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Abstract

Long-term population growth and economic development are placing ever-increasing pressure on South Africa’s freshwater
supply. On the basis of the current climate change predictions, which often entail uncertain consequences for aquifer sys-
tems and the associated groundwater goods and services, it is expected that the stress on water will increase even further.
Currently, South Africa’s groundwater governance regime does not provide the capacity to assure effective and sustainable
resource regulation and allocation. To date, the management of groundwater is hampered by a variety of uncertainties, such
as global climate change and socio-economic growth, as well as ineffective governance structures affecting resource use,
regulation, protection and the implementation of alternative strategies needed to achieve sustainable management. This
paper presents the results of a qualitative assessment of interviews conducted with experts in South Africa. Four key chal-
lenges are identified to the development of adaptive and sustainable groundwater management and the successful implemen-
tation of current water legislation in South Africa. These are: the undervaluation of groundwater importance and signifi-
cance; the need for expertise and information at all scales; the centralisation of power; and the disregard of ecosystems and
the associated goods and services. As a means to tackle these challenges, it has been assumed that the concept of adaptive
water management represents a suitable approach to governing groundwater resources, by taking into account complex
system linkages between hydrogeological, political, socio-economic and environmental domains. Supporting principles,
such as tools for cooperation, participation and information networks, have been developed to facilitate the implementation
of adaptive water management approaches and hence to achieve institutional change in the political arena of groundwater

management.

Keywords: groundwater, South Africa, ecosystem services, adaptive water management, qualitative

assessment

Introduction

South Africa is a water-stressed, semi-arid country with an
average annual rainfall of around 500 mm, which is less than
60% of the world average (Mukheibir and Sparks, 2005). The
financial, human and ecological impacts of global and local
changes to climate are already evident in South Africa, par-
ticularly where water resources are under the greatest pressure
(Schulze, 2005).

On a global scale, groundwater is an essential freshwater
resource for both socio-economic and environmental sys-
tems. It provides a wide range of diverse goods and functions,
described here as ecosystem services, namely, the ‘conditions
and processes through which natural systems and the species
that make them up sustain and fulfil human life’ (Daily, 1997,
p- 3). In many parts of South Africa groundwater allocation and
protection has become an important issue, as groundwater rep-
resents an important source of freshwater (Miinch and Conrad,
2007). It has the potential to play a strategic role in providing
water for drinking and sanitation, supporting agricultural
irrigation schemes and industrial uses, reducing poverty and
disease, and maintaining important aquatic and terrestrial
ecosystems. The South African hydrogeological commu-
nity has claimed that groundwater is currently underutilised
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and undervalued in many parts of the country. Accordingly,
groundwater management is neither strongly emphasised in
national water legislation, nor is it implemented where it is
needed.

The total harvest potential of aquifer systems in South
Africa was estimated to be 19 000 m.m?/a, approximately
6 000 m.m?* of which is groundwater that could be sustainably
used each year without depleting the aquifers. In recent times,
only around 1 100 m. m*a has been used throughout the coun-
try (DWAF, 2004a).

Most of the constraints on sustainable groundwater man-
agement observed globally can be linked to failures in govern-
ance structures (e.g., Bakker et al., 2008; Rogers and Hall,
2007). According to Loucks (2000, p. 3), sustainability in water
resource management means: ‘Water resource systems that are
managed to satisfy the changing demands put on them, now and
on into the future, without system degradation.” The most chal-
lenging hurdles that global groundwater governance regimes
must overcome are institutional and political factors, including
fragmented and overlapping jurisdictions and responsibilities,
competing priorities, traditional approaches, rights and water
pricing systems, and diverging opinions (Council of Canadian
Academies, 2009). Furthermore, the lack of adequate knowl-
edge and physical data pertaining to aquifer characteristics and
behaviour such as recharge, discharge, base flow and aquifer-
dependent ecosystems, as well as important linkages between
groundwater ecosystem services and human well-being, render
resource planning and management challenging and unpredict-
able. These problems can also be observed in South Africa’s
groundwater governance systems. According to Seward (2010),

67


mailto:Kathrin.Knueppe@usf.uni-osnabrueck.de

the implementation of novel groundwater policies in South
Africa needs a right balance, between simple concepts which
are easily communicated to stakeholders, on the one side, and
management approaches that are theoretically established but
not always easy to comprehend, on the other side.

This paper identifies challenges and hurdles impeding
sustainable and efficient groundwater use in South Africa, con-
sidering both national and local perspectives. At the same time,
the paper represents a contribution to the small existing volume
of academic literature on groundwater governance structures,
alternative management approaches and resource protection in
South Africa (for example, Parsons and Tredoux, 1995; Braune
and Reynders, 1998; Seward et al., 2006; Colvin and Saayman,
2007; Braune and Xu, 2008; Braune and Xu, 2009).

The paper is divided into 5 sections. The first section pro-
vides a general overview of the challenges facing groundwater
governance globally, including natural and anthropogenic
resource impacts. In the second section the current status of
South Africa’s groundwater development and management
is discussed. In the third section results derived from expert
interviews are summarised to provide insights into the chal-
lenges to management and the constraints on sustainable and
efficient groundwater use. An argument is made for the need to
introduce more flexible and holistic management concepts in
the governance of groundwater resources in South Africa, by
pointing out the risks and uncertainties in relation to ground-
water in the fourth section. The adaptive management approach
is assumed to provide an adequate basis for recommendations,
including guiding principles for South Africa’s water managers.
Finally, a conclusion is provided along with an outlook towards
development and implementation of adaptive and integrated
groundwater management approaches.

Global governance of groundwater resources

Groundwater is the Earth’s largest accessible store of freshwater
(excluding ice sheets and glaciers), and constitutes about 94% of
the world’s freshwater resource (Ward and Robinson, 1990). In
addition to many geological and ecological functions — such as
the transport of dissolved matter below ground, rock weathering
and diagenesis, the formation of mineral deposits, supporting
water purification and nutrient transportation processes, main-
taining spring discharge and providing baseflow to rivers and
springs — groundwater is also a key resource for socio-economic
development and a strategic buffer resource during periods of
drought (Custodio and Llamas, 2001). Often groundwater use
has been, and continues to be, carried out with little or no plan-
ning or control on the part of public agencies which, as a result,
frequently leads to unstructured development in most countries.
In general, management practices often ignore problems and fail
to take into consideration the integrity of groundwater systems;
even in arid and semi-arid regions where groundwater is the
main source of freshwater (FAO, 2003). The typical situation
in relation to groundwater resource management encompasses
socio-economic, ecological, as well as cultural constraints:
» Diagnostic data and information are limited in their
availability
* The patterns of use involve a substantial number of indi-
vidual users
» Changing users perceptions and behaviours towards eco-
logical and sustainable resource allocations often coincides
with traditional and cultural attitudes
* Natural and anthropogenic impacts are not very visible and
often delayed
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+ Damages to the resource base can have far-reaching and
long-term consequences.

Recently, politicians, water authorities and catchment manage-

ment organisations throughout the world have progressively

come to realise that it is necessary to implement sustainable
groundwater management practices now, and that a long-term
perspective is required. However, while the scientific knowl-
edge of hydrogeology, and the physical and chemical charac-
teristics of groundwater, is developing continuously, relatively
little is as yet known about the institutions and policies that
govern the socio-economic aspects of groundwater issues

(Mukherji and Shah, 2005).

In most cases, groundwater managers lack the incentives
necessary to either intervene or effect change in the usual chain
of management processes. Changes in groundwater manage-
ment are usually only called for once a decline in well yields or
water quality affects stakeholders and indispensable services
are at risk (Tuinhof et al., 2003a). Changes in aquifers are often
recognised too late in the management process for subsequent
actions to prevent major damage occurring. Consequently,
many groundwater problems are often associated with gov-
ernance failures rather than the characteristics of physical
resources (e.g., Bakker et al., 2008; Rogers and Hall, 2007).

It is assumed that good groundwater governance embod-
ies technical, economic, judicial, social, institutional and
administrative structures, and an adequate policy arena that
ensures the responsible use and maintenance of groundwater
systems and related ecosystem services. According to Turton
et al. (2006), governance is described as a process of informed
decision-making that enables trade-offs between competing
users of a given resource so as to balance protection and use
in such a way as to mitigate conflict, enhance security, ensure
sustainability and hold government officials accountable for
their actions.

The general failures of current groundwater governance
globally, and the hurdles to be overcome, can be summarised
as follows:

* The intensive use of groundwater resources is of relatively
recent origin, dating back no more than half a century in
most countries

» The institutional landscape relating to groundwater
resources under many government regimes is highly frag-
mented, and sectoral policies and planning processes are
developed in isolation. Cooperation between water manag-
ers, scientists, the private sector and the public barely exist
or are at an early stage in their development.

» Surface water and groundwater are managed separately.
They are not merged in an integrated water management
approach within the context of the overall hydrological
cycle.

* The invisible nature of groundwater makes understand-
ing of the resource characteristics and behaviour in terms
of the geological and hydrogeological settings difficult.
Therefore, it requires much sampling, which is costly and
cumbersome.

* Groundwater management often lacks the financial and
human resources needed for the investigation of the
resource characteristics and functions, especially in devel-
oping countries, and as a consequence there are shortcom-
ings in terms of reasonable legal provisions and pricing
systems

* The dynamic nature of both socio-economic develop-
ment and predictions of global climate change makes
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groundwater management complex, uncertain and often
unpredictable

*  Within the last 2 decades the status of private water — cou-
pled to land ownership — changed to public water in many
countries.

In the context of groundwater management, good governance
needs to involve both issues of resource quantity and qual-

ity. Nevertheless, most legal frameworks treat these 2 aspects
separately. According to the Council of Canadian Academies
(2009), future management requires that decisions concern-
ing resource allocation and use are made transparent through
informed public participation and by fully taking into account
ecosystem requirements, inter-generational equity and precau-
tionary principles.

Groundwater resources at risk — natural and
anthropogenic pressures

The recent impacts of massive groundwater use in many coun-
tries, and the increasing demand for water in the same areas,

is often a double-edged sword. On the one hand, groundwater
use has given rise to several short and medium-term socio-
economic benefits, by providing a basis for new standards in
human well-being, enhancing the diversity of agricultural and
industrial production, supporting urban and rural development,
providing for improvements in health, and reducing poverty
(Mukherji and Shah, 2005). On the other hand, within a very
short period of time, many aquifers worldwide and their related
ecosystems have been put at risk due to high extraction rates.
This mostly results in long-term environmental impacts. In the
following discussion, 3 main factors affecting groundwater
resources are presented, namely, quantity problems, quality
problems, and climate change impacts.

Quantity problems

The increase in the demand for water frequently results in the
overexploitation of aquifers, which in turn leads to the drying-
up of wells. Bromley et al. (2001) highlighted the consequences
of overexploitation in the long-term. Lowered groundwater
tables result in a decoupling of the groundwater and surface
water system, including water exchange between rivers, wet-
lands and springs. Furthermore, lowered groundwater levels
lead to increased costs brought about by the need for water
pumping, the failure of borehole supplies and saline water
intrusion in coastal zones. Danielopol et al. (2003) stated that
the critical reduction in the volume of available subsurface
water reserves due to the permanent increase in water demand
will represent a major environmental trend of the next 25 years.
This trend will be exacerbated by global population growth,
agricultural practices and landscape alterations, increases in
urban areas and in the demand for domestic and public drink-
ing supplies, industrial activities including thermoelectric
production, intensive agriculture and mining, and the growing
tourism sector.

Quality problems

Groundwater quality may be impacted upon by liquids (e.g.,
liquid waste products or oil), by soluble substances in the soil
through which water infiltrates, or by bacteria small enough to
pass through soil pores (Murray et al., 2007). Often contami-
nation makes groundwater unfit for human use and changes
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the structures and functioning of ecosystems. The issue of
groundwater quality, particularly of shallow groundwater, is
becoming more prominent due mainly to increasing popula-
tions, contamination caused by anthropogenic activities such
as mining (e.g., acidification and increased metal content),
urban development (e.g., salinisation, eutrophication, microbial
effects), industry (e.g., infiltration of chemicals and toxins), and
the intensification of agricultural practices (e.g., sedimentation,
infiltration of agro-chemicals and salinisation through irriga-
tion return flows).

Climate change impacts

Another threat to global groundwater security is temporal and
spatial climate variability, including an increase in the occur-
rence of extreme events such as heavy flooding and frequent
periods of drought. As a consequence, the vulnerability of
communities, especially poor rural communities, increases,
thereby hampering local and national economic growth
(Braune and Xu, 2009). The most vulnerable areas are those
with an annual precipitation rate of <500 mm, large coastal
cities, tropical delta areas and small islands. However, there
has not been much research into the impacts of climate change
on groundwater resources and ecosystem services. The IPCC
declared ‘a need to improve understanding and modelling of
climate changes related to the hydrological cycle at scales rel-
evant to decision making. Information about the water related
impacts of climate change is inadequate — especially with
respect to water quality, aquatic ecosystems and groundwater
— including their socio-economic dimension’ (IPCC, 2008 p.
4). It is estimated that climate change will negatively impact
groundwater recharge and baseflow in arid and semi-arid areas
where recharge depends mainly on rainfall events (Kundzewicz
and Doll, 2009; Nyenje and Batelaan, 2009). Groundwater will
be less directly, and more slowly, impacted upon than surface
water bodies. The main reason for this is that rivers are replen-
ished over a shorter time scale and droughts and floods are
quickly reflected in river water levels. Groundwater is affected
much more slowly; for instance, after prolonged droughts aqui-
fer levels starts to decline (BGR, 2008).

Groundwater resources in South Africa

Currently, South Africa’s groundwater resources supply
approximately 15% of the total volume of water consumed
nationally (DWAF, 2002). More than 280 cities and towns

are either wholly or partly dependent on groundwater (Van
Tonder, 1999) and groundwater use has increased dramatically,
from approximately 684 m. m® in 1950 to 1 770 m. m? in 2004
(Braune and Xu, 2008). Approximately 64% of the groundwa-
ter extracted is used for agricultural irrigation purposes, while
exploitation for mining and domestic consumption constitutes
8%. The latest data indicate that a total of 235 000 m. m?%/a is
stored underground, and that between 10 000 m. and 16 000 m.
m?/a are available for use in an average rainfall year, and 7 000
m. m*a in a drought year (DWAF, 2004b).

South Africa’s aquifer systems are characterised by a large
variety of geological structures and climatic conditions that
influence regional hydrogeological settings and, therefore, local
extraction rates (Braune and Xu, 2008). Roughly 80 to 90% of
local groundwater in South Africa circulates in secondary aqui-
fers consisting mainly of shallow zones dominated by fractured
hard rock systems that have virtually no primary porosity (Van
Tonder, 1999).

69



Groundwater quality and quantity problems in South
Africa are mostly related to human activities such as indus-
try and mining, urbanisation and deteriorating standards in
wastewater treatment, agricultural drainage, land use patterns
and waste disposal, all of which affect both human well-being
and ecosystem functioning. For example, high rates of nitrate
contamination can be found around urban centres and in the
high-density rural settlements of the Northern Cape, Northwest
and Limpopo provinces (Tredoux et al., 2009).

Current groundwater management

During the last 2 decades, the management of water resources
in South Africa has undergone substantial change (Braune,
2000). With the democratisation of the country in 1994 came a
policy shift towards providing basic services, including water
and sanitation services, to all inhabitants as soon as possible
(Braune and Xu, 2008). The new policy and the management of
water resources is based on the principles of equity, efficiency
and sustainability, as highlighted in the National Water Act
(NWA) of 1998. The Act recognises °...that the ultimate aim of
water resource management is to achieve the sustainable use of
water of all users,” and furthermore, ‘sustainability and equity
are identified as central guiding principles in the protection, use,
development, conservation, management and control of water
resources’ (Republic of South Africa, 1998). The Act, which
is the principal legal instrument governing all water resources
in South Africa, explicitly seeks to promote the efficient and
sustainable use of groundwater in the public interest, and to
protect aquatic and associated ecosystems and their biological
diversity (Braune, 2000). The most important instrument cre-
ated to achieve these goals is the ecological Reserve. The overall
principle of the Reserve is to meet basic human water needs and
to protect aquatic ecosystems in order to ensure ecologically
sustainable development (Van Wyk et al., 2006). This means that
before any water from a river or an aquifer is allocated to any
use, the environmental requirements of that particular resource
must first be determined and ‘reserved’ (Muller, 2009).

Until 1998 groundwater was a privately-owned asset cou-
pled to property rights (the riparian system). After the NWA
was passed groundwater became a public resource or a resource
with shared entitlements to use (Ashton et al., 1999). The pro-
gressive reallocation of water to sectors of society that were
previously excluded from access to water can help to bridge the
gap between the first and second economies, whilst maintain-
ing existing beneficial water uses and encouraging the greater
efficiencies needed in a water stressed context. The National
Water Resource Strategy (NWRS) provides structural guidelines
on how to protect, use, develop, conserve, manage and control
all water resources in accordance with the requirements of the
policy and law (DWAF, 2004a). The objective of the NWRS is to
take the NWA a step further by providing a more practical and
detailed document; furthermore, this document (the NWRS) has
to be reviewed and rewritten every 5 years.

With the abovementioned change, groundwater was for
the first time considered to be part of the hydrological cycle,
in which all water should have a consistent status in law,
irrespective of where it occurs. Groundwater became part of
South Africa’s integrated water resource management (IWRM)
discourse during the late 1990s, a means to help unlock the full
benefits of sustainable water management for poverty reduction
and economic growth (World Water Council, 2006). However,
this discourse focused primarily on scientific studies of the
physical characteristics of aquifers and neglected many of the
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socio-economic and cultural values associated with groundwa-
ter resources (Colvin and Saayman, 2007).

At present, the South African water sector comprises a
complex set of institutional relationships, involving a myriad of
organisations fulfilling different functions at different political
levels. The management of South Africa’s water resources and
the provision of overall strategies and standards is a national
issue and the Department of Water Affairs (DWA, formerly
the Department of Water Affairs and Forestry (DWAF)) has
overall responsibility for — and authority over — use, allocation,
redistribution and protection. Currently the water regime is
going through a progressive change process, from a central-
ised system towards a decentralisation of responsibilities and
authorities. To implement policy legislation at a regional and
catchment level the DWA regional offices and the catchment
management agencies (CMAs) — as far as established — are
responsible for the management of all water resources within
the 19 water management areas (WMAs; with this number cur-
rently being reduced). At a local level, water user associations
(WUASs) should be developed as the overall acting agencies or
organisations to fulfil the requirements of effective and sustain-
able water management (DWAF, 2004a).

In 2004 the DWAF developed ‘Guidelines for Groundwater
Resources Management’ to provide clear instructions for the
integration of coordinated groundwater management into the
IWRM system in effect in the 19 WMAs of South Africa. The
guidelines state that groundwater management should not be
seen as separate from the management of other water resources
in the WMA but as an integral part of a holistic approach to
water management.

Twelve years after the passing of the NWA, and in particu-
lar following the development of the associated groundwater
management guidelines for resource allocation, South Africa’s
government is still confronted by many obstacles to the achieve-
ment of the stated objectives of equity, efficiency and sustain-
ability. Groundwater resources and associated goods and func-
tions are still undervalued and are not being utilised to their full
potential. Consequently, the question that needs to be asked is:
Why are current groundwater legislations, regulations and guide-
lines neither being enforced nor soundly implemented on the
ground? The motivations behind water legislation in general and
groundwater regulations and guidelines in particular are mostly
difficult to take into account and implement on a regional level
and they are overlooked or neglected by the responsible imple-
menting agencies. This situation is often related to social and
cultural constraints, which are related to stakeholders’ attitudes
and traditional ways of thinking (e.g. property owner of ground-
water, pumping rates for irrigation purposes, achievement of
water licences, etc.) as well as to uncoordinated and fragmented
groundwater governance regimes.

Legislation alone is rarely the only solution to complex
groundwater challenges. Education, raising awareness, cooper-
ation networks and stakeholder involvement are crucial factors
in achieving successful, i.e. sustainable, resource regulation
and management. An attempt to answer the above question is
presented in the following section and some insights into the
barriers to effective and sustainable groundwater management
in South Africa are provided.

Qualitative assessment of current groundwater
management: Methods

The following qualitative assessment of current groundwater
management in South Africa is based on the results of a recent
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Table 1
Overview of the experts chosen to interview

Sector

Agency / Organisation

Number of
interviewees

National government

National Office, Department of Water Affairs (DWA)

Regional Office, DWA, Northern Cape

Research organisations

University of the Witwatersand

University of KwaZulu-Natal

Council for Scientific and Industrial Research (CSIR)

Water Research Commission (WRC)

Conservation organisations | Cap-Net

South African National Biodiversity Institute (SANBI)

Consultants

Water Geoscience Consulting

== W W W= =W

qualitative study. The research was based on semi-structured
interviews conducted with 18 South African experts in the
fields of groundwater resources and ecosystem services during
November/December 2009.

The experts that participated in the face-to-face inter-
views were selected to reflect several types of expertise and
knowledge from different sectoral arenas: politics and admin-
istration, consulting, research and practical nature conserva-
tion (Table 1).

The use of semi-structured interviews was motivated
by the clear advantages of this method. The openness and
flexibility of the approach allow the interviewer to react to
uncertain and unexpected interview situations. Additionally,
open-ended questions allow the interviewer to obtain a deeper
understanding of an individual’s perception and experience by
letting the interviewees focus on the issues they believe to be
the most relevant (Mayring, 2003). Because of their qualitative
nature, semi-structured interviews also posses great potential
with respect to the interpretation of individuals’ contributions
in their appropriate social and political context. During the
assessment phase the interview results were first classified into
4 main clusters comprising the key overall findings and subse-
quently a comparative analysis was conducted to structure the
contents.

In addition to the semi-structured interviews, the experts
were asked to rank the importance of several water manage-
ment measures and tools so as to make water managers aware
of future planning and controlling requirements.

Results

The interview results summarised here focus on some of the
root causes and challenges of groundwater-related problems
and implementation hurdles of existing policy legislations. The
following 4 key findings represent the main issues highlighted
in the interviews with regard to the challenges South Africa
must overcome in order to achieve the sustainable management
of groundwater resources and to transform theory into practice.
The analysis put emphasis on all 3 ‘pillars’ of sustainability,
namely, society, economy and ecology.

Key finding 1: Undervaluation of the importance and
significance of groundwater resources

A major complex of problems concerning the use of ground-
water for domestic purposes and for irrigation schemes

in South Africa exists in people’s minds, which are often
shaped by cultural and ethical patterns. South Africa’s
subsurface water resources are barely recognised as being
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a life-essential resource, and are only exploited during
prolonged periods of drought. This undervaluation might

be linked to the private status attributed to groundwater in
the past (Roman common law) on the one hand, but also to
the invisible nature of aquifer systems on the other hand.

In the experts’ opinion, some perceptions of groundwater
resources are coupled to cultural and ethical goals and
values. Subsurface water resources that belonged in the past
to the owner of the land were used with hardly any gov-
ernmental control or regular monitoring engagement and
landowners had a right to dig or drill wells where required.
The NWA changed access rights and water managers tried to
make people aware of the new groundwater allocation regu-
lations. To change people’s understanding and behaviour
often encounters resistance from groundwater users (e.g.
farmers, municipalities). The attitude of groundwater users,
the manner of usage and techniques were established and
consolidated mostly across several generations. To effect the
acceptance of new access rights is a deeply-rooted cultural
issue which still needs to be considered. Farmers, for exam-
ple, consider rainfall on their property as their own water
and less as a public good. Accordingly, the interviewees
pointed to the challenge faced by current water managers to
establish and implement new approaches, management tools
and to change perceptions of groundwater. It often takes
decades until new approaches, legal restraints and manage-
ment tools are accepted and adapted by groundwater users in
terms of changing traditions and habits.

Further, most of the experts mentioned that groundwater
has long been used in rural areas, especially in the arid and
semi-arid parts of the country. Unfortunately, groundwater is
often perceived as a ‘poor man’s resource’, with groundwater
mainly used for subsistence farming and sanitation purposes.
People in these areas are often isolated and have less contact
with scientists to be able to discuss groundwater management
issues.

In general, the experts highlighted the fact that water
managers, decision-makers and engineers in South Africa
were traditionally trained to build and operate large-scale
surface water infrastructure (e.g. dams, basin-transfer
systems) — rather than to put emphasis on the ‘hidden’
resource. Hence, the development of groundwater tech-
niques, drilling of wells and the science of hydrogeology
were never a major part of South Africa’s water sector. The
interviewees argued that the role of groundwater must find
acceptance in people’s minds, and that it needs to be under-
stood and adopted by water managers, engineers and policy
makers — predominately at national level.

71



Key finding 2: Shortages of expertise and adequate
data

The second key finding concerned the shortfall in hydrogeolog-
ical capacity of both human expertise and physical as well as
socio-economic data related to groundwater resources, aquifer
properties and linkages to human well-being. It was empha-
sised that human resources are lacking at all management
levels — in national and regional offices. Important management
positions remain unfilled or are taken up by people requiring
further specialised training before they can deal appropriately
with the challenges facing their respective positions. The
responsible positions in governmental agencies are changing
on a regular base which makes it difficult to reach a certain
degree on consistency and routine. Technical and professional
expertise is missing at the local level almost nationwide and
groundwater management is currently uncoordinated. This can
be traced back to the fact that there is neither strong leadership
at national level nor a champion of groundwater at catchment
level. Consequently, a clear direction is missing and the imple-
mentation of national water legislation is slow to non-existent.
As a means to handle this problem, the experts claimed that a
groundwater coordinator could play an important role in ensur-
ing a greater understanding of the resource, management and
control of the rates of extraction, and in educating local com-
munities and end-users.

Due to the misallocation of roles and responsibilities, moni-
toring data upon which extraction policies and other regula-
tions can be based is incomplete and an adequate evaluation of
aquifer recharge, discharge and storage is lacking. Shortages
of reliable groundwater data, and a very uneven distribution
of information across the country, induce many misunder-
standings related to the scale of aquifer systems, the distribu-
tion of groundwater resources and the timescales at which
groundwater processes operate. The experts mentioned that
there are some tools available to provide a better collection,
evaluation and verification of groundwater in South Africa.
The National Groundwater Database and the development of
a National Groundwater Archive provide information related
to boreholes and aquifer characteristics and hydrological data.
Unfortunately, the quality of the data is very variable since
there is a lack of complete borehole records and very few data
characterising either the volumetric consumption of aquifers
or the recharge and discharge of different aquifer types are
available. Until now, South Africa has made little investment
in an adequate monitoring infrastructure for aquifer systems
compared to that for surface water resources. Therefore, most
aquifer systems are underutilised and, when it occurs, extrac-
tion is uncontrolled.

In addition to the necessary hydrogeological data, it is
extremely important that socio-economic information is also
collected which plays a more subtle role related to poverty alle-
viation, health standards and social vulnerability. Some inter-
viewees described this situation of expertise and data shortages
as an impasse, as the existing institutional, political, social
and economic systems fail to provide sufficient incentives for
groundwater managers to intervene.

Key finding 3: Centralisation of power

The current management of groundwater by the national and
regional offices of the DWA exhibits huge disparities in terms
of the structures in place for cooperation between the different
political agencies, administrative levels and other stakeholders.
The experts identified horizontal and vertical integration struc-
tures within groundwater management as being the factors that
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determine the success or failure of management. The experts
deemed the organising of linkages between different institu-
tions with relatively autonomous yet interdependent actors

to be central to preventing a fragmentation and separation of
water management structures. Decentralised management sys-
tems may lead to greater efficiency, effectiveness and equity.
In general, South Africa’s water sector lacks these integration
structures, both in terms of the exchange between responsible
administrative levels and in terms of cooperation between
different sectors such as agriculture, land use planning, nature
conservation, forestry and society as a whole. Some of the
experts highlighted the fact that, at national level especially,
government regulators neither interact nor agree on the man-
agement of groundwater and the regulation of aquifer systems.
They suggested that between certain sectors, even within the
DWA, a high level of competition exists in terms of leadership,
data exchange and evaluation responsibilities. Consequently,
the existing hydrogeological information is managed in a
highly uncoordinated manner and does not find application
where necessary.

The involvement of stakeholders in decision-making
processes and resource utilisation is mostly weak and barely
acknowledged by groundwater managers and government
agents. The movement towards ‘bottom-up’ approaches is
crucial for the success of sustainable groundwater manage-
ment but has received hardly any recognition in South Africa.
Nevertheless, there are some sectors with access to organised
meetings and communication networks allowing them to
express their concerns to the national government; e.g., large
farmers reliant upon irrigation and the mining sector. For the
most part, however, the stakeholders are participants in infor-
mal groupings or isolated individuals such as rural farmers.
These stakeholders have neither access to the relevant infor-
mation nor can they afford to join meetings or participate in
educational programmes. According to the experts, tailored
regulation and tools to address local requirements are missing
as there is hardly any discussion taking place between national
government and individual stakeholders, and in many instances
groundwater experts are unwilling to share information with
the general public.

Key finding 4: Disregard of groundwater ecosystems
and associated goods and services

Research into aquifer-dependent ecosystems and ground-
water goods and services is subject to little attention in

the overall context of management and these issues are,
therefore, hardly recognised in the national water legisla-
tion. Ecological approaches are rare in groundwater man-
agement, and are only implemented to a certain degree
(e.g., the Reserve). Water managers are often not aware

of direct linkages between groundwater storage, recharge
and discharge, or of the wide variety of marketable goods
groundwater provides and supports (e.g., food production).
Consequently, South Africa’s groundwater resources tend to
be used with scant regard for economic or other considera-
tions, and the close linkages between groundwater and eco-
system services are mostly undervalued. In many instances
the linkages, between the groundwater resources, the ser-
vices they provide and human well-being, are not apparent,
and because many benefits associated with groundwater are
public goods, the economic value of groundwater often goes
unrecognized. As a consequence, South Africa’s groundwa-
ter resources tend to be used and managed with little or no
regard for economic importance.
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Table 2
Expert ranking of groundwater management tools and measures

Importance Tools and measures

Very important

Implementing existing groundwater legislation and regulations

Improving vertical cooperation structures between actors of different administrative levels

Improving horizontal cooperation between different sectors and agencies

Developing a nationwide information management system

Monitoring of sources of pollution (mining, agriculture, industry, urban waste, etc.)

Developing an aquifer monitoring system and national database to store pertinent data
(recharge, discharge, stream flow, etc.)

Moderately

Intensifying stakeholder involvement (society)

important Raising awareness (society)

Education and training programmes (all stakeholders)

Developing new economic instruments

Implementing existing economic instruments

Changing land-use patterns and cropping systems

Implementing groundwater protection zoning

Opening up of new groundwater resources / exploiting new aquifer systems

Artificial recharging of aquifers / rainwater harvesting

Applying conjunctive use of surface- and groundwater

Developing groundwater models and scenario planning

Of minor

Formulating new groundwater legislation and regulations

importance

Developing transboundary aquifer management systems

There is currently a widespread consensus in South Africa
that the motivations, goals and values of groundwater-associ-
ated ecosystem services cannot be ignored in relation to water
management. Ethical and cultural considerations in regard
to human action and engagement of ecological processes and
functions must become increasingly significant. Nonetheless,
the experts highlight the fact that the groundwater services for
industrial uses (e.g. water for farming and mining activities)
are still preferred over groundwater services supporting eco-
logical functions (e.g. baseflow to rivers and nutrient cycling).
Often this situation results in a huge number of trade-offs. The
most relevant management trade-offs identified by the experts
are the emergence of alien vegetation due to a modified water
balance and artificial water transport systems; the distribution
of baseflow to rivers, springs and wetland systems; the pollu-
tion of soil and aquifer bodies due to contaminated agriculture
and mining return-flows; and finally local competition between
intensive irrigation schemes and natural water requirements.
The analysis revealed the great necessity for research in areas
characterised by commercial agriculture and mining activities,
as these activities impact heavily upon groundwater-dependent
ecosystems and the associated services. Furthermore, the
interviewees stressed the significance of finding approaches to
put a value on ecosystem services (e.g., taxes, tradable permits)
so that water managers have the possibility to consider trade-
offs between all groundwater uses and users, on the one hand,
and to put in place incentives for end-users to save water, on
the other.

Assessment of groundwater management tools
and measures

During the interview the experts were asked to classify the
importance of future groundwater management measures in
South Africa. Groundwater management tools are obviously
important, as they provide incentives for managers and stake-
holders to achieve a sustainable allocation of resources. Apart
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from economic instruments, which seek to prompt groundwater
users to adopt a certain kind of behaviour voluntarily (Kemper
at al., 2003), many management instruments relate to resource
protection, such as aquifer monitoring and evaluation. Further
measures include water legislation and regulatory provisions,
the purpose of which should be to limit activities that might
compromise water availability and quality, or to provide a

legal basis for extraction rates and to stipulate user obligations
(Nanni et al., 2003).

The experts ranked 19 management tools, ranging in
magnitude from ‘of no importance’ to ‘very important’ over the
next 10 to 15 years. The analysis revealed that the interview-
ces categorised all of the management tools as being of either
minor, moderate or great importance. None of the measures
were deemed to be unimportant. Table 2 provides an overview
of all management tools and the importance attributed to them
by the experts interviewed. All of the tools within a particular
category of importance have the same weighting.

The most important management tools identified by the
experts are highlighted in the following. Great importance was
attached to the implementation of existing water legislation and
groundwater regulations. Management approaches recognising
the importance of information management were also deemed
critical, as was the improvement of vertical and horizontal
cooperation structures. Finally, the experts identified the need
to develop adequate monitoring and pollution control systems
as a very important means to detect general changes in ground-
water flow and trends in groundwater quality, and hence to
bridge gaps in scientific understanding of the resource base.

According to the interview results, the development and
future application of groundwater management tools is hin-
dered by an insufficient appreciation of the resource, short-
comings in knowledge and information, centralised system
structures and an inadequate recognition of the significance
of aquifer-dependent ecosystems and services. The outcome
of the assessment reflected linkages between the key findings
and the rankings attributed to the most important groundwater
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management tools, such as the need to develop cooperation
structures and to collect adequate aquifer data on a regular basis.

The following recommendations have been derived from
the results of the qualitative content analysis of the interviews,
underlining the requirements in relation to groundwater man-
agement and providing instructions to water managers and
policy makers.

Recommendations

Recommendations on how to transform current groundwater
management, and the associated challenges, into more promis-
ing and sustainable practices have been formulated for South
Africa’s water managers on the basis of the results of the inter-
view assessment. One must bear in mind that the sustainable
management of groundwater resources is embedded in the spe-
cific socio-economic context and in the physical characteristics
peculiar to each aquifer and groundwater problems are gener-
ally not amenable to rapid solution (Burke and Moench, 2000).
An adequate level of aquifer characterisation and quantification
is crucial in order to provide a scientific foundation for efficient
and sustainable groundwater management (Foster, 2002).
However, moving from scientific knowledge to legisla-
tion and finally to implementation requires a paradigm shift
in people’s mindsets, and often this is not related to financial
shortages or a lack of human capacity. Rather, groundwater
must come to be seen as an integral part of water management
and must be attributed a status equal to that of surface water.
Furthermore, water managers need to recognise the complex
linkages between hydrology, ecology, socio-economics, and
cultural characteristics. The concept of adaptive water manage-
ment presents a promising approach to enhancing and opti-
mising current management in South Africa, and can serve to
counter the existing difficulties and provide adequate solutions.

Adaptive management

The overall idea behind adaptive management builds upon the
recognition of the fact that ecosystems are complex, adaptive
and self-organising systems that must be managed in such a
way that it is possible to adjust to changes or unexpected occur-
rences (Gunderson and Holling, 2001). A more encompassing
interpretation of adaptive management was provided by Pahl-
Wostl et al (2010 p. 573): ‘Adaptive management is a systematic
process for improving management policies and practices by
systemic learning from the outcomes of implemented manage-
ment strategies and by taking into account changes in external
factors in a pro-active manner.” It involves a well-planned
iterative process of selecting and testing several scenarios and
goals, and of assessing the responses to the corresponding man-
agement interventions (Rogers et al., 2000). Hence, adaptive
management implies a ‘learning by doing’ approach, it consid-
ers uncertainties explicitly and it requires a basic rethinking of
what management means in an uncertain and changing envi-
ronment consisting of various complex systems (Pahl-Wostl et
al., 2007). According to Maimone (2004), adaptive manage-
ment represents the only approach available when dealing with
uncertainties in knowledge and the variability of social atti-
tudes to sustainable groundwater resources.

Given the historical development of groundwater man-
agement in South Africa, most management structures do
not provide the structural conditions necessary to implement
adaptive management approaches. The ability to implement
adaptive management depends on a number of structural
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regime characteristics. One cannot easily move from a highly

centralised groundwater system to polycentric and participa-

tory management practices without changing certain structural
conditions in the management arena. Essential requirements
for a paradigm shift towards adaptive management in general

include (Pahl-Wostl, 2008; UNEP, 2003):

* A shift towards participatory management and collabora-
tive decision making, including both governmental and
non-governmental actors at all levels

* Greater integration of different research issues and inter-
disciplinary sectors such as agriculture, water, tourism,
environment, mining and forestry

* Decentralised and more flexible management approaches
that take uncertainties and surprises into account

* The putting in place of widely accepted and clear water
laws and rights or, in their absence, a practicable system of
incentives

* The incorporation of ecological goals and values, and their
inclusion in formal legislation to be implemented at all
levels

* The provision of access to information, as well as the
planned collection of data and monitoring of groundwater
quality and quantity.

The next section presents guiding principles for management
intended to facilitate a move towards adaptive management
practices that are capable of coping with the dual pressures

of: biophysical stressors, such as climate-related hazards; and
meeting socio-economic demands for sustainable development
in South Africa.

Management response

The South African groundwater governance regime to date has
lacked the capacity for adaptive management. The essential
requirements presented above are very rarely met in practice,
their implementation can be difficult, and the move from con-
ventional bureaucracies to adaptive structures is time consum-
ing. Calls for a management response to groundwater use often
only arise when there is a drastic decline in well yields or when
water quality affects stakeholders. It is essential that it be rec-
ognised that managing groundwater resources is as much about
managing people and includes cultural and ethical attitudes. In
other words, the socio-economic dimension is as important as
the hydrogeological dimension, and the integration of both is
always required (Tuinhof et al., 2003b).

In order to achieve adaptive management, and indeed
to make adaptive management possible, a number of long-
term principles should be taken into account, thereby making
improvements in the institutional arena of sustainable groundwa-
ter management and overcoming the key constraints outlined in
the interview results. The principles build upon the philosophy
of adaptive water management and include some management
methods and tools which are assumed to support the integrated
management goals as constituted in the NWA and NWRS. This
mainly comprises a shift away from a technical management
paradigm that is based primarily on centralised control and the
building of hard physical infrastructure towards more open,
participatory and polycentric management practices (Cots et al.,
2009). Great emphasis, therefore, is placed on building a capacity
for socio-economic and ecological resilience, as well as creating
conditions for cooperation networks and bottom-up approaches.

One has to bear in mind that there are manifold opportu-
nities, approaches and frameworks related to different actor
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Table 3
Methods and tools which can be used in network meetings (Ridder et al., 2005)

Name of method
or tool

Short description

Brainstorming

Workshop setting focused on the collection of a large number of ideas on a specific subject

Focus group

Group interviews with 6-10 people at the same time — to compare similarities and differences afterwards

Group model
building

Facilitated session in which participants build a model to improve their understanding of the issue/problem

Interviews

Discussions, usually with open questions and the possibility of extensive answers

Problem / cause
analysis

In-depth analysis of causal network which is behind a problem

Public audience /

public hearing collecting opinions

Meeting which presents the public with information and provides a forum for answering questions and

Role-playing game

Gaming situation in which players take certain roles in a real or imaginary context

Scenario building

possible consequences are explored

Workshop setting in which policy options for the present and the immediate future are debated and their

Table 4
Baseline and time-variant data for groundwater monitoring systems (adopted from
Tuinhof et al., 2003b)

Type of data Baseline data

Time-variant data

Groundwater occurrence | ¢
and aquifer properties

Water well records (hydrogeological
logs, water levels and quality) .
»  Well and aquifer pumping tests

.

Groundwater level monitoring
Groundwater quality
monitoring

Groundwater use .

Water well pump installations .
+  Water use inventories

» Population registers and forecasts
» Energy consumption for irrigation

Water well abstraction
monitoring

Well groundwater level
variations

Supporting information |+ Climatic data
* Land-use patterns
* Geological maps

* River-flow gauging
*  Meteorological observations
+ Satellite land-use surveys

groups and management goals. Here, the principles have been
developed mainly for water managers and policy makers in
South Africa, and seek to bring previously fragmented policy
interventions under a unifying governance structure, includ-
ing stakeholders from all relevant levels, and maintaining the
ecosystem services provided by aquifer systems.

Principle I: Change the negative overall perception of
groundwater

Change mindsets and make people aware of groundwater as

a source of freshwater that is just as valuable as surface water
and try to revise negative perceptions of subsurface resources
by means of regular public awareness-raising campaigns,
training and education programmes. The role and value of
groundwater must be emphasised by managers and scientists
by integrating groundwater into river basin management. An
opportunity for policy makers and water managers would be to
introduce the concept of ‘conjunctive use’, which is an expres-
sion to describe the complementary abstraction of surface and
groundwater resources. This concept is strongly recommended
for South Africa based on 2 main reasons, namely: the ground-
water issue is more present in water management and hence in
people minds; and due to climatic changes this concept offers

an adaptive strategy to already-present surface water shortages.

Further, it is necessary to build strong cooperation net-
works in which people can meet, interact, exchange experi-
ences and seek to achieve a new understanding of the benefits
groundwater provides. This can help to broaden people’s
horizons and offers new opinions and solutions to a certain
problem (e.g. access to water). Table 3 provides an overview of
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recommended methods and tools which can be used to build up
or strengthen networks and meetings at a local scale, which are
applicable to all education standards of the stakeholders.

These network meetings must include representatives of
national government, CMAs, WUAs, local municipalities,
NGOs and groundwater experts. Crucial to build up trust
between the network co-operators are regular meetings, infor-
mation exchange and access (socio-economic and ecological
data), as well as technical and financial support by the govern-
ment. The problems and concerns of individual stakeholders
must be taken seriously and discussed in open meetings. Beside
team building a further effect is to strengthen socio-economi-
cal interests. Successful farmers, for example, could introduce
‘best-practices’ and experiences to support emerging farmers.

Principle II: Improve knowledge, skills and expand
the existing database

Education and awareness-raising are basic principles for adap-
tive and sustainable groundwater management. The widespread
lack of information and data pertaining to groundwater is

one of the underlying causes of many of the problems related
to effective and sustainable management. Data is central to
enhancing knowledge and capacity building with regard to
groundwater skills (e.g., scientific education programmes, aca-
demic studies) and is also vital for the integration of groundwa-
ter in water management overall. The evaluation of groundwa-
ter issues and the implementation of appropriate management
solutions requires, according to Tuinhof et al. (2003a), in
particular, hydrogeological data which can be divided into
‘baseline’ and ‘time-variant’ components (Table 4).
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The development of aquifer monitoring systems, regular
data evaluation and the designation of certain groundwater
protection zones such as springs or wetlands will facilitate
the incorporation of groundwater into efficient management
approaches. An emphasis needs to be placed on local-scale
examinations of groundwater datasets and on greater cogni-
sance of local aquifer characteristics. In the long term it is
crucial that the education of children becomes more impor-
tant in order to shift society’s awareness and understand-
ing of groundwater problems and alternative management
opportunities.

Principle llI: Develop strong leadership for improved

communication and guidance

Establish a strong groundwater leadership, coordinator or

champion. The leadership can either be established for each

WMA or a smaller unit (e.g. hydrogeological unit). This person

will form a key link in local groundwater management both for

planning and implementation processes. A good leadership is
required to facilitate communication between all of the relevant
stakeholders, sectors and governmental agencies, and to sup-
port information exchange between stakeholders and national
governments; in other words, the groundwater coordinator
gives a voice to everyone. Further leadership is required in
order to provide practical instructions to implement national
water legislation at local level. The groundwater champion
should not be seen as the head or chief of groundwater manage-
ment, rather he/she takes a ‘control centre’ role of communica-
tion and administration. Good leadership is indicated by the
following attributes:

* Educated: a groundwater champion must understand hydro-
geological mechanisms, socio-economic development,
institutional and administrative groundwater regulations
and must be able to link cross-cutting issues (e.g. agricul-
ture, wastewater treatment, forestry, etc.) to aquifer man-
agement. Most important is understanding the linkages and
interdependencies between these diverse components.

* Open: a groundwater champion must adopt an open attitude
and does not make unilateral decisions; rather he/she must
be open-minded and respect and support all stakeholders’
goals and values in an integrative manner

* Flexible and adaptive: a groundwater champion must
provide a high capacity to manage groundwater resources
and by including the manifold interests of stakeholders in
the catchment. Governing aquifer systems is concerned
with learning how to avoid negative side-effects (e.g.
water table drop, decrease of water quality). Hence, the
leader must provide the ability to cope with and adapt to
changing conditions in the catchment (e.g. micro-climate
change).

e Trustful: a groundwater champion must build up trust
between him/her and the stakeholders and between the
stakeholders themselves. This is a core attribute especially
in rural areas or small municipalities which did not experi-
ence much attention from the government in the past.

There are many more attributes related to a strong and efficient
leader for groundwater resources. It is recommended for each
area — proposed to have a groundwater champion — to take

into account all goals, values, problems and possible solutions
related to aquifer planning. First these issues must be addressed
in regular meetings and subsequently a leadership must be
chosen who is able to address the interests of the stakeholders
in his/her catchment.
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Principle IV: Advocate local needs and bottom-up

approaches

Before initiating stakeholder meetings it must be clear who

needs to be involved in groundwater management and local

resource regulations. It is crucial to take into account diverse
local water requirements and individual needs. The sustainable
management of groundwater resources depends on decisions of
numerous actors who have individual goals and values related
to economic development, social welfare or ecological conser-
vation — sustainable and efficient groundwater management
needs, inter alia, a broad integration of bottom-up approaches
by including a wide array of diverse stakeholders. According
to Burke and Moench (2000), the following 4 groups should
constitute the core group of active actors in terms of achieving
systematic and adaptive groundwater management:

* Local stakeholders — water users and others whose inter-
ests are directly affected by groundwater management and
whose actions often determine the effectiveness of any
given initiative

* Policy makers (regional and national) — those who have
the ability to influence the institutional arena within which
management approaches must evolve

* Public sector organisations — these stakeholders often have
their own internal agendas and control large programmes
that have major impacts on groundwater resources

* Private sector organisations — these stakeholders are often
major water users (e.g. agriculture or mining industries)
whose interests may or may not coincide with those of local
stakeholders

Correspondingly, it is strongly recommended to develop legal
entities with clear mandates for self-regulation taken from
government. Bottom-up approaches should be supported by
the water services authorities, water boards and water services
providers. Stakeholders’ understanding of emerging problems
often increases the scope of possible interventions. Hence,
participation of the local people represents a critical starting
point for management, but without excluding other regulatory,
economic or technical avenues. The national government can
promote bottom-up approaches by playing an active role in
the mobilisation of people in local processes, providing funds
and technical services for local initiatives, investing in infra-
structure, building capacity and expertise among practition-
ers, and coordinating initiatives that span more than one local
government (Bardhan, 2002). In order to develop bottom-up
approaches water managers have to address some core ques-
tions assumed to be important for efficiency and success
(according to Burke and Moench, 2000):
*  What is the structure or context governing management
attempts and approaches?
*  Who needs to be involved (see core group of active actors)?
*  Why is local regulation and management important?
* How are actions going to address real problems?
*  When are actions going to take place?

It is recommended to develop for each WMA or hydrogeo-
logical unit a strategic management framework — based on
individual and local requirements — to specify the linkages
between context/structure (including social, cultural, economic
and ecological characteristics), state of the aquifer system
(including physical measurements), management approaches
and development goals. Since social, economic and hydrologi-
cal systems are dynamic rather than static, the framework must
be flexible and adaptive. It must be possible to change certain
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approaches and goals without degrading the aquifers and
dependent ecosystems, or, in other words, the framework needs
to guide an iterative process through which emerging problems
can be addressed and evolved. It further supports bottom-up
approaches by assigning roles and responsibilities to local
stakeholders. This indicates a clear structure of complex tasks
and makes people feel significant and meaningful in what they
do and what they can achieve.

Principle V: Be aware of important ecosystem goods
and functions that people obtain from aquifers
Maintaining the health of groundwater systems implies con-
siderable benefits for human well-being, economic growth
and the conservation of biodiversity. Therefore it is crucial
to investigate aquifer-dependent ecosystems and include a
detailed assessment of groundwater-associated ecosystem
services. As far as is possible, include an elaborate valua-
tion approach for direct (e.g. monetary value) and indirect
(cultural, religious or spiritual value) ecosystem services.
Groundwater and associated ecosystem services tend to be
undervalued in general. In particular, many of the social
and cultural values associated with groundwater use are
poorly reflected in markets. In the absence of a market price
for groundwater services it is recommended to measure its
value through the users’ willingness to pay for a given quan-
tity and quality of supply. For industrial usage of groundwa-
ter services it is recommend to establish efficient and ade-
quate water markets which require clear, enforceable (and
often private) property rights, high levels of information
availability, minimal externalities, low transaction costs,
feasible competition, and clear definite ‘solutions of continu-
ity’ (Burke and Moench, 2000). Several economic tools are
available to stimulate an economic actor (groundwater user)
to voluntarily adopt a certain behaviour which aims to reach
a more efficient and sustainable groundwater allocation (e.g.
stabilise groundwater levels by reducing over-abstraction,
diminishing the risk of negative impacts and social conflicts,
and delaying the need for investment in alternative water
resources). According to Kemper et al. (2003) some impor-
tant economic instruments to support sustainable ground-
water (ecosystem) management are:
* Modification to agriculture and food trade policies
* Subsidies to encourage real water-saving measures
» Subsidies for use of more efficient irrigation technology to
decrease agrochemical leaching
» Subsidies for industries/municipalities to implement appro-
priate water treatment technologies

The most important element to make economic instru-
ments work in South Africa is to ensure enforcement and the
assignment of responsibilities and roles including bottom-up
approaches and the establishment of strong leadership (see
Principles III and I'V).

In summary, education, information, cooperation net-
works, leadership, ecological awareness and the establishment
of adequate groundwater markets are cornerstones on which
governance and the implementation of South Africa’s ground-
water management will operate and upon which the require-
ments of the NWA will be effectively implemented. Therefore,
groundwater managers must establish a holistic approach to
their thinking in order to cope with future uncertainties, such
as water scarcity, water pollution and the impacts of global
climate change, in order to implement sufficiently the NWA,
NWRS and groundwater guidelines.
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Conclusions and outlook

Given the very critical nature of the water situation in South
Africa, it is vital that groundwater issues feature on national
and regional management agendas. Groundwater makes up

the bulk of freshwater supply and provides many different
ecosystem services to support socio-economic and ecological
systems. Current water management mechanisms and policies
in South Africa do not take into consideration the full potential
of subterranean water resources and the contribution they make
to human well-being. Although South Africa’s water legisla-
tion includes groundwater resources as an integral part of the
hydrological cycle, and offers unique and flexible set-ups to
fulfil the requirements of the National Water Act, the imple-
mentation is weak and hardly realised in the 19 WMAs of the
country.

The aim of this research was to identify major challenges
facing sustainable and adaptive groundwater management in
South Africa and gaps towards the practical implementation of
policy legislation. Many of these challenges lie in the domain
of cooperation structures within institutional and political
agencies. Existing governance systems, and their perfor-
mance, are characterised by knowledge gaps and a scarcity of
the necessary data pertaining to aquifers. National and local
governments need to undertake coordinated and interdiscipli-
nary action to: minimise the adverse impacts of anthropogenic
activities; protect sensitive aquifer-dependent ecosystems and
associated ecosystem services; facilitate access to freshwater
to meet basic needs; and introduce and support bottom-up
approaches by considering individual goals and values.

It is concluded that water managers and policy makers need
to make the adaptive water management approach a high prior-
ity as a means to overcome the challenges facing groundwater
and to improve the existing structures in the political arena.
Accordingly, principles were set out to assist in the imple-
mentation of adaptive water management. It is crucial that the
principles are consistent with ecological and socio-economic
requirements and diverse stakeholders’ goals and values.

It is strongly recommended that the social, cultural, ethi-
cal, and economic dimension is considered to be as important
as the technical and physical dimension in the evolution and
implementation of management approaches and tools, to ensure
that all 3 sustainability pillars, society, economy and ecology,
are addressed, and to fulfil the principles of equity, efficiency
and sustainability as defined in the National Water Act of South
Africa.

South Africans with a stake in groundwater issues must
be made aware of the many benefits they derive from healthy
aquifer systems. By recognising the many advantages ground-
water provides to human well-being, people may treat and man-
age subsurface water resources in a more sensitive manner and
experience the many benefits groundwater has to offer.
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