate of America’s fresh waters. Washington, D.C.:
Island Press.
Glennon, R., & Rogers, J. E. (2007). Tales of French Fries and Bottled Water : The Environmental Consequences of
Groundwater Pumping. Environmental Law, 1(7), 1–13.
Global Water Partnership. (2002). Integrated Water Resources Management. Stockholm, Sweden.
Goldsmith, J., & Posner, E. (1998). A Theory of Customary International Law. University of Chicago Law Review, (66),
1113–1178.

234

REFERENCES
Government of the State of Israel, & The Palestine Liberation Organization. (1995). Israeli-Palestinian Interim
Agreement on the West Bank and Gaza Strip. 28 September, 1995.
Governments of Albania Bosnia & Herzegovina Croatia and Montenegro. (2011). DIKTAS Project Inception Report.
Governments of Albania, Bosnia & Herzegovina, Croatia, and Montenegro. (2010). Protection and Sustainable Use of
the Dinaric Karst Transboundary Aquifer System.
Governments of Algeria, Benin, Burkina Faso, Mali, Mauritania, Niger, and Nigeria (2014). Memorandum of
Understanding for the Establishment of a Consultation Mechanism for the Integrated Management of the Water
Resources of the Iullemeden, Taoudeni/Tanezrouft Aquifer Systems (ITAS). Abuja, Nigeria: 28 March 2014.
Governments of Botswana, Lesotho, Namibia, and South Africa. (2009). Development and adoption of a Strategic
Action Programme for balancing water uses and sustainable natural resource management in the Orange-Senqu
River trans-boundary basin. United Nations Development Programme.
Governments of Mali, Niger, and Nigeria. (2003). Managing Hydrogeological Risk in the Iullmeden Aquifer System
Project, Project Brief.
Governments of Mali, Niger, and Nigeria. (2009). Bamako Declaration Bamako Declaration of the Ministers in Charge
of Water Resources of the Countries Sharing the Iullemeden Aquifer System. Bamako, Mali.
Great Lakes Science Advisory Board to the International Joint Commission. (2010). Groundwater in the Great Lakes
Basin. Windsor, Ontario, Canada.
Green, T. R., Taniguchi, M., Kooi, H., Gurdak, J. J., Allen, D. M., Hiscock, K. M., et al. (2011). Beneath the surface of
global change: Impacts of climate change on groundwater. Journal of Hydrology, 405(3–4), 532–560.
Guilfoos, T., Pape, A. D., Khanna, N., & Salvage, K. (2013). Groundwater management: The effect of water flows on
welfare gains. Ecological Economics, 95, 31–40.
Gupta, J. (2016). The Watercourses Convention, Hydro-hegemony and Transboundary Water Issues. The International
Spectator, 51(3), 118–131.
Gupta, J., & Lebel, L. (2010). Access and allocation in earth system governance: Water and climate change compared.
International Environmental Agreements: Politics, Law …, 10(4), 377–395.
Gupta, J., & Nilsson, M. (2017). Towards a multi-level action framework for delivering the SDGs. In N. Kanie & F.
Biermann (Eds.), Governing through Goals: Sustainable Development Goals as Governance Innovation (p. in
press). Cambridge, MA: MIT press.
Gupta, J., & Pahl-Wostl, C. (2013). Ecology and Society: Global Water Governance in the Context of Global and
Multilevel Governance: Its Need, Form, and Challenges. Ecology and Society, 18(4), 10.
Gupta, J., & Vegelin, C. (2016). Sustainable development goals and inclusive development. International
Environmental Agreements: Politics, Law and Economics, 16(3), 1–16.
Gupta, J., Ahlers, R., & Ahmed, L. (2010). The human right to water: moving towards consensus in a fragmented world.
Review of European Community & International Environmental Law, 19(3), 294–305.
Gupta, J., Baud, I., Bekkers, R., Bernstein, S., Boas, I., Cornelissen, V., et al. (2014). Sustainable Development Goals
and Inclusive Development. POST2015/UNU-IAS Policy Brief #5. Tokyo, Japan and Lund Sweden.
Gupta, J., Pahl-Wostl, C., & Zondervan, R. (2013, December). “Glocal” water governance: A multi-level challenge in
the anthropocene. Current Opinion in Environmental Sustainability. Elsevier B.V.
Gupta, J., Pouw, N. R. M., & Ros-Tonen, M. A. F. (2015). Towards an Elaborated Theory of Inclusive Development.
European Journal of Development Research, 27(4), 541–559.
Habtezion, S., Adelekan, I., Aiyede, E., Biermann, F., Fubara, M., Gordon, C., et al. (2015). Earth System Governance
in Africa: Knowledge and capacity needs. Current Opinion in Environmental Sustainability, 14, 198–205.
Hajer, M. A. (1995). The politics of environmental discourse: ecological modernization and the policy process. Oxford,
UK: Clarendon Press.
Hajer, M., Nilsson, M., Raworth, K., Bakker, P., Berkhout, F., de Boer, Y., et al. (2015). Beyond Cockpit-ism: Four
Insights to Enhance the Transformative Potential of the Sustainable Development Goals. Sustainability, 7(2),
1651–1660.
Hall, P. a, & Taylor, R. C. R. (1998). The Potential of Historical Institutionalism: a Response to Hay and Wincott.
Political Studies, XLVI, 958–962.
Hasler, B., Lundhede, T., Martinsen, L., Neye, S., & Schou, J. S. (2005). Valuation of groundwater protection versus
water treatment in Denmark by Choice Experiments and Contingent Valuation. Copenhagen, Denmark.
Hayat, S., & Gupta, J. (2016). Kinds of freshwater and their relation to ecosystem services and human well-being. Water
Policy, 18(5), 1229–1246.
Herman, J., Culver, D., & Salzman, J. (2001). Groundwater ecosystems and the service of water purification. Stanford
Environmental Law Journal, 20, 479–495.
Hills, J., & Welford, R. (2005). Case Study: Coca-Cola and Water in India. Corporate Social Responsibility and

235

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
Environmental Management, 12, 168–177.
Hodgson, G. M. (2006). What are institutions? Journal of Economic Issues, XL(1), 1–25.
Hoekstra, A. Y., & Hung, P. Q. (2002). Virtual water trade: A quantification of vitual water flows between nations in
relation to international crop trade. Delft, Netherlands.
Hoff, H. (2009). Global water resources and their management. Current Opinion in Environmental Sustainability, 1(2),
141–147.
Holm, A., Blodgett, L., Jennejohn, D., & Gawell, K. (2010). Geothermal energy: international market update.
Washington, D.C.: Geothermal Energy Association.
Hoogesteger, J., & Wester, P. (2015). Intensive groundwater use and (in)equity: Processes and governance challenges.
Environmental Science and Policy, 51(2003), 117–124.
Howard, K. W. F. (2015). Sustainable cities and the groundwater governance challenge, 2543–2554.
doi:10.1007/s12665-014-3370-y
Huggenberger, P., Epting, J., Affolter, A., & Zechner, E. (2010). Concepts for transboundary groundwater management
in a region of extensive groundwater use and numerous contaminated sites. In International Conference
“Transboundary Aquifers: Challenges and New Directions” (pp. 1–6). Internationally Shared Aquifer Resources
Management Programme.
Huitema, D., Mostert, E., & Pahl-wostl, C. (2009). Adaptive Water Governance : Assessing the Institutional
Prescriptions of Adaptive ( Co- ) Management from a Governance Perspective and Defining a Research Agenda,
Ecology and Society, 14(1), 26.
Hurlbert, M., & Gupta, J. (2016). Adaptive Governance, Uncertainty, and Risk: Policy Framing and Responses to
Climate Change, Drought, and Flood. Risk Analysis, 36(2), 339–356.
ICPDR. (2010). Groundwater Guidance. http://www.icpdr.org/main/sites/default/files/OM 13 - 3.2 GroundwaterGuidance 2010.pdf. Accessed 5 February 2014.
Immergut, E. M. (1998). The Theoretical Core of the New Institutionalism. Politics & Society, 26(1), 5–34.
International Atomic Energy Agency. (2010). Draft Regional Shared Aquifer Diagnostic Analysis for The Nubian
Sandstone Aquifer System.
International Atomic Energy Agency. (2012). Regional Strategic Action Program for the Nubian Sandstone Aquifer
System.
International Commission for the Protection of the Scheldt. (2005). Scheldt International River Basin District Roof
Report. (F. van Sevencoten, Ed.).
International Court of Justice. (1997). Case concerning the Gabcíkovo-Nagymaros Project. (H. & Solvenia, Ed.). ICJ
Reports.
International Groundwater Resources Assessment Centre. (2004). Global Groundwater Regions.
International Groundwater Resources Assessment Centre. (2015). Global Overview – Groundwater Geographic
Information System (GGIS). http://ggmn.e-id.nl/ggmn/GlobalOverview.html. Accessed December 17 2015.
International Labour Organization. (2015). ILOSTAT Database.
International Law Asssociation. (2002). ILA New Delhi Declaration of Principles of International Law Relating to
Sustainable Development. In The 70th Conference of the International Law Association (pp. 211–216). New
Delhi, India: International Environmental Agreements: Politics, Law and Economics.
International Law Commission 58th Session. (2006). Fragmentation of international law: Difficulties arising from the
diversification and expansion of international law. (M. Koskenniemi, Ed.)Fifty-eighth Session, Geneva, a/cn (Vol.
61077). Geneva, Switzerland: Report of the Study Group of the International Law Commission.
International Law Commission. (2004). Report of the 56th Session -Chapter VI Shared Natural Resources. UN Doc
A/59/10.
International Sava River Basin Commission. (2011a). Draft Sava River Basin Management Plan.
International Sava River Basin Commission. (2011b). Strategy on Implementation of the Framework Agreement on the
Sava River Basin.
International Sava River Basin Commission. (2014). History webpage. http://www.savacommission.org/history.
Accessed 15 February 2014.
International Union for Conservation of Nature. (2009). Information on Groundwater Issues Lacking on the Lower
Mekong Basin.
International Union for Conservation of Nature. (2011). Groundwater in the Mekong Delta.
Jaglin, S. (2002). The right to water versus cost recovery: participation, urban water supply and the poor in sub-Saharan
Africa. Environment and Urbanization, 14(1), 231–245.
James, P., Magee, L., Scerri, A., & Steger, M. (2015). Urban Sustainability in Theory and Practice Circles of

236

REFERENCES
Sustainability. London and New York: Earthscan.
Japan International Cooperation Agency, Department Of Water Affairs, & Ministry Of Agriculture, W. A. R. D. T. R.
O. N. (2002). The Study On The Groundwater Potential Evaluation And Management Plan In The Southeast
Kalahari (Stampriet) Artesian Basin In The Republic Of Namibia Final Report Main Report.
Jarvis, T. (2014). Contesting hidden waters: Conflict resolution for groundwater and aquifers. London and New York:
Routledge.
Jarvis, T., Giordano, M., Puri, S., Matsumoto, K., & Wolf, A. (2005). International borders, ground water flow, and
hydroschizophrenia. Ground water, 43(5), 764–70.
Jenner, B., Flick, U., von Kardoff, E., & Steinke, I. (2004). A companion to qualitative research. Thousand Oaks: Sage.
Jiménez Cisneros, B. E., Oki, T., Arnell, N. W., Benito, G., Cogley, J. G., Döll, P., et al. (2014). Freshwater Resources.
Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution
of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (Vol. 1).
Jordan, A. (1999). Editorial introduction: The construction of a multilevel environmental governance system.
Environment and Planning C: Government and Policy, 17(1), 1–17.
Jordan, A. (2008). The governance of sustainable development: Taking stock and looking forwards. Environment and
Planning C: Government and Policy, 26(1),
Kalf, F. R. P., & Woolley, D. R. (2005). Applicability and methodology of determining sustainable yield in groundwater
systems. Hydrogeology Journal, 13(1), 295–312.
Kanie, N., Betsill, M. M., Zondervan, R., Biermann, F., & Young, O. R. (2012). A charter moment: Restructuring
governance for sustainability. Public Administration and Development, 32(3), 292–304.
Karnani, A. (2014). Corporate Social Responsibility Does Not Avert the Tragedy of the Commons. Case Study: CocaCola India. Economics, Management & Financial Markets, 9(3), 11–33.
Kates, B. R. W., Parris, T. M., & Leiserowitz, A. A. (2005). What is sustainable development? Goals, indicators, and
practice. Environment, 47(3), 8–21.
Katic, P. G., & Grafton, R. Q. (2012). Economic and spatial modelling of groundwater extraction. Hydrogeology
Journal, 20(5), 831–834.
Kemerink, J. S., Ahlers, R., & van der Zaag, P. (2011). Contested water rights in post-apartheid South Africa: The
struggle for water at catchment level. Water SA, 37(4), 585–594.
Kemerink, J. S., Méndez, L. E., Ahlers, R., Wester, P., & Van Der Zaag, P. (2013). The question of inclusion and
representation in rural South Africa: Challenging the concept of water user associations as a vehicle for
transformation. Water Policy, 15(2), 243–257.
Kittrie, O. F. (2003). More Process than Peace: Legitimacy, Compliance, and the Oslo Accords. Michigal Law Review,
101(6), 1161–1714.
Kliot, N., Shmueli, D., & Shamir, U. (2001). Institutions for management of transboundary water resources: Their
nature, characteristics and shortcomings. Water Policy, 3(3), 229–255.
Kløve, B., Ala-Aho, P., Bertrand, G., Gurdak, J. J., Kupfersberger, H., Kværner, J., et al. (2014). Climate change
impacts on groundwater and dependent ecosystems. Journal of Hydrology, 518(Part B), 250–266.
Knigge, L., & Cope, M. (2006). Grounded visualization: integrating the analysis of qualitative and quantitative data
through grounded theory and visualization. Environment and Planning A, 38(11), 2021–2037.
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.
Knüppe, K., & Pahl-Wostl, C. (2013). Requirements for adaptive governance of groundwater ecosystem services:
insights from Sandveld (South Africa), Upper Guadiana (Spain) and Spree (Germany). Regional Environmental
Change, 13(1), 53–66.
Konikow, L. F. (2011). Contribution of global groundwater depletion since 1900 to sea-level rise. Geophysical Research
Letters, 38(17), L17401.
Konrad-Adenauer-Stiftung, & Namibia Institute for Democracy. (2004). Who should own the land? Analysis and views
on land reform and the land question in Namibia and South Africa.
Kooiman, J., & Chuenpagdee, R. (2005). Governance and governability. Fish for life: Interactive governance for
fisheries, 325–349.
Kooiman, J., & Jentoft, S. (2009). Meta-governance: Values, norms and principles, and the making of hard choices.
Public Administration, 87(4), 818–836.
Kornfeld, I. E. (2009). Mesopotamia: a history of water and law. In The Evolution of the Law and Politics of Water (pp.
21–36). Springer.
Koskenniemi, M., & Leino, P. (2002). Fragmentation of International Law? Postmodern Anxieties. Leiden Journal of

237

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
International Law, 15(3), 553–579.
Koundouri, P. (2004). Current issues in the economics of groundwater resource management. Journal of Economic
Surverys, 18(5), 703–740.
Krasner, S. D. (1982). Structural causes and regime consequences: regimes as intervening variables. International
Organization, 36(2), 185.
Krippendorff, K. (2012). Content analysis: An introduction to its methodology (3rd ed.). Los Angeles, London, New
Delhi, Singapore: Sage Publications.
Kwan, M.-P., & Ding, G. (2008). Geo-Narrative: Extending Geographic Information Systems for Narrative Analysis in
Qualitative and Mixed-Method Research∗. The Professional Geographer, 60(4), 443–465.
La Porta, R., Lopez-de-Silanes, F., & Shleifer, A. (2008). The Economic Consequences of Legal Origins. Journal of
Economic Literature, 46(2), 285–332.
Lambooy, T. (2011). Corporate social responsibility: sustainable water use. Journal of Cleaner Production, 19(8), 852–
866.
Lapworth, D. J., Baran, N., Stuart, M. E., & Ward, R. S. (2012). Emerging organic contaminants in groundwater: A
review of sources, fate and occurrence. Environmental Pollution, 163, 287–303.
Lautze, J., & Giordano, M. (2006). Equity in Transboundary Water Law : Valuable Paradigm or Merely Semantics ?
Colo. J. Int’l Envtl. L. & Pol’y, 17(1), 89–122.
Lefébure, A. (2012). Challenges And Successes In The Implementation Of The WFD And The Achievement Of The
Good Status Objective: Experience From Western Europe: The Case Of The International Scheldt Commission. In
World Water Forum. Marseille, France.
Lele, S. M. (1991). Sustainable Development: A Critical Review. World Development, 19(6), 607–621.
Lenzen, M., Moran, D., Bhaduri, A., Kanemoto, K., Bekchanov, M., Geschke, A., & Foran, B. (2013). International
trade of scarce water. Ecological Economics, 94, 78–85.
Levy, M. A., Morel, A. C., Adamo, S. B., Barr, J., McMullen, C. P., Dietz, T., et al. (2012). Part 1: State and Trends of
the Environment. In Global Environmental Outlook 5 - Environment for the Future We Want (pp. 1–215).
Valletta, Malta: United Nations Environment Programme.
Linton, J., & Brooks, D. (2011). Governance of transboundary aquifers: New challenges and new opportunities. Water
International, 36(5), 606–618.
Llamas, M. R., & Martínez-Santos, P. (2005). Intensive groundwater use: A silent revolution that cannot be ignored.
Water Science and Technology. 51(8), 167-174.
Llamas, M. R., Back, W., & Margat, J. (1992). Groundwater Use: Equilibrium Between Social Benefits And Potential
Environmental Costs. Hydrogeology Journal, 1(2), 3–14.
Lopez-Gunn, E. (2003). The Role of Collective Action in Water Governance: A Comparative Study of Groundwater
User Associations in La Mancha Aquifers in Spain. Water International, 28(3), 367–378.
López-Gunn, E. (2012). Groundwater governance and social capital. Geoforum, 43(6), 1140–1151.
Lopez-Gunn, E., & Cortina, L. M. (2006). Is self-regulation a myth? Case study on Spanish groundwater user
associations and the role of higher-level authorities. Hydrogeology Journal, 14(3), 361–379.
MacDonald, A. M., & Calow, R. C. (2009). Developing groundwater for secure rural water supplies in Africa.
Desalination, 248(1–3), 546–556.
Macdonald, A. M., & Davies, J. (2000). A brief review of groundwater for rural water supply in sub-Saharan. British
Geological Survey Technical Report WC/00/33. Nottingham.
Machard de Gramont, H., Noel, C., Oliver, J. L., Pennequin, D., Rama, M., & Stephan, R. M. (2011). Towards a Joint
Management of Transboundary Aquifer Systems. Paris, France: Agence Française deDeveloppement.
Madani, K., & Dinar, A. (2012). Cooperative institutions for sustainable common pool resource management:
Application to groundwater. Water Resources Research, 48(9), W09553.
Madani, K., & Dinar, A. (2013). Exogenous regulatory institutions for sustainable common pool resource management:
Application to groundwater. Water Resources and Economics, 2–3, 57–76.
Madey, D. L. (1982). Some Benefits of Integrating Qualitative and Quantitative Methods in Program Evaluation, with
Illustrations. Educational Evaluation and Policy Analysis, 4(2), 223–236.
Malakootian, M., & Nouri, J. (2010). Chemical variations of ground water affected by the earthquake in bam region.
International Journal of Environmental Research, 4(3), 443–454.
Malinowski, B. (1926). Crime and custom in savage society. Totowa, New Jersey: Rowman & Littlefield.
Margat, J., & van der Gun, J. (2013). Groundwater around the world: a geographic synopsis. Leiden, Netherlands: CRC
Press/Balkema.
Marks, G., & Hooghe, L. (2004). Contrasting Visions of Mulit-level Governance. In I. Bache & M. V. Flinders (Eds.),

238

REFERENCES
Multi-Level Governance (pp. 15–30). Oxford, UK: Oxford University Press.
Marson, M., & Savin, I. (2015). Ensuring sustainable access to drinking water in Sub Saharan Africa: Conflict between
financial and social objectives. World Development, 76(October 2014), 26–39.
Maxwell, J. A. (2012). Qualitative Research Design: An Interactive Approach: An Interactive Approach. Thousand
Oaks: Sage.
Mayring, P. (2000). Qualitative Content Analysis. Forum: Qualitative Social Research, 1(2), 1–10.
McCaffrey, S. C. (1987). Third report on the law of the non-navigational uses of international watercourses, II(1),
A/CN.4/406 and Corr.1 and Add.1 & 2 Third.
McCaffrey, S. C. (1992). A Human Right to Water: Domestic and International Implications. The Georgetown
International Envrionmental Law Review, 5(1), 1–24.
McCaffrey, S. C. (2009). The International Law Commission Adopts Draft Articles on Transboundary Aquifers.
American Journal of International Law, 103(2), 272–293.
McCaffrey, S. C. (2011). The International Law Commission’s flawed Draft Articles on the Law of Transboundary
Aquifers: the way forward. Water International, 36(5), 566–572.
McCusker, B., Moseley, W. G., & Ramutsindela, M. (2015). Land reform in South Africa: an uneven transformation.
Rowman & Littlefield.
McIntyre, O. (2006). Role of Customary Rules and Principles of International Environmental Law in the Protection of
Shared International Freshwater Resources, The. Natural Resources Journal, 46, 157–210.
McIntyre, O. (2011). International Water Resources Law and the International Law Commission Draft Articles on
Transboundary Aquifers: A Missed Opportunity for Cross-Fertilisation? International Community Law Review,
13(3), 237–254.
McIntyre, O. (2012). The human right to water as a creature of global administrative law. Water International, 37(6),
654–669.
McIntyre, O. (2013). Utilization of shared international freshwater resources – the meaning and role of “equity” in
international water law. Water International, 38(2), 112–129.
Meadowcroft, J. (2000). Sustainable Development: a New(ish) Idea for a New Century? Political Studies, 48(2), 370–
387.
Mechlem, K. (2003). International groundwater law: towards closing the gaps? Yearbook of international environmental
Law, 14, 47–80.
Mechlem, K. (2011). Past, Present and Future of the International Law of Transboundary Aquifers. International
Community Law Review, 13(3), 209–222.
Mechlem, K. (2016). Groundwater Governance: The Role of Legal Frameworks at the Local and National Level—
Established Practice and Emerging Trends. Water, 8(8), 347.
Mechlem, K., & Burchi, S. (2005). Groundwater in International Law: Compilation of Treaties and Other Legal
Instruments (Vol. 86). Food & Agriculture Org.
Megdal, S. B., Gerlak, A. K., Varady, R. G., & Huang, L. Y. (2015). Groundwater Governance in the United States:
Common Priorities and Challenges. Groundwater, 53(5), 677–684.
Meijerink, S. V. (1999). Conflict and cooperation on the Scheldt River Basin: a case study of decision making on
international Scheldt issues between 1967 and 1997. Dordrecht, Netherlands: Springer Science & Business Media.
Meinzer, O. E. (1923). Outline of ground-water hydrology. US Geology Survey Water Supply, 8.
Mekong River Commission for Sustainable Development. (2010). 15 Years of Cooperation for Sustainable
Development 1995-2010.
Mekong River Commission for Sustainable Development. (2012). MRC Work Programme 2012.
Mekong River Commission for Sustainable Development. (2016). Upstream Partners.
http://www.mrcmekong.org/about-mrc/upstream-partners/. Accessed 30 December 2016
Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook. Beverly Hills, CA: Sage.
Millennium Ecosystem Assessment. (2005). Ecosystems and human well-being (Vol. 5). Island Press Washington, DC.
Mirosa, O., & Harris, L. M. (2012). Human Right to Water: Contemporary Challenges and Contours of a Global Debate.
Antipode, 44(3), 932–949.
Mirumachi, N., & Allan, J. A. (2007). CAIWA International Conference on Adaptive and Integrated Management:
Coping with Scarcity. In Revisiting Transboundary Water Governance: Power, Conflict, Cooperation and the
Political Economy. Basel, Switzerland.
Mitchell, R. B. (2002). A Quantitative Approach to Evaluating International Environmental Regimes. Global
Enviromental Politics, 2(4), 58–83.
Moench, M. (2003). Groundwater and poverty: exploring the connections. In R. Llamas & E. Custodio (Eds.), Intensive
use of groundwater: Challenges and opportunities (pp. 441–456). Lisse, The Netherlands: A.A. Balkema.

239

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
Molle, F. (2008). Nirvana concepts, narratives and policy models: Insights from the water sector. Water Alternatives,
1(1), 131–156.
Monmonier, M. S. (1996). How to Lie with Maps 2nd Edition. Chicago, IL: University of Chicago Press.
Mooney, H. A., Ehrlich, P. R., & Daily, G. E. (1997). Ecosystem services: a fragmentary history. In G. C. Daily (Ed.),
Nature’s Services: societal dependence on natural ecosystems (pp. 11–19). Washington, D.C.: Island Press.
Morgan, D. L. (2007). Paradigms Lost and Pragmatism Regained: Methodological Implications of Combining
Qualitative and Quantitative Methods. Journal of Mixed Methods Research, 1(1), 48–76.
Morin, J.-F., & Orsini, A. (2013). Insights from Global Environmental Governance. International Studies Review, 15(4),
562–589.
Moss, T., & Newig, J. (2010). Multilevel water governance and problems of scale: Setting the stage for a broader
debate. Environmental Management, 46(1), 1–6.
Mosse, D. (2010). A Relational Approach to Durable Poverty, Inequality and Power. Journal of Development Studies,
46(7), 1156–1178.
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.
Mwangi, W., & Wagner, L. M. (2010). Be Careful What You Compromise For: Postagreement Negotiations within the
UN Desertification Convention. International Negotiation, 15(3), 439–458.
Nádor, A., & Lapanje, A. (2010). Transboundary geothermal resources of the Mura-Zala basin. Eur Geol, 29, 24–27.
Nahlik, A. M., Kentula, M. E., Fennessy, M. S., & Landers, D. H. (2012). Where is the consensus? A proposed
foundation for moving ecosystem service concepts into practice. Ecological Economics, 77, 27–35.
Namibia Statistics Agency. (2010). Namibia Household Income & Expenditure Survey ( NHIES ) 2009 / 2010 Namibia
Household Income & Expenditure Survey ( NHIES ) 2009 / 2010, 229.
Nastev, M., Lamontagne, C., R.Morin, Tremblay, T., Hardy, F., Lamothe, M., et al. (n.d.). Hydrogeology of the
Transboundary Sedimentary Rock Aquifers in the Chateauguay River Basin, Canada-United States.
National Groundwater Association. (2010). Unconfined or water table aquifers. Groundwater Fundamentals.
http://www.ngwa.org/fundamentals/hydrology/pages/unconfined-or-water-table-aquifers.aspx. Accessed 10 June
2015.
National Statistics Agency Namibia. (2012). National Housing and Population Census Results for 2011. Windhoek,
Namibia.
Nelson, R. L. (2012). Assessing local planning to control groundwater depletion: California as a microcosm of global
issues. Water Resources Research, 48(1), W01502.
Newig, J., & Fritsch, O. (2009). Environmental governance: Participatory, multi-level - And effective? Environmental
Policy and Governance, 19(3), 197–214.
Ngatcha, B. N. (2009). Water Resources Protection in the Lake Chad Basin in the Changing Environment. European
Water, 25(26), 3–12.
Nobles, R., & Schiff, D. (2012). Using Systems Theory to Study Legal Pluralism: What Could Be Gained? Law &
Society Review, 46(2), 265–296.
Nonner, J. C. (2010). Introduction to Hydrogeology (2nd Editio.). Delft, Netherlands: Unesco-IHE Delft Lecture Note
Series.
Norman, E. S. (2014). From supranation to intertribal: transboundary governance at different scales. In Governing
Transboundary Waters: Canada, the United States, and Indigenous communities (pp. 43–78). Routledge.
Norman, E. S., & Bakker, K. (2009). Transgressing Scales: Water Governance Across the Canada–U.S. Borderland.
Annals of the Association of American Geographers, 99(1), 99–117.
Norman, E. S., & Melious, J. O. (2004). Transboundary environmental management: A study of the Abbotsford-Sumas
aquifer in British Columbia and western Washington. Journal of Borderlands Studies, 19(2), 101–119.
Nuijten, M. (2004). Governance in action. In Globalization and development (pp. 103–130). Netherlands: Springer.
Obani, P., & Gupta, J. (2014). Legal pluralism in the area of human rights: water and sanitation. Current Opinion in
Environmental Sustainability, 11, 63–70.
Obani, P., & Gupta, J. (2015). The Evolution of the Right to Water and Sanitation: Differentiating the Implications.
Review of the European Community and International Environmental Law, 24(1), 27–39.
Onwuegbuzie, A. J., & Leech, N. L. (2005). On Becoming a Pragmatic Researcher: The Importance of Combining
Quantitative and Qualitative Research Methodologies. International Journal of Social Research Methodology,
8(5), 375–387.
Oregon State University. (2015). International Freshwater Treaty Database.
http://www.transboundarywaters.orst.edu/database/interfreshtreatdata.html. Accessed 5 October 2014

240

REFERENCES
Ostrom, E. (1990). Governing the commons: The evolution of institutions for collective action. New York, NY:
Cambridge University Press.
Oxfam. (2014). Even it up.
Pahl-Wostl, C., Gupta, J., & Petry, D. (2008). Governance and the Global Water System : A Theoretical Exploration.
Global Governance, 14(4), 419–435.
Pahl-Wostl, C., Holtz, G., Kastens, B., & Knieper, C. (2010). Analyzing complex water governance regimes: The
Management and Transition Framework. Environmental Science and Policy, 13(7), 571–581.
Paterson, M., Humphreys, D., & Pettiford, L. (2003). Conceptualizing Global Environmental Governance: From
Interstate regimes to Counter-Hegemonic struggles. Global Environmental Politics, 3(2), 1–10.
Pearce, D. W., Markandya, A., & Barbier, E. (1989). Blueprint for a green economy (Vol. 1). Earthscan.
Pearce, F. (2012, December). Grabbing Water From Future Generations. National Geographic.
Peters, E., Van Lanen, H. a J., Torfs, P. J. J. F., & Bier, G. (2005). Drought in groundwater - Drought distribution and
performance indicators. Journal of Hydrology, 306, 302–317.
Phillips, L. (2016). The current status and future of land reform in South Africa: by invitation. Farmer’s Weekly,
2016(16009), 6–7.
Plano Clark, V. L., Creswell, J. W., O’Meil Green, D., & RJ, S. (2010). Mixing quantitative and qualitative approaches:
An introduction to emergent mixed methods research. In S. N. Hesse-Biber & P. Leavy (Eds.), Handbook of
Emergent Methods (pp. 363–387). New York: Guilford Press.
Prakash, A., & Ballabh, V. (2005). A Win-Some Loose-All Game: Social Differentiation and Politics of Groundwater
Markets in North Gujarat. In D. Roth, R. Boelens, & M. Zwarteveen (Eds.), Liquid relations: contested water
rights and legal complexity (pp. 172–194). Rutgers University Press.
Priyantha Ranjan, S., Kazama, S., & Sawamoto, M. (2006). Effects of climate and land use changes on groundwater
resources in coastal aquifers. Journal of Environmental Management, 80(1), 25–35.
Provencher, B., & Burt, O. (1993). The Externalities Associated with the Common Property Exploitation of
Groundwater. Journal of Environmental Economics and Management, 24(2), 139–158.
Puckett, L. J., Cowdery, T. K., McMahon, P. B., Tornes, L. H., & Stoner, J. D. (2002). Using chemical, hydrologic, and
age dating analysis to delineate redox processes and flow paths in the riparian zone of a glacial outwash aquiferstream system. Water Resources Research, 38(8), 9-1-9–20.
Qureshi, M. E., Reeson, a, Reinelt, P., Brozovic, N., & Whitten, S. (2012). Factors determining the economic value of
groundwater. Hydrogeology Journal, 20(5), 821–829.
Ragin, C. C. (2014). The comparative method: Moving beyond qualitative and quantitative strategies. Univ of
California Press.
Rahaman, M. M., Varis, O., & Kajander, T. (2004). EU Water Framework Directive vs. Integrated Water Resources
Management: The Seven Mismatches. International Journal of Water Resources Development, 20(4), 565–575.
Ravitch, S. M., & Riggan, M. (2011). Reason & rigor: How conceptual frameworks guide research. Thousand Oaks,
London, New Dehli, Singapore: Sage.
Raworth, K. (2012). A Safe and Just Space For Humanity: Can we live within the Doughnut? Nature, 461, 1–26.
Raworth, K. (2013). Defining a safe and just space for humanity. In State of the World 2013 (pp. 28–38). Springer.
Region Alsace. (2014). Rhine Groundwater and Groundwater Quality Webpage. http://www.regionalsace.eu/article/nappe-phreatique-rhenane-et-qualite-des-eaux-souterraines. Accessed 21 February 2014.
Rieu-Clarke, A. (2000). Reflections on the normative prescription of sustainable development in recent transboundary
water treaty practice. Water international, 25(4), 572–579
Rieu-Clarke, A., Moynihan, R., & Magsig, B. (2012). UN Watercourses Convention User’s Guide. Dundee, Scotland:
IHP-HELP Centre for Water Law, Policy and Sciences (under the auspices of UNESCO).
Robson, C. (2011). Real world research: a resource for users of social research methods in applied settings. Chichester,
UK: Wiley.
Rockström, J., & Karlberg, L. (2010). The quadruple squeeze: Defining the safe operating space for freshwater use to
achieve a triply green revolution in the anthropocene. Ambio, 39(3), 257–265.
Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin III, F. S., Lambin, E. F., et al. (2009). A safe operating space
for humanity. Nature, 461(24), 472–475.
Rodell, M., Velicogna, I., & Famiglietti, J. S. (2009). Satellite-based estimates of groundwater depletion in India.
Nature, 460(7258), 999–1002.
Rodwan, J. G. J. (2015). Bottled Water 2014: Reinvigoration, US and international developments and statistics. Bottled
Water Reporter, Jul/Aug, 11–19.
Rogers, P., & Hall, A. W. (2013). Effective Water Governance (Background.). Global Water Partnership Technical
Committee (TEC).

241

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
Rogers, P., Bhatia, R., & Huber, A. (1998). Water as a social and economic good: How to put the principle into
practice. Global Water Partnership/Swedish International Development Cooperation Agency Stockholm, Sweden.
Rojstaczer, S., & Wolf, S. (1992). Permeability changes associated with large earthquakes: An example from Loma
Prieta, California. Geology, 20(3), 211–214.
Rolfe, J. (2010). Valuing reductions in water extractions from groundwater basins with benefit transfer: The Great
Artesian Basin in Australia. Water Resources Research, 46(6), W06301.
Rulli, M. C., Saviori, A., & D’Odorico, P. (2013). Global land and water grabbing. Proceedings of the National
Academy of Sciences of the United States of America, 110(3), 892–7.
Sachs, I. (2004). Inclusive Development Strategy in an Era of Globalization (No. 35). Geneva, Switzerland.
Sahara Sahel Observatory, & Global Environmental Facility. (2008). Management of Hydrologic Risks of the
Iullemeden Aquifer System Scientific Report.
Sahara Sahel Observatory. (2008). The North-western Sahara Aquifer System – Concerted Management of a
Transboundary Water Basin (Synthesis.).
Salman, S. M. A. (2007). The United Nations watercourse convention ten years later: why has its entry into force proven
diffecult? Water International, 32(1), 1–15.
Sand, P. H. (2004). Sovereignty bounded: public trusteeship for common pool resources? Global Environmental
Politics, 4(1), 47–71.
Sands, P., & Peel, J. (2012). Principles of international environmental law. New York, NY: Cambridge University
Press.
Saunier, R. E., & Meganck, R. A. (2012). Dictionary and introduction to global environmental governance. Earthscan.
Savenije, H. H. G., & van der Zaag, P. (2002). Water as an Economic Good and Demand Management Paradigms with
Pitfalls. Water International, 27(1), 98–104.
ScaldWIN. (2009). Work Package 3. http://www.scaldwin.org/project-NL/stand-van-zaken/wp-3/2009/. Accessed 21
February 2014.
Scheumann, W. (2008). Conceptualizing cooperation on Africa’s transboundary groundwater resources. (W.
Scheumann & E. Herrfahrdt-Pähle, Eds.)Conceptualizing Cooperation on Africa’s Transboundary Groundwater
Resources. Bonn, Germany: German Development Institute.
Schmidt, V. A. (2008). Discursive Institutionalism: The Explanatory Power of Ideas and Discourse. Annual Review of
Political Science, 11(1), 303–326.
Schreiner, B. (2013). Why Has the South African National Water Act Been so Difficult to Implement? Water
Alternatives, 6(2), 239–245.
Schubert, S., & Gupta, J. (2013). Comparing global coordination mechanisms on energy, environment, and water.
Ecology and Society, 18(2).
Sebastian, A. G., & Warner, J. (2013). Geopolitical drivers of foreign investment in African land and water resources.
African Identities, (July 2015), 1–18.
Shah, T. (2000). Mobilising social energy against environmental challenge: understanding the groundwater recharge
movement in western India. Natural Resources Forum, 24(3), 197–209.
Shah, T. (2009). Taming the anarchy: Groundwater governance in South Asia. Washington, D.C.: Resources for the
Future.
Shah, T., Giordano, M., & Mukherji, A. (2012). Political economy of the energy-groundwater nexus in India: exploring
issues and assessing policy options. Hydrogeology Journal, 20(5), 995–1006.
Siebert, S., & Burke, J. (2010). Groundwater use for irrigation–a global inventory. Hydrology and Earth System
Sciences Discussions, 14(10), 1863–1880.
Sindico, F. (2011). The Guarani Aquifer System and the International Law of Transboundary Aquifers. International
Community Law Review, 13(3), 255–272.
Skjærseth, J. B., Stokke, O. S., & Wettestad, J. (2006). Soft Law, Hard Law, and Effective Implementation of
International Environmental Norms. Global Environmental Politics, 6(3), 104–120.
Söderbaum, P., & Tortajada, C. (2011). Perspectives for water management within the context of sustainable
development. Water International, 36(7), 812–827.
Solanes, M., Gonzalez-Villarreal, F., & others. (1999). The Dublin principles for water as reflected in a comparative
assessment of institutional and legal arrangements for integrated water resources management. Global Water
Partnership Technical Advisory Committee.
Sophocleous, M. (2000). From safe yield to sustainable development of water resources—the Kansas experience.
Journal of Hydrology, 235(1–2), 27–43.
Southern African Development Community. (2015-a). History and Treaty. http://www.sadc.int/aboutsadc/overview/history-and-treaty/. Accessed 5 May 2015.

242

REFERENCES
Southern African Development Community. (2015-b). Water webpage. http://www.sadc.int/themes/naturalresources/water/. Accessed 5 May 2015.
Spijkers, O. (2016). The Cross-fertilization between the Sustainable Development Goals and International Water Law.
Review of European, Comparative & International Environmental Law, 25(1), 39–49.
Statistics Canada. (2011). Envirostats – Spring 2011.
Stephan, R. (2011). The Draft Articles on the law of Transboundary Aquifers: the process at the UN ILC. International
Community Law Review, 13(3), 223–235.
Stevens, C., & Kanie, N. (2016). The transformative potential of the Sustainable. International Environmental
Agreements: Politics, Law and Economics, 16(3), 393–396.
Sugg, Z. P., Varady, R. G., Gerlak, A. K., & de Grenade, R. (2015). Transboundary groundwater governance in the
Guarani Aquifer System: reflections from a survey of global and regional experts. Water International, 40(3),
377–400.
Swatuk, L. a. (2008). A political economy of water in Southern Africa. Water Alternatives, 1(1), 24–47.
Swatuk, L. a. (2010). The State and Water Resources Development through the Lens of History : A South African Case
Study, 3(3), 521–536.
Tamanaha, B. Z. (2011). The Rule of Law and Legal Pluralism in Development. Hague Journal on the Rule of Law,
3(1), 1–17.
Tanzi, A. (2010). Reducing the gap between international water law and human rights law: the UNECE Protocol on
Water and Health. International Community Law Review, 12(3), 267–285.
Tanzi, A. (2011). Furthering International Water Law or Making a New Body of Law on Transboundary Aquifers-An
Introduction. Int’l Comm. L. Rev., 13(3), 193–208.
Tarlock, D. A. (1985). An Overview of the Law of Groundwater Management. Water Resources Research, 21(11),
1751–1766.
Tarlock, D. A. (2004). National water law: the foundations of sustainable water use. Journal of Water Law, 15(3–4),
120–126.
Taylor, R., Scanlon, B., & Döll, P. (2013). Ground water and climate change. Nature Climate Change, 3(4), 322–329.
Teddlie, C., & Tashakkori, A. (2009). Foundations of mixed methods research: Integrating quantitative and qualitative
approaches in the social and behavioral sciences. Thousand Oaks, California: Sage Publications Inc.
The Secretariate of the Convention on Wetlands. (2017). The List of Wetlands of International Importance. Geneva,
Switzerland.
The Secretariate of the Convention on Wetlands. (n.d.). Ramsar Sites Criteria. Geneva, Switzerland.
Thondhlana, G., Shackleton, S., & Muchapondwa, E. (2011). Kgalagadi Transfrontier Park and its land claimants: a preand post-land claim conservation and development history. Environmental Research Letters, 6(2), 24009.
Tongco, M. D. C. (2007). Purposive Sampling as a Tool for Informant Selection. Ethnobotany Research & Applications,
5, 147–158.
Toth, J. (1963). A theoretical analysis of groundwater flow in small drainage basins. Journal of Geophysical Research,
68(16), 4795–4812.
Transenergy. (2014). Transenergy – Transboundary Geothermal Energy Resources of Slovenia, Austria, Hungary and
Slovakia Web Page. http://transenergy-eu.geologie.ac.at/. Accessed 12 March 2014.
Tsur, Y., & Graham-Tomasi, T. (1991). The buffer value of groundwater with stochastic surface water supplies. Journal
of Environmental Economics and Management, 21(3), 201–224.
Tufte, E. (2001). The Visual Display of Quantitative Information (Vol. 2). Cheshire Connecticut: Graphics Press.
Tuinhof, A., Heederik, J. P., van der Valk, M., & Olsthoorn, T. (2006). Introduction. In T. Appelo (Ed.), Arsenic in
Groundwater - A World Problem (pp. 1–3). Utrecht, Netherlands: Netherlands National Committee of the IHA.
UN-ESCWA and BGR [United Nations Economic and Social Commission for Western Asia & Bundesanstalt für
Geowissenschaften und Rohstoffe]. (2013). Inventory of Shared Waters in Western Asia. Beruit, Lebanon.
UN-Water. (2013). Water Security and the Global Water Agenda. UN -Water Analytical Brief. United Nations
University. doi:10.1016/0022-1694(68)90080-2
UN-Water. (2016). Water and Sanitation Interlinkages across the 2030 Agenda for Sustainable Development. Geneva,
Switzerland.
United Nations Charter. (1945). United Nations Charter. (1 UNTS Xvi, Ed.). 26 June 1945, entered into force 24
October 1945.
United Nations Economic and Social Council. (2003). General Comment No. 15: The Right to Water (Arts. 11 and 12 of
the Covenant). UN Committee on Economic, Social and Cultural Rights (CESCR).
United Nations Economic Commission for Europe. (1999). Protocol on Water and Health to the 1992 Convention on
the Protection and Use of Transboundary Watercourses and International Lakes. 17 June 1999, entered into force

243

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
4 August 2005.
United Nations Economic Commission for Europe. (2003). Amendments to Articles 25 and 26 of the Convention on the
Protection and Use of Transboundary Watercourses and International Lakes.
United Nations Educational Scientific and Cultural Organization. (2014). Groundwater Resources Governance in
Transboundary Aquifers Case Study Kalahari-Karoo / Stampriet Aquifer (Botswana, Namibia, South Africa)
Project Document.
United Nations Environment Programme, & Global Environmental Alert Service. (2012). A Glass Half Empty: Regions
at Risk Due to Groundwater Depletion. Environmental Development, 2, 117–127.
United Nations General Assembly. (1963). Permanent Sovereignty over Natural Resources. (GA Res 1803 (XVII) &
UN GAOR Supp (No.17), Eds.) (reprinted.). UN Doc A/5217.
United Nations. (2002). Report of the World Summit on Sustainable Development. World Summit on Sustainable
Development 2002 (Vol. 26). United Nations New York, New York, USA.
UNU-IHDP, & UNEP. (2012). Inclusive Wealth Report 2012: Measuring progress towards sustainability. Cambridge:
Cambridge University Press.
van der Gun, J., Aureli, A., & Merla, A. (2016). Enhancing Groundwater Governance by Making the Linkage with
Multiple Uses of the Subsurface Space and Other Subsurface Resources. Water, 8(6), 222.
van der Gun, J., Vasak, S., & Reckman, J. W. T. M. (2011). Geography of the World’s Groundwater: a Heirarchical
Approach to Scale-Dependent Zoning. In J. A. A. Jones (Ed.), Sustaining Groundwater Resources: A Critical
Element in the Global Water Crisis (pp. 131–158). Dordrecht, Netherlands: Springer.
van der Zaag, P. (2005). Integrated Water Resources Management: Relevant concept or irrelevant buzzword? A capacity
building and research agenda for Southern Africa. Physics and Chemistry of the Earth, 30(11–16 SPEC. ISS.),
867–871.
van Koppen, B., & Jha, N. (2005). Redressing racial inequities through water law in South Africa, interactions and
contest among legal frameworks. In Liquid relations: contested water rights and legal complexity (pp. 195–214).
Van Koppen, B., Giordano, M., Butterworth, J., Mapedza, E. (2007). Community-based Water Law and Water Resource
Management Reform in Developing Countries: Rationale, Contents and Key Messages. Community-based Water
Law and Water Resource Management Reform in Developing Countries, 5, 336.
van Steenbergen, F. (2006). Promoting local management in groundwater. Hydrogeology Journal, 14(3), 380–391.
Van Steenbergen, F., & Shah, T. (2003). Rules rather than rights: Self-regulation in intensively used groundwater
systems. In Intensive use of groundwater: Challenges and opportunities (pp. 241–256). Balkema Lisse, The
Netherlands.
Varady, R. G., van Weert, F., Megdal, S. B., Gerlak, A. K., Abdalla Iskandar, C., & House-Peters, L. (2013). Thematic
Paper No. 5: Groundwater Policy and Governance. Groundwater Goverance: A Global Framework for Country
Action GEF ID 3726.
Varady, R. G., Weert, F. van, Megdal, S. B., Gerlak, A., Iskandar, C. A., & House-Peters, L. (2012). Groundwater
Governance : A Global Framework for Country Action.
Villar, P. C., & Ribeiro, W. C. (2011). The Agreement on the Guarani Aquifer: a new paradigm for transboundary
groundwater management? Water International, 36(5), 646–660.
Villholth, K. G., Tøttrup, C., Stendel, M., & Maherry, A. (2013). Integrated mapping of groundwater drought risk in the
Southern African Development Community (SADC) region. Hydrogeology Journal, 21, 863–885.
Vogler, J. (2003). Taking Institutions Seriously: How Regime Analysis can be Relevant to Multilevel Environmental
Governance. Global Environmental Politics, 3(2), 25–39.
Vörösmarty, C. J., Green, P., Salisbury, J., & Richard B. Lammers. (2000). Global Water Resources: Vulnerability from
Climate Change and Population Growth. Science, 289(5477), 284–288.
Vörösmarty, C. J., Hoekstra, A. Y., & Bunn, S. E. (2015). What scale for water governance ? Science, 349(6247), 478–
479.
Wada, Y., & Heinrich, L. (2013). Assessment of transboundary aquifers of the world—vulnerability arising from human
water use. Environmental Research Letters, 8(2), 24003.
Wada, Y., Van Beek, L. P. H., Sperna Weiland, F. C., Chao, B. F., Wu, Y. H., & Bierkens, M. F. P. (2012). Past and
future contribution of global groundwater depletion to sea-level rise. Geophysical Research Letters, 39(9), 1–6.
Wada, Y., Van Beek, L. P. H., Van Kempen, C. M., Reckman, J. W. T. M., Vasak, S., & Bierkens, M. F. P. (2010).
Global depletion of groundwater resources. Geophysical Research Letters, 37(20), L20402.
Wada, Y., Wisser, D., & Bierkens, M. F. P. (2013). Global modeling of withdrawal, allocation and consumptive use of
surface water and groundwater resources. Earth System Dynamics Discussions, 4(1), 355–392.
Wallace, K. J. (2007). Classification of ecosystem services: Problems and solutions. Biological Conservation, 139(3–4),
235–246.

244

REFERENCES
Walton, W. C. (1970). Groundwater Resource Evaluation (Series in., Vol. 664). New York: McGraw-Hill.
Ward, T. (2011). The Right to Free, Prior, and Informed Consent: Indigenous Peoples’ Participation Rights within
International Law. Northwestern University Journal of International Human Rights, 10(2), 54–84.
Water Authority of the State of Israel. (2009). The Issue of Water between Israel and the Palestinians.
http://siteresources.worldbank.org/INTWESTBANKGAZA/Resources/IsraelWaterAuthorityresponse.pdf,
Accessed 21 February 2014.
Weert, F. van, Gun, J. van der, & Reckman, J. (2009). Global Overview of Saline Groundwater Occurrence and
Genesis. Utrecht, Netherlands: International Groundwater Resources Assessment Centre.
Werner, W. (2001). Land reform and poverty alleviation: Experiences from Namibia. In Land Reform and Poverty
Alleviation in Southern Africa (p. 21).
Wester, P., Hoogesteger, J., & Vincent, L. (2009). Local IWRM organizations for groundwater regulation: The
experiences of the Aquifer Management Councils (COTAS) in Guanajuato, Mexico. Natural Resources Forum,
33(1), 29–38.
WHYMAP. (2008). Groundwater Resources of the World. (W. S. and A. Richts, Ed.). Hannover, Germany: BGR and
UNESCO.
Wiek, A., & Larson, K. L. (2012). Water, People, and Sustainability-A Systems Framework for Analyzing and
Assessing Water Governance Regimes. Water Resources Management, 26(11), 3153–3171.
Wijnen, M., Augeard, B., Hiller, B., Ward, C., & Huntjens, P. (2012). Managing the Invisible: Understanding and
Improving Groundwater Governance. Washington, D.C.
Wohlwend, B. (2002). An Overview Of Groundwater In International Law A Case Study: The Franco-Swiss Genevese
Aquifer. In Harmonization of Diverging Interests in the Use of Shared Water Resources. Beruit, Lebanon: United
Nations Economic and Social Commission for Western Asia in cooperation with the German Technical
Cooperation.
World Bank Group. (2016). Private Participation in Infrastructure Database.
http://ppi.worldbank.org/snapshots/sector/water-and-sewerage. Accessed 30 September 2016
World Commission on Environment and Development. (1987). Our common future. New York, NY: Oxford University
Press.
World Health Organization. (2012). Arsenic - Fact Sheet N°372. http://www.who.int/mediacentre/factsheets/fs372/en/.
Accessed 8 December 2016
World Health Organization. (2016). Water and sanitation are still a luxury for millions of Europeans.
http://www.euro.who.int/en/health-topics/environment-and-health/water-and-sanitation/water-and-sanitation.
Accessed 8 December 2016
Wouters, P., Vinogradov, S., Allan, A., Jones, P., & Rieu-clarke, A. (2005). Sharing Transboundary Waters An
Integrated Assessment of Equitable Entitlement: The Legal Assessment Model (Vol. Technical). Paris, France.
Yamada, C. (2011). Codification of the Law of Transboundary Aquifers (Groundwaters) by the United Nations. Water
International, 36(5), 557–565.
Yin, R. K. (2014). Case study research: Design and methods. Sage publications.
Young, O. R. (1989). International cooperation: Building regimes for natural resources and the environment. Cornell
University Press.
Young, O. R. (2001). Inferences and Indices: Evaluating the Effectiveness of International Environmental Regimes.
Global Environmental Politics, 1(1), 99–121.
Young, O. R. (2002). The institutional dimensions of environmental change: fit, interplay, and scale. Cambridge, MA:
MIT press.
Young, O. R. (2008). The Architecture of Global Environmental Governance: Bringing Science to Bear on Policy.
Global Environmental Politics, 8(1), 14–32.
Young, O. R., & Zürn, M. (2006). The International Regimes Database: Designing and Using a Sophisticated Tool for
Institutional Analysis. Global Environmental Politics, 6(3), 121–143.
Young, O. R., Agrawal, A., King, L. A., Sand, P. H., Underdal, A., & Wasson, M. (2005). Science Plan: Institutional
Dimensions of Global Environmental Change. Science. Bonn, Germany.
Zebarth, B. J., Ryan, M. C., Graham, G., Forge, T. A., & Neilsen, D. (2015). Groundwater monitoring to support
development of BMPs for groundwater protection: The abbotsford-sumas aquifer case study. Groundwater
Monitoring and Remediation, 35(1), 82–96.
Zeitoun, M., & Allan, J. A. (2008). Applying hegemony and power theory to transboundary water analysis. Water
Policy, 10(SUPPL. 2), 3–12.
Zeitoun, M., & Mirumachi, N. (2008). Transboundary water interaction I: Reconsidering conflict and cooperation.
International Environmental Agreements: Politics, Law and Economics, 8(4), 297–316.

245

NORMS IN MULTILEVEL GROUNDWATER GOVERNANCE AND SUSTAINABLE DEVELOPMENT
Zeitoun, M., & Warner, J. (2006, September). Hydro-hegemony - A framework for analysis of trans-boundary water
conflicts. Water Policy. 8(5), 435-460.
Zeitoun, M., Messerschmid, C., & Attili, S. (2009). Asymmetric abstraction and allocation: the Israeli-Palestinian water
pumping record. Ground water, 47(1), 146–60.
Zeitoun, M., Mirumachi, N., & Warner, J. (2010). Transboundary water interaction II: the influence of “soft” power.
International Environmental Agreements: Politics, Law and Economics, 11(2), 159–178.
Zektser, I. S., & Everett, L. G. (2004). Groundwater resources of the world: and their use. IHP Series on Groundwater
(Vol. 6). Paris, France.
Zelli, F., & Asselt, H. Van. (2013). Introduction: The Institutional Fragmentation of Global Environmental Governance:
Causes, Consequences, and Responses. Global Environmental Politics, 13(3), 1–13.
Zhou, Y. (2009). A critical review of groundwater budget myth, safe yield and sustainability. Journal of Hydrology.
370, 207-213.
Ziganshina, D. (2008). Rethinking the concept of the human right to water. Santa Clara J. Int’l L., 15(15), 113–128.
Zumbansen, P. (2012). Defining the Space of Transnational Law: Legal Theory, Global Governance and Legal
Pluralism. Transnational Law and Conteporary Problems, 21(1), 305–335.

246

Annex A.

Framework of questions for thesis

Main Research Question:
What kind of normative architecture for groundwater governance supports sustainable and inclusive development and what is required to achieve this
architecture across multiple geographic levels?
GAP IN KNOWLEDGE
RESEARCH QUESTION
Knowledge
Gap 1

Hydrogeology literature is poorly integrated into groundwater
governance literature.

Research
Questions 1&2

Knowledge
Gap 2
Knowledge
Gap 3
Knowledge
Gap 4

Groundwater governance literature does not take into account
the multilevel perspective in its normative architecture.
Literature does not discuss principles for groundwater
governance in relation to the drivers of groundwater problems.
Literature on groundwater governance focuses on political
environmental, social, and economic issues but not through a
sustainable development or inclusive development approach.

Research
Question 3
Research
Question 4
Research
Question 5

How have groundwater governance frameworks evolved at
multiple geographic levels, from global to local?
How are hydrogeology, ecosystems services, and the drivers of
groundwater problems taken into account in groundwater
governance frameworks?
How have different principles for groundwater governance been
included in these frameworks at multiple geographic levels?
How has the inclusion of these principles manifested as legal
pluralism within and across geographic levels?
How might the current design of the normative architecture affect
the achievement of sustainable and inclusive development at
multiple levels?

CHAPTER

Objectives

ANSWERS RESEARCH QUESTION(S)

CLOSES KNOWLEDGE GAP(S)

1
Introduction

To introduce the practical and theoretical
problems; knowledge gaps; research questions
and focus and limits.
To situate the research in terms of current
theoretical debates and elaborate the
methodological approach.
To provide insights into how groundwater
governance should be arranged based on
intimate knowledge of groundwater resources.

-

-

-

-

2
Theoretical Background
and Methodology
3
Contextualizing
Groundwater Problems

4
Groundwater Governance
Instruments

5
Global Groundwater
Governance

6
Regional-Transboundary
Groundwater Governance

A-2

(2) How are hydrogeology, ecosystems services,
and the drivers of groundwater problems taken into
account in groundwater governance frameworks?

(1) Hydrogeology literature is poorly integrated
into groundwater governance literature.
(3) Literature does not discuss principles for
groundwater governance in relation to the drivers
of groundwater problems.

To articulate the existing groundwater
governance principles; how do they support or
undermine each other; and the extent to which
they address the drivers of groundwater
problems.
To assess how the current framework of
groundwater governance at the global level
contributes to sustainable and inclusive
development.

(2) How have different principles for groundwater
governance been included in these frameworks at
multiple geographic levels?

(3) Literature does not discuss principles for
groundwater governance in relation to the drivers
of groundwater problems.

All for global level.

To assess how the current framework of
groundwater governance at the regionaltransboundary level contributes to sustainable
and inclusive development.

All for regional-transboundary level.

(3) Literature does not discuss principles for
groundwater governance in relation to the drivers
of groundwater problems.
(4) Literature on groundwater governance focuses
on political, environmental, social, and economic,
issues but not through a sustainable development or
inclusive development.
(3) Literature does not discuss principles for
groundwater governance in relation to the drivers
of groundwater problems.
(4) Literature on groundwater governance focuses
on political, environmental, social, and economic
issues but not through a sustainable development or
inclusive development.

CHAPTER

Objectives

ANSWERS RESEARCH QUESTION(S)

To assess how the current framework of
groundwater governance at the national level
contributes to sustainable and inclusive
development.

All for national level.

8
Groundwater Governance
in the Stampriet
Transboundary Aquifer

To assess how the current framework of
groundwater governance at the Stampriet
Transboundary Aquifer level contributes to
sustainable and inclusive development.

All for Stampriet Transboundary Aquifer System.

9
Groundwater Governance
Across Multiple
Geographic Levels

To assess how the current framework of
groundwater governance across all geographic
levels contributes to sustainable and inclusive
development.

10
Conclusion

To discuss what kind of normative architecture
for groundwater governance supports
sustainable and inclusive development and
what is required to achieve this architecture
across multiple geographic levels.

(1) How have groundwater governance frameworks
evolved at multiple geographic levels, from glob-al
to local?
(2) How are hydrogeology, ecosystems services
and the drivers of groundwater problems taken into
account?
(3) How have different principles for groundwater
governance been included in these frameworks at
multiple geographic levels?
(4) How has the inclusion of these principles
manifested as legal pluralism within and across
geographic levels?
(5) How might the current design of the normative
architecture affect the achievement of sustainable
and inclusive development at multiple levels?
What kind of normative architecture for
groundwater governance supports sustainable and
inclusive development and what is required to
achieve this architecture across multiple
geographic levels?

7
National Groundwater
Governance

CLOSES KNOWLEDGE GAP(S)
(3) Literature does not discuss principles for
groundwater governance in relation to the drivers
of groundwater problems.
(4) Literature on groundwater governance focuses
on political, environmental, social, and economic
issues but not through a sustainable development or
inclusive development.
(3) Literature does not discuss principles for
groundwater governance in relation to the drivers
of groundwater problems.
(4) Literature on groundwater governance focuses
on political, environmental, social, and economic
issues but not through a sustainable development or
inclusive development.
(2) Groundwater governance literature does not
take into account the multilevel perspective in its
normative architecture.
(3) Literature does not discuss principles for
groundwater governance in relation to the drivers
of groundwater problems.
(4) Literature on groundwater governance focuses
on political, environmental, social, and economic
issues but not through a sustainable development or
inclusive development.

All
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Search Terms Used in Scientific Databases

Keywords related to…
groundwater resources
groundwater governance
‘global groundwater depletion’
‘groundwater AND governance’
‘global groundwater contamination’
‘groundwater law’
‘global groundwater pollution’
‘groundwater AND institutions’
‘global groundwater crisis’
‘aquifer AND governance’
‘groundwater footprint’
‘law of transboundary aquifers’
‘groundwater AND climate change’
‘International groundwater law’
‘groundwater AND ecosystems services’
‘groundwater management’
‘groundwater AND energy production’
‘groundwater AND policy’
‘groundwater AND agriculture
‘common pool resource AND groundwater’
‘groundwater AND food’
‘groundwater law AND principles’
‘groundwater governance AND principles’
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Annex D. Country Participation in Global, Regional and Transboundary
Governance Frameworks
TEXT
ILA Helsinki
Rules
UNESCO
Ramsar
Convention

YEAR
1966
1971

THE PARTICIPATION IN THE GLOBAL FRAMEWORK
STATUS
SIGNATORIES
PARTIES
Academic list of
Not relevant
Rules, non-binding
Ratified, In-Force
Australia
Albania
Lao
Treaty
Finland
Algeria
Latvia
Greece
Andorra
Lebanon
Iran
Anguilla^
Lesotho
Norway
Antigua and
Liberia
South Africa
Barbuda
Libya
Sweden
Argentina
Liechtenstein
Armenia
Lithuania
Australia
Luxembourg
Austria
Madagascar
Azerbaijan
Malawi
Bahrain
Malaysia
Bangladesh
Mali
Barbados
Malta*
Belgium
Mauritania
Belize
Mauritius
Benin
Mexico
Bhutan
Monaco
Bolivia
Mongolia
Bolivia*
Morocco
Botswana
Mozambique
Brazil
Myanmar
British Virgin Namibia
Islands^
Nepal
Bulgaria
Netherlands
Burkina Faso
New Zealand
Burundi
Nicaragua
Cambodia
Niger
Cameroon
Nigeria
Canada
Norway
Cape Verde
Pakistan
Central
Palau
African
Panama*
Republic
Papua New
Chad*
Guinea
Chile
Paraguay
China
Peru*
Colombia
Philippines
Comoros
Poland
Congo
Portugal
Costa Rica*
Republic of
Côte d'Ivoire
Korea
Cuba
Republic of
Cyprus
Moldova
Czechoslovak Romania
ia*
Rwanda
Denmark
Samoa
Djibouti
Sao Tome and
Dominican
Principe
Republic
Senegal
Ecuador*
Seychelles
Egypt*
Sierra Leone
El Salvador
South Africa
Equatorial
South Sudan
Guinea
Spain
Estonia
Sri Lanka
Federal
St. Lucia
Republic of
Suriname
Germany
Swaziland
Fiji
Sweden
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Finland
France*
Gabon
Gambia
Georgia
German
Democratic
Republic
Ghana
Greece
Grenada
Guatemala
Guinea
GuineaBissau*
Honduras
Hong Kong^
Hungary
Iceland
India
Indonesia
Iran
Iraq
Ireland
Israel
Italy
Japan
Jordan
Kazakhstan
Kenya
Kyrgyzstan
UN
Stockholm
Declaration
UN Mar del
Plata
ILA Seoul
Rules
UN Rio
Declaration
UNECE
Water
Convention

UN FCCC
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1972

Adopted, NonBinding Rules

Implicitly, all countries represented
at the Conference

Not relevant

1977

Adopted, NonBinding Rules
Academic list of
Non-Binding Rules,
non-binding
Adopted, NonBinding Declaration

Implicitly, all countries represented
at the Conference
Not relevant

Not relevant

Implicitly, all countries represented
at the Conference

Not relevant

1992

Ratified, In-Force
Treaty

Albania
Austria
Belgium
Bulgaria
Denmark
Estonia
E.U.
Finland
France
Germany
Greece
Hungary
Italy
Latvia
Lithuania

Luxembourg
Netherlands
Norway
Poland
Portugal
Romania
Russia
Slovenia
Spain
Sweden
Switzerland
U.K.

1992

Ratified, In-Force
Treaty

Afghanistan
Algeria
Angola
Antigua and
Barbuda

Madagascar
Malawi
Malaysia
Maldives
Mali

Albania
Austria
Azerbaijan
Belarus
Belgium
Bos. & Herz.
Bulgaria
Croatia
Czech Rep.
Denmark
Estonia
E.U.
Finland
France
Germany
Greece
Hungary
Italy
Kazakhstan
Latvia
Liechtenstein
Lithuania
Afghanistan
Albania
Algeria
Andorra
Angola

1986
1992

Switzerland
Syria
Tajikistan
Thailand
Togo
Trinidad and
Tobago
Tunisia
Turkey
Turkmenistan
Uganda
Union of Soviet
Socialist
Republics
United Arab
Emirates
United
Kingdom^
Tanzania
United States of
America*
Uruguay
Uzbekistan
Venezuela*
Viet Nam*
Yemen
Zaire
Zambia
Zimbabwe

Luxembourg
Netherlands
Norway
Poland
Portugal
Republic of
Moldova
Romania
Russia
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Turkmenistan
Ukraine
U.K.
Uzbekistan

Macedonia
Madagascar
Malawi
Malaysia
Maldives
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Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bhutan
Bolivia
Botswana
Brazil
Bulgaria
Burkina Faso
Burundi
Cabo Verde
Cameroon
Canada
Central
African
Republic
Chad
Chile
China
Colombia
Comoros
Congo
Cook Islands
Costa Rica
Côte d'Ivoire
Croatia
Cuba
Cyprus
Czech
Republic
Democratic
People's
Republic of
Korea
Democratic
Republic of
the Congo
Denmark
Djibouti
Dominican
Republic
Ecuador
Egypt
El Salvador
Equatorial
Guinea
Eritrea
Estonia
Ethiopia
European
Union
Fiji
Finland
France
Gabon
Gambia
Germany
Ghana
Greece
Grenada

Malta
Marshall Islands
Mauritania
Mauritius
Mexico
Micronesia
Monaco
Mongolia
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Norway
Oman
Pakistan
Panama
Papua New
Guinea
Paraguay
Peru
Philippines
Poland
Portugal
Republic of Korea
Republic of
Moldova
Romania
Russian
Federation
Rwanda
Samoa
San Marino
Sao Tome and
Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
South Africa
Spain
Sri Lanka
St. Kitts and
Nevis
St. Lucia
Sudan
Suriname
Swaziland
Sweden
Switzerland
Thailand
Togo
Trinidad and
Tobago
Tunisia
Tuvalu
Uganda
Ukraine
United Kingdom

Antigua and
Barbuda
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bhutan
Bolivia
Bosnia and
Herzegovina
Botswana
Brazil
Brunei
Bulgaria
Burkina Faso
Burundi
Cabo Verde
Cambodia
Cameroon
Canada
Central
African
Republic
Chad
Chile
China
Colombia
Comoros
Congo
Cook Islands
Costa Rica
Côte d'Ivoire
Croatia
Cuba
Cyprus
Czech
Republic
Democratic
People's
Republic of
Korea
Democratic
Republic of
the Congo
Denmark
Djibouti
Dominica
Dominican
Republic
Ecuador
Egypt
El Salvador
Equatorial
Guinea
Eritrea
Estonia
Ethiopia
European
Union
Fiji
Finland

Mali
Malta
Marshall Islands
Mauritania
Mauritius
Mexico
Micronesia
Monaco
Mongolia
Montenegro
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norway
Oman
Pakistan
Palau
Panama
Papua New
Guinea
Paraguay
Peru
Philippines
Poland
Portugal
Qatar
Republic of
Korea
Republic of
Moldova
Romania
Russian
Federation
Rwanda
Samoa
San Marino
Sao Tome and
Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Sudan
Spain
Sri Lanka
St. Kitts and
Nevis
St. Lucia
St. Vincent and
the Grenadines
Sudan
Suriname
Swaziland
Sweden
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UN
Convention on
Desertification
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1994

Ratified, In-Force
Treaty

Guatemala
Guinea
GuineaBissau
Guyana
Haiti
Honduras
Hungary
Iceland
India
Indonesia
Iran
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg

Tanzania
United States of
America
Uruguay
Vanuatu
Venezuela
Viet Nam
Yemen
Zambia
Zimbabwe

France
Gabon
Gambia
Georgia
Germany
Ghana
Greece
Grenada
Guatemala
Guinea
GuineaBissau
Guyana
Haiti
Honduras
Hungary
Iceland
India
Indonesia
Iran Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Kuwait
Kyrgyzstan
Lao Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg

Switzerland
Syria
Tajikistan
Thailand
Timor-Leste
Togo
Tonga
Trinidad and
Tobago
Tunisia
Turkey
Turkmenistan
Tuvalu
Uganda
Ukraine
United Arab
Emirates
United Kingdom
Tanzania
United States of
America
Uruguay
Uzbekistan
Vanuatu
Venezuela
Viet Nam
Yemen
Zambia
Zimbabwe

Algeria
Angola
Antigua and
Barbuda
Argentina
Armenia
Australia
Bangladesh
Benin
Bolivia
Botswana
Brazil
Burkina Faso
Burundi
Cabo Verde
Cambodia
Cameroon
Canada
Central
African
Republic
Chad
Chile
China
Colombia
Comoros
Congo
Costa Rica
Côte d'Ivoire
Croatia

Kuwait
Kyrgyzstan
Lao
Lebanon
Lesotho
Libya
Luxembourg
Madagascar
Malawi
Malaysia
Mali
Malta
Mauritania
Mauritius
Mexico
Micronesia
Mongolia
Morocco
Mozambique
Namibia
Nepal
Netherlands
Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru

Afghanistan
Albania
Algeria
Andorra
Angola
Antigua and
Barbuda
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bhutan
Bolivia
Bosnia and
Herzegovina
Botswana
Brazil
Brunei
Bulgaria
Burkina Faso
Burundi

Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Mauritania
Mauritius
Mexico
Micronesia
Monaco
Mongolia
Montenegro
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
New Zealand
Nicaragua
Niger
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Cuba
Democratic
Republic of
the Congo
Denmark
Djibouti
Ecuador
Egypt
Equatorial
Guinea
Eritrea
European
Union
Finland
France
Gambia
Georgia
Germany
Ghana
Greece
Guinea
GuineaBissau
Haiti
Honduras
India
Indonesia
Iran
Ireland
Israel
Italy
Japan
Jordan
Kazakhstan
Kenya

Philippines
Portugal
Republic of Korea
Rwanda
Sao Tome and
Principe
Senegal
Seychelles
Sierra Leone
South Africa
Spain
St. Vincent and
the Grenadines
Sudan
Swaziland
Sweden
Switzerland
Syrian Arab
Republic
Tajikistan
Togo
Tunisia
Turkey
Turkmenistan
Uganda
United Kingdom
Tanzania
United States of
America
Uzbekistan
Vanuatu
Zambia
Zimbabwe

Cabo Verde
Cambodia
Cameroon
Canada
Central
African
Republic
Chad
Chile
China
Colombia
Comoros
Congo
Cook Islands
Costa Rica
Côte d'Ivoire
Croatia
Cuba
Cyprus
Czech
Republic
Democratic
People's
Republic of
Korea
Democratic
Republic of
the Congo
Denmark
Djibouti
Dominica
Dominican
Republic
Ecuador
Egypt
El Salvador
Equatorial
Guinea
Eritrea
Estonia
Ethiopia
European
Union
Fiji
Finland
France
Gabon
Gambia
Georgia
Germany
Ghana
Greece
Grenada
Guatemala
Guinea
GuineaBissau
Guyana
Haiti
Honduras
Hungary
Iceland
India
Indonesia
Iran
Iraq
Ireland
Israel
Italy
Jamaica

Nigeria
Niue
Norway
Oman
Pakistan
Palau
Panama
Papua New
Guinea
Paraguay
Peru
Philippines
Poland
Portugal
Qatar
Republic of
Korea
Republic of
Moldova
Romania
Russia
Rwanda
Samoa
San Marino
Sao Tome and
Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Sudan
Spain
Sri Lanka
St. Kitts and
Nevis
St. Lucia
St. Vincent and
the Grenadines
Sudan
Suriname
Swaziland
Sweden
Switzerland
Syrian Arab
Republic
Tajikistan
Thailand
Macedonia
Timor-Leste
Togo
Tonga
Trinidad and
Tobago
Tunisia
Turkey
Turkmenistan
Tuvalu
Uganda
Ukraine
United Arab
Emirates
United Kingdom
Tanzania
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UN Watercourses
Convention

1997

Adopted, In force

UNECE
Protocol

1999

Ratified, In-Force
Treaty

ILA Berlin
Rules on
Water
Resources
ILC Draft
Articles

2004

Academic list of
Rules, non-binding
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2008

Awaiting Adoption

Benin
Burkina Faso
Chad
Côte d'Ivoire
Denmark
Finland
France
Germany
Greece
GuineaBissau
Hungary
Iraq
Italy
Jordan
Lebanon
Libya
Luxembourg
Morocco
Albania
Armenia
Belgium
Bulgaria
Croatia
Cyprus
Czech Rep.
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Hungary
Iceland
Italy
Latvia
Lithuania
Luxembourg

Japan
Jordan
Kazakhstan
Kenya
Kiribati
Kuwait
Kyrgyzstan
Lao
Latvia
Lebanon

United States of
America
Uruguay
Uzbekistan
Vanuatu
Venezuela
Viet Nam
Yemen
Zambia
Zimbabwe

Albania
Azerbaijan
Belarus
Belgium
Bos. & Herz.
Croatia
Czech Rep.
Estonia
Finland
France
Germany
Hungary
Latvia
Lithuania

Luxembourg
Netherlands
Norway
Portugal
Moldova
Romania
Russia
Serbia
Slovakia
Spain
Switzerland
Ukraine

Namibia
Netherlands
Niger
Nigeria
Norway
Paraguay
Portugal
Qatar
South Africa
Spain
Sweden
Syrian
Tunisia
Uzbekistan
Venezuela
Yemen

Malta
Monaco
Netherlands
Norway
Poland
Portugal
Moldova
Romania
Russia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Ukraine
U.K.

Not relevant
Not relevant
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THE PARTICIPATION IN REGIONAL FRAMEWORKS
STATUS
SCOPE
PARTICIPATING COUNTRIES

REGION

YEAR

TEXT

Africa

1968/
2003

African Convention on
Conservation of Nature
and Natural Resources

Legallybinding treaty

Land and soil,
water,
vegetation, and
biodiversity

South
East Asia

1985

Association of Southeast
Asian Nations’
Agreement on the
Conservation of Nature
and Natural Resources

Legallybinding treaty

European
Union

2000

Directive 2000/60/EC of
the European
Parliament and of the
Council establishing a
framework for
Community action in
the field of water policy
[EU Water Framework
Directive]

Supranational
legislation

Biological
species,
vegetation
cover and
forest
resources, soil,
water, and air
National and
transboundary
surface and
groundwater
resources

European
Union

2006

Directive 2006/118/EC for
the European
Parliament and of the
Council on the
protection of
groundwater against
pollution and
deterioration [EU
Groundwater Directive]

Supranational
legislation

National and
transboundary
surface and
groundwater
resources

Southern
Africa
Developm
ent
Communi
ty

2000

Southern African
Development Community
(SADC) Revised Protocol
on Shared Watercourses

Legallybinding treaty

Transboundary
surface and
groundwater
resources

Angola
Burundi
Côte d’Ivoire
Comoros
Congo
Dem. Rep.
Congo
Brunei
Indonesia
Malaysia
Philippines
Singapore
Thailand
Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Rep.
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Rep.
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Angola
Botswana
Dem. Rep.
Congo
Lesotho
Madagascar
Malawi
Mauritius

Ghana
Lesotho
Mali
Niger
Rwanda
South Africa

Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
U.K.

Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
U.K.
Mozambique
Namibia
Seychelles
South Africa
Swaziland
Tanzania
Zambia
Zimbabwe
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TBA

YEAR(S)

AbbotsfordSumas
Aquifer

1909
1992
1992
1994
1995
2000

Bolsón del
Hueco-Valle
de Juárez
Aquifer

1889
1906
1938
1956
1999

THE PARTICIPATION IN TRANSBOUNDARY FRAMEWORKS
TEXT OR PROJECT
STATUS

Danube River
Basin
Aquifers

1994
1994

Boundary Waters Treaty and International Joint Commission
Environmental Cooperation Council
Abbotsford-Sumas Aquifer International Task Force
NAFTA Commission for Environmental Cooperation
Abbotsford-Sumas Aquifer Stakeholder Group
MoU between the Province of British Columbia and the State of
Washington
International Boundary and Water Commission
Convention on Distribution of Waters of the Rio Grande
Rio Grande Compact
Minute 242
MoU between City of Juarez Mexico Utilities and the El Paso
Water Utilities Public Services Board of the City of El Paso
Texas
US-Mexico Transboundary Aquifer Assessment Act
Boundary Waters Treaty
International Joint Commission
Great Lakes Water Quality Agreement
The Great Lakes Charter
The Great Lakes St. Lawrence River Basin Sustainable Water
Resources Agreement and Compact
Convention of Cooperation for the Protection and Sustainable
Use of the Danube River
International Commission for the Protection of the Danube River

Dinaric Karst
Aquifers

1992
1994
2000

UNECE Water Convention
Danube River Convention and Commission
EU Water Framework Directive

CanadianGreat Lakes
Basin and
Châtauguay
Aquifer

2006
1909
1912
1972/2012
1985
2005

SCOPE

Legally-binding treaty
Bi-national council
Scientific advisory group
Treaty implementation body
Civil society org.
Informal agreement

Borders
Environment
Abbotsford-Sumas Aquifer
Transboundary environment
Abbotsford-Sumas Aquifer
Abbotsford-Sumas Aquifer

Legally-binding treaty
Legally-binding treaty
Legally-binding treaty
Addendum to treaty
Informal agreement

Borders and surface water
Surface and groundwater
Surface and groundwater
Groundwater quality
Bolsón del Hueco-Valle de Juárez
Aquifer

National legislation
Legally-binding treaty
Treaty implementation body
Legally-binding treaty
Transboundary agreement
Transboundary agreement

Mexican-US TBAs
Borders and surface water
All transboundary issues
Surface and groundwater quality
Surface and groundwater
Surface and groundwater

Legally-binding treaty
Treaty implementation body

Surface and groundwater
Transboundary waters

Legally-binding treaty
Legally-binding treaty
Supranational legislation

Transboundary surface and
groundwaters
Surface and groundwater in
Danube basin
National and transboundary
surface and groundwaters

PARTICIPATING
COUNTRIES
Canada
United States

Mexico
United States

Canada
United States

Austria
Bosnia & Herz.
Bulgaria
Croatia
Czech Rep.
Germany
Hungary
Moldova
Montenegro
Romania
Serbia
Slovakia
Slovenia
Ukraine
Albania
Bosnia & Herz.
Croatia
Italy
Macedonia
Montenegro
Greece
Serbia

Franco-Swiss
Genevois
Aquifer

1977/
2008
1992
2000

Convention on the Protection Utilization Recharge and
Monitoring of the Franco-Swiss Genevois Aquifer
UNECE Water Convention
EU Water Framework Directive

Legally-binding treaty
Legally-binding treaty
Supranational legislation

Guaraní
Aquifer
System

1948
1991
2003
2008
1992
1994
1995

Organization of American States (OAS)
Common Market of the South (MERCOSUR)
GEF/UNESCO Guaraní Aquifer System Project
Guaraní Aquifer Agreement
UNECE Water Convention
Danube River Convention and Commission
Permanent Bilateral Slovenian – Hungarian Water Management
Commission
EU Water Framework Directive

Reg. political organization
Reg. economic organization
Intern’l project/funding
Legally-binding treaty
Legally-binding treaty
Legally-binding treaty
Bi-national commission

EU Directive on Promotion of the Use of Energy from
Renewable Resources
Protection of the Northwest Sahara Aquifer System and related
humid zones and ecosystems Project
Northwest Sahara Aquifer System Mechanism for Concerted
Action
CEDARE
Joint Authority for the Study of the Development of the Nubian
Sandstone Aquifer Waters
Nile Basin Initiative

Supranational legislation

Mura Zala

2000
2009
Northwest
Sahara
Aquifer
System
Nubian
Sandstone
Aquifer
System

2003
2007
1992
1992
1999
2012
2000

Iullemeden
Aquifer
System

GEF/IAEI The Regional Formulation of an Action Programme
for the Integrated Management of the Shared Nubian Aquifer
Project
Programme for the Development of a Regional Strategy for the
Utilisation of the Nubian Sandstone Aquifer System

1963

Commission du fleuve du Niger

1980

Autorité du Bassin du Niger

1990

Niger-Nigeria Joint Commission for Cooperation

1992

OSS Aquifers of Major Basins Programme

2009

Bamako Declaration of the Ministers in Charge of Water
Resources of the Countries Sharing the Iullemeden Aquifer
System

Non-binding legal mechanism

Genevois Aquifer
Transboundary surface and
groundwaters
National and transboundary
surface and groundwaters
Political cooperation
Economic cooperation
Guaraní Aquifer System states
Guaraní Aquifer System
Transboundary surface and
groundwaters
Surface and groundwater in
Danube basin
National and transboundary
surface and groundwaters
National energy resource
utilization
Northwest Sahara Aquifer System
states
Northwest Sahara Aquifer System

Inter-reg. cooperation center
Multilateral scientific agency

Environment in the ‘Arab Region’
Nubian Sandstone Aquifer

Multilateral cooperation
program
International project

Nile Basin

Legally-binding agreement

Monitoring and data sharing in
Nubian Sandstone Aquifer

Multilateral cooperation
commission
Internat’l river basin org.

Niger river

Supranational legislation

International project/funding

Bi-lateral cooperation
commission
International project
Non-binding declaration

Slovenia
France
Switzerland

Argentina
Brazil
Paraguay
Uruguay
Hungary
Slovenia

Algeria
Libya
Tunisia
Chad
Egypt
Libya
Sudan

Nubian Sandstone Aquifer

Surface/groundwater in Niger
River basin
Niger river
Common water resources of
Niger/Nigeria
Sahara-Sahel water basins
Iullemeden Aquifer System

Algeria
Benin
Mali
Niger
Nigeria
Mauritania

Lake Chad
Basin
Aquifers

Legally-binding treaty
Legally-binding treaty
International project

Surface and groundwater
Surface and groundwater
Surface and groundwater

1990

Fort Lamy Convention and Lake Chad Basin Commission
Niger Basin Authority
GEF/UNDP/UNOPS Project ‘Reversal of Land and Water
Degradation Trends in the Lake Chad Basin Ecosystem:
Establishment of Mechanisms for Land and Water
Management
Niger-Nigeria Joint Commission for Cooperation

Bi-lateral cooperation
commission

Surface and groundwater

Mekong
River Basin
Aquifers

1995

Mekong River Commission

Legally-binding treaty

Surface and groundwater

OrangeSenqu River
Basin and
Aquifers

1992

Legally-binding treaty

Surface water

Legally-binding treaty
Legally-binding treaty
International project

Surface water
Surface and groundwater
Surface and groundwater

Sava River
Basin
Aquifers

2002
1994

Legally-binding treaty
Legally-binding treaty

Surface and groundwater
Surface and groundwater

Legally-binding treaty
Legally-binding treaty

Surface and groundwater
Surface water

Legally-binding treaty
International project

Surface and groundwater
Surface and groundwater

International project funding
Legally-binding treaty

Surface and groundwater
Surface and groundwater

1988

Agreement between the Government of the Republic of South
Africa and the Government of the Republic of Namibia on the
Establishment of a Permanent Water Commission
Orange-Senqu River Basin Agreement and Commission
SADC Protocol on Shared Water Resources
GEF/UNDP/UNOPS Project for the Development and Adoption
of a Strategic Action Program for Balancing Water Uses and
Sustainable Natural Resource Management
Framework Agreement on the Sava River Basin and Commission
Convention on Cooperation for the Protection and Sustainable
use of the Danube River and Commission
UNECE Water Convention
Agreement On The Protection Of The (River) Scheldt and
Commission
International Agreement on the Scheldt
Contribute to a better quality of surface and groundwater bodies
in the Scheldt International River Basin District (ScaldWIN)
INTERREG IVB
Agreement between the Swiss Federal Council, the Government
of the Federal Republic of Germany and the Government of
the French Republic on Cross-border Co-operation in the
Upper Rhine Region
Tripartite Congress

Surface and groundwater

1991

Franco-German-Swiss Conference of the Upper Rhine

1995

Association for the Protection of Groundwater in the Plain of
Alsace
INTERREG IVA and B

Multilateral cooperation
commission
Multilateral cooperation
commission
Multilateral scientific agency
International project funding

Surface and groundwater

Scheldt River
Basin
Aquifers

Upper Rhine
Valley Basin
Aquifer

1964
1980
2003-2008

2000
2000
2008

1992
1994
2002
2009
2007
1975/2000

2007

Surface and groundwater
Groundwater

Cameroon
Chad
Central African
Republic
Niger
Nigeria

Cambodia
Laos
Thailand
Vietnam
Botswana
Namibia
South Africa

Croatia
Slovenia
Bosnia &
Herzegovina
Belgium
France

France
Germany
Switzerland

Annex E.

Coding Criteria for Groundwater Governance Instruments

Aquifer/basin as unit of
management
Best available
technology/technique
Capacity building
Common but differentiated
responsibilities and respective
capabilities
Conjunctive use and
management
Environmental Impact
Assessment

Coded yes if text includes provisions to…
Use the water basin or watercourse as unit for policy-making and implementation and/or
Requires the responsible agency to create an aquifer or basin management plan
Use the best technology and/or techniques available to reduce environmental harm
Provide the education and training necessary to enhance understanding of environmental
problems and how to address them and/or
Encourage hydro(geo)logical research, possibly through funding and/or
Provide grants, subsidies or tax forgiveness for agencies that promote the sustainable use of
groundwater or contribute to scientific understanding of the resource
Share obligations based on their responsibility for causing the problem and their ability to
address the problem
Account for hydrological relationships between surface and groundwater resources in
management and policy decisions
Require project developers to assess potential (transboundary) impacts

Equitable and reasonable use

Share transboundary waters based on each other’s conditions and contexts

Exchange of information

Share relevant scientific and technical knowledge and/or
Create and use a public data and information system for groundwater resources monitoring

Human right to sanitation

Ensure that all humans have a right to access improved and safe sanitation facilities

Human right to water

Ensure that all humans have a right to access improved and clean water sources
Take into due consideration the needs of future generations when allocating and managing
environmental resources
Require actions to reduce or eliminated the presence of invasive species
Establish a network of instruments to measure monitor groundwater quality and quantity at
regular intervals
Recognize there is no inherent priority of uses for water; however special attention may be
given to vital human needs
Notify other potentially impacted states during emergencies (e.g. droughts or floods) and/or
Notify other potentially impacted states following an accident (e.g. industrial spills)

Intergenerational equity
Invasive species
Monitoring
Priority of use
Notification of emergency
situations
Notification of planned
measures
Obligation to cooperate
Open international economic
system
Peaceful resolution of
disputes
Polluter pays
Pollution prevention
Poverty eradication
Precautionary principle
Prior informed consent
Prioritization of vital human
needs
Protected areas for
groundwater
Protection and preservation
of ecosystems
Protection of recharge and
discharge zones
Public access to information
Public education and
awareness
Public participation

Notify other possibly impacted states of plans with potential (transboundary) impacts
Engage peacefully with each other and act in good faith
Not adopt actions that could affect the principles of international trade
Settle disputes peacefully through negotiation, conciliation, mediation, consultation of good
offices, arbitration and/or tribunal and/or
Designate a specific organization for the resolution of groundwater disputes
Require that polluters internalize the costs of pollution
Take measures to prevent pollution
Take measures to advance the economic standing of those living in impoverished conditions
Take precautionary action to prevent irreversible harm even when there is inconclusive
scientific evidence on cause and effect
Inform and receive the consent of other states (or individuals) for activities that may affect
them
Allocate groundwater for basic human needs, before other uses
Protects lands overlying aquifers with high vulnerability to pollution or depletion and/or
Protect groundwater abstraction areas with buffer zones that restrict land uses
Take measures to protect and preserve ecosystems
Take measures to protect groundwater discharge and recharge zones
Provide the public access to information collected, procedures followed and decisions made
by their governments
Facilitate programs and activities to increase public awareness regarding the protection and
conservation of groundwater resources
Encourage the participation of the public or stakeholders in decision-making processes and/or
Include a range of stakeholders in management organization, which oversee the
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watershed/catchment/basin/aquifer
Responsibilities towards
women, youth and indigenous
peoples
Sovereignty (Limited)
Subsidiarity
Water as a finite resource
Water as an economic good

E-2

Account for the rights of individuals/groups in its decision-making process
Do what they wish within their territories (within limits)
Take action at the lowest-appropriate level of governance
Require that water is managed under the main premise that its availability is limited
Recognize water has an economic value and should be considered an economic good and/or
Allow/require water management agencies or water utilities to recover costs for the provision
and use of groundwater resources and/or
Require all water users to pay for water services

Annex F.

List of Interviewees

All interviewees are presented anonymously in this research. However, this list indicates their respective
professional backgrounds and their country of residence at the time of the interview.
CODE

PROFESSIONAL BACKGROUND/EXPERIENCE

COUNTRY OF RESIDENCE

Interviewee 1
Interviewee 2

Water Management
Water Policy Researcher

Botswana
South Africa

Interviewee 3
Interviewee 4
Interviewee 5
Interviewee 6
Interviewee 7
Interviewee 8

Farmer
Farmer
Environmental Scientist – Plant Biology Focus
Hydrogeologist
Environmental Scientist – Water Focus
Hydrogeologist

Botswana
Botswana
Botswana
Botswana
Namibia
Namibia

Interviewee 9
Interviewee 10
Interviewee 11
Interviewee 12
Interviewee 13
Interviewee 14

Water Policy Researcher
Hydrogeologist
Social Services
Water Researcher
Environmental Scientist – Climate Focus
Environmental Policy – Water Focus

South Africa
South Africa
Namibia
South Africa
Namibia
Namibia

Interviewee 15
Interviewee 16
Interviewee 17
Interviewee 18
Interviewee 19
Interviewee 20

Environmental Scientist – Wildlife Biology Focus
Hydrogeologist
Hydrogeologist
Environmental Scientist – Water Focus
Lawyer
Hydrogeologist

Botswana
South Africa
Namibia
Namibia
Botswana
Namibia

Interviewee 21
Interviewee 22
Interviewee 23
Interviewee 24
Interviewee 25
Interviewee 26

Hydrogeologist
Environmental Scientist – Plant Biology Focus
Social Services
Farmer
Farmer
Hydrogeologist

South Africa
Botswana
Namibia
Namibia
Namibia
Namibia

Interviewee 27
Interviewee 28
Interviewee 29
Interviewee 30
Interviewee 31
Interviewee 32

Environmental Scientist/ Policy Advocate
Land Use and Land Planning
Water Researcher
Lawyer
Hydrogeologist
Hydrogeologist

Botswana
Botswana
South Africa
South Africa
Botswana
Botswana

Interviewee 33
Interviewee 34
Interviewee 65
Interviewee 35
Interviewee 36
Interviewee 37

Hydrogeologist
Hydrogeologist
Environmental Policy – Water Focus
Environmental Management
Hydrogeologist
Environmental Managements

South Africa
Namibia
South Africa
Botswana
South Africa
South Africa

Interviewee 38
Interviewee 39
Interviewee 40
Interviewee 41
Interviewee 42

Hydrogeologist
Hydrogeologist
Hydrogeologist
Environmental Policy- Water Focus
Water Management

Namibia
Namibia
Namibia
South Africa
Botswana
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CODE

PROFESSIONAL BACKGROUND/EXPERIENCE

COUNTRY OF RESIDENCE

Interviewee 43
Interviewee 44
Interviewee 45
Interviewee 46
Interviewee 47
Interviewee 48

Hydrogeologist
Farmer
Economics
Environmental Policy
Hydrogeologist
Community Advocacy

Namibia
Namibia
Namibia
South Africa
Botswana
South Africa

Interviewee 49
Interviewee 50
Interviewee 51
Interviewee 52
Interviewee 64
Interviewee 53

Hydrogeologist
Water Policy
Water Policy
Hydrogeologist
Water Policy
Hydrogeologist

South Africa
Botswana
South Africa
Namibia
South Africa
Botswana

Interviewee 54
Interviewee 55
Interviewee 56
Interviewee 57
Interviewee 58
Interviewee 59

Water Management
Environmental Management
Hydrogeologist
Hydrogeologist
Farmer
Hydrogeologist

Botswana
South Africa
South Africa
South Africa
Namibia
South Africa

Interviewee 60
Interviewee 61
Interviewee 62
Interviewee 63

Anthropologist
Hydrogeologist
Lawyer
Hydrogeologist

South Africa
South Africa
Namibia
South Africa
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