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Executive Summary

Patterns of growing urban water demand and increasing drought risk intersect in a context of
infrastructure deficits, construction delays and insufficient maintenance in many of South Africa’s
metropolitan municipalities. Groundwater is being turned to in times of crisis as a quick solution to
supplement supplies and make up surface water deficits, both by public water service providers and
private water users, including domestic, commercial and industrial users. Exploiting groundwater
during crises, as an urgent and reactive measure, gives rise to poorly coordinated regulation of
increasing users and usage, and fragmented management of aquifers. This undermines the
sustainability with which groundwater resources are used and managed, putting both aquifers and
those reliant on groundwater at risk of over-depletion and pollution. Designing interventions and
innovations that ensure sustainable management of these resources requires systems-thinking,
where the city is understood as a system of interdependent actors and flows of water.

This study focused on the metropolitan municipalities of Cape Town and Nelson Mandela Bay (NMB)
as ‘learning laboratories’ to co-produce a more comprehensive understanding of each urban water
system. The focus was on how groundwater links with other urban water flows, what actors
influence these water flows, and how things may change under various climate change and land use
scenarios. The work is framed within the idea and the policy goal of cities transitioning to become
water sensitive cities characterised by adaptive, multi-functional infrastructure providing access to
diverse water sources, urban design that reinforces water sensitive behaviours, and equitable
communities that are resilient to climate change.

An urban water metabolism (UWM) analysis was conducted to build the picture of how groundwater
fits into the urban water cycle by quantifying the hydrological and anthropogenic components and
conducting an integrated mass balance. The impact of various scenarios of climate change and land
use on the water mass balance for each city were explored and discussed at length during the
Learning Labs. For NMB, the water mix as of 2022, before any major new drought-response
interventions have come online, is compared against the planned future water mix and a
hypothetical water mix according to the principles of a water sensitive city. For Cape Town, the
scenarios focussed on: (1) only climatic changes, with rainfall reducing by 10% and
evapotranspiration increasing by 10%; (2) land cover changes, assessing an extreme of all cultivated
land being transformed to residential; (3) an extreme scenario which combines climatic changes
(-10% for MAP, +10% for EVT) with all cultivated and residential areas become impervious hard
urban spaces; and (4) a slightly less extreme scenario of reduced MAP (-10%), increased EVT (+10%),
and land-use change reflecting the drive for residential densification with all existing residential
areas becoming hard urban spaces, and all cultivated land becoming residential. The scenarios are
broad and crude because the emphasis was not on accuracy but on exploring with Learning Lab
participants the heuristic value of the framework for bringing stakeholders with diverse perspectives
on and knowledge of the urban water system onto the same page to think about the potential
impacts of climate and land-use change on water flows through the city.

The governance analysis comprised individual interviews, reviewing relevant documents, and several
participatory exercises conducted during Learning Lab workshops. The analysis highlighted that
many state and non-state actors have a stake in shaping the trajectory of groundwater quantities
and qualities in cities, as regulators, service providers, water users, knowledge providers, investors in
infrastructure, and emergency responders. Currently, neither DWS nor the CCT and NMBM
municipal governments have the necessary capacity nor the cooperative governance mechanisms in
place to implement what is laid out in the National Groundwater Strategy (DWS, 2016), the Urban



Groundwater Development and Management framework and tactical plan (Seyler et al., 2019), or
the municipal water by-laws in either of these two cities. Traditional forms of governing by
command and control are proving ineffective in sustainably utilising and protecting groundwater
resources in densely populated and growing metropolitan municipalities. Therefore, more
consultative and cooperative forms of governance are required that build a culture of care and
shared responsibility. New partnerships, trust building and bridging organisations are needed to
create the enabling conditions for data sharing and more collaborative forms of decision making.
Experiences from Cape Town’s aquifer monitoring committees offer a promise of lessons in how to
structure and convene urban groundwater user associations to facilitate localised data sharing and
self-regulation of usage under dynamic and changing conditions. Intermediary and networking
organisations such as the Western Cape Economic Development Partnership, Green Cape and the
NMB Business Chamber, need to be encouraged and supported to interface on groundwater issues
and act as brokers between government entities, businesses and residents.

The multi-stakeholder Learning Labs created an engaging space to build a shared understanding of
how possible urban and climate changes could play out from a holistic water perspective, and which
actors have influence over various ways of enhancing the hydrological performance of the cities,
notably through enhancing stormwater infiltration and increasing the reuse of treated wastewater
for non-potable uses and managed aquifer recharge. We argue that planning for resilience against
drought should not be limited to water supply alone. Groundwater and aquifers have a critical role
to play in cities providing much needed evaporative free storage and supporting the health of green
spaces for urban cooling and recreational spaces for improved liveability and well-being.
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1. Introduction

Growing urban settlements in South Africa — growing in terms of numbers of residents, amount and
diversity of economic activities, spatial extent, and density — face growing water demands. Where
urban settlements experience drought conditions, especially multiple consecutive years of below
average rainfall, they face particularly severe water provision short falls. This has recently been
experienced in various parts of the Eastern and Western Cape, notably including Nelson Mandela
Bay and Cape Town (Seyler et al., 2019). Patterns of growing urban water demand and potentially
increasing drought risk intersect in a context of infrastructure deficits, construction delays and
insufficient maintenance in many of South Africa’s metropolitan municipalities. Groundwater is
often turned to in times of crisis as a quick solution to supplement supplies and make up surface
water deficits, both by public water service providers and private water users. This is increasingly
happening across South Africa, although it is a global phenomenon, leading to rising competition
over usage rights between agricultural, industrial and urban users (Foster and Gardufio, 2013;
Foster, 2020).

Turning to groundwater during crises, as a reactive measure, gives rise to poorly coordinated
regulation of increasing users and usage, and fragmented management of the resource as a whole.
This fragmentation undermines the sustainability with which groundwater resources are used and
managed, putting both aquifers and those reliant on using groundwater at risk of over-depletion and
pollution, compromising the quantity and quality of groundwater available (Howard, 2015). Because
groundwater is a distributed resource, widespread mechanisms, capacities and incentives are
needed to adequately monitor, report and regulate groundwater usage and levels (Luker and Harris,
2019). However, in South Africa, the governance of groundwater remains weak with insufficient
monitoring, reporting and enforcement of regulations (Pietersen et al., 2011; Adams et al., 2015;
Seyler et al., 2019).

The study of groundwater governance arrangements in growing urban contexts is essential to
understand which actors are currently involved in using and managing groundwater and how these
relate with the resource and each other (Howard, 2015; Seward and Xu, 2019). An understanding of
the current governance network is needed as a basis for designing interventions and innovations to
strengthen the arrangements in ways that enable more sustainable management of aquifers and
groundwater resources, especially as they become more heavily exploited and relied upon to buffer
drought conditions.

The project entitled ‘Governing groundwater flows for growing cities facing drought risks’ (GoFlow),
funded by the Water Research Commission, was designed to strengthen the collaborative capacity
to adaptively manage groundwater flows in and around growing urban areas under changing climate
conditions. It did so with a focus on the Cape Town and Nelson Mandela Bay city regions as ‘learning
laboratories’ for developing knowledge on urban water metabolism, groundwater governance
networks and decision-making that could be applied in other urban contexts. The three objectives of
the project were to:

1. Conduct urban water metabolism analysis for two selected city regions by quantifying all
anthropogenic (bulk supply, consumption, ‘waste’ water) and hydrological (precipitation,
evapotranspiration, runoff, recharge) components of the urban water cycle and highlight
knowledge/data gaps.



2. Using the urban water metabolism analysis, explore changes under a range of likely
hydrological shifts (long-term trends) and land cover scenarios (with focus on
imperviousness) for 2040-2060.

3. Analyse current institutional arrangements for groundwater governance in the two city
regional cases and facilitate multi-stakeholder Learning Lab engagements around the
applicability of the urban water metabolism analysis and scenarios to improve a shared
understanding of groundwater as part of the larger urban water cycle and strengthen
capacity for participation in decision making.

This report, the final deliverable of the GoFlow project, presents a consolidated set of findings from
the application of the urban water metabolism (UWM) and nodal governance frameworks in Cape
Town and Nelson Mandela Bay, deployed through a stakeholder engagement and learning process.
It discusses the extent to which the use of these analytical frameworks in participatory ways shows
promise for strengthening adaptive groundwater management in the face of climate and urban
change.

The report is structured as follows. Chapter 2 lays out the conceptual underpinnings and framing of
the work, in terms of drought risk, urban adaptation, urban water metabolism, and groundwater
governance, focussing on social network theory. The following chapter (3) introduces the context of
the two South African cities that are cases studied in this research. Chapter 4 focuses on patterns of
drought risk facing the two cities. Chapter 5 lays out the methodology for analysing a city’s water
metabolism, groundwater governance nodes and actor networks, involving participatory exercises in
a series of Learning Labs. Chapters 6 and 7 present the findings on urban water metabolism and
urban groundwater governance respectively, before chapter 8 then discusses these findings in
relation to the use of these analyses and associated scenarios in improving a shared understanding
of groundwater as part of the larger urban water cycle and strengthening participation in adaptively
managing drought risks. Particular focus is placed on the use and usability of drought risk
information and water metabolism information in city-scale and sub-city scale decision-making.
Finally, chapter 9 ends the report with a set of conclusions from this study, including
recommendations for future research.

This work builds on and relates in important ways to other WRC-commissioned work. Most notable
is the recent work undertaken by Kotzé et al. (2019) and Seyler et al. (2019). Kotzé et al. (2019) put
together a training manual to be used as a resource by municipal officials and decision-makers in
South Africa’s cities and towns to increase their knowledge and skills for sustainably using and
protecting groundwater resources. Seyler et al. (2019) laid out the status quo of urban groundwater
development and management in South Africa, looked at international best practices for urban
groundwater management, and suggested a tactical plan to address the gaps between the South
African status quo and best practice. The earlier work by Pietersen, Beekman and Holland (2011) laid
out the South African Groundwater Governance context, into which the focus on urban contexts fits,
and Riemann et al. (2011) suggested a pragmatic framework and proposed set of responsibilities for
managing aquifer protection and aquifer utilisation at the local level. The distinction between
governance and management is an important one, which will be addressed in the following chapter.
The comprehensive study of strategic water source areas across South Africa, Lesotho, and
Swaziland, by Le Maitre et al. (2018) clearly identified the lack of effective urban groundwater
management as a risk, both with respect to pollution and contamination of aquifers and the
potential for unsustainable over-abstraction. Also of relevance is the work of Tanner and Hughes



(2015) exploring the utility of the Pitman model in capturing the interactions between surface water
and groundwater at the catchment scale in South Africa as a basis for managing uncertainty in
making water management decisions. The more that these strands of work can be brought into
conversation and tested operationally the better.



2. Conceptual framing

2.1.  Drought risk & urban adaptation
South Africa is a water-scarce country, already severely constrained by low rainfall in most parts of
the country. While rural and agricultural water security has been the focus of much research (Bahta,
Jordaan and Muyambo, 2016; Meza et al., 2021), and many disaster risk reduction programmes that
aim to alleviate drought risk and vulnerability, it is only recently that attention is turning to cities.
South Africa has followed the global trend in increasing urbanisation: already more than 63% of the
population are living in urban areas with an expected increase to 80% by 2050 (Carden, Ellis and
Armitage, 2016). Water security in South Africa is severely challenged by the compounding impacts
of population increases, rapid urbanisation, increasing frequency and severity of drought (Richard et
al., 2001), decreasing quality of available water and often inadequate management of water
resources (Carden, Ellis and Armitage, 2016). This research stems from the risks that drought poses
to growing South African cities, however we consider all risks to water security as interdependent
and important when looking at governing groundwater as an adaptation measure to a changing
climate.

Drought risk takes shape very differently for each city in South Africa owing to its own unique
climatic and rainfall regime, as well as the physical and topographic setting of the region, as
discussed further in chapter 4. Overlaying the physical components that drive and exacerbate the
impacts of drought are the socio-economic and policy landscapes that make risk, response and
capacity to adapt to increasing drought contextually very specific. Understanding the true impact of
drought on cities requires a focus on interactions between different actors and entities that make up
the city as an urban system. It requires being able to see cities in the context of their relations to
water sources, to how water moves through the city, to water-reliant ecosystems and uses and to
how the socio-economic and policy landscapes shape such interaction currently and in future
climatic and socio-economic scenarios.

There is increasing recognition globally and in South Africa of the need to evolve beyond traditional
urban water management systems that focus solely on water supply, treatment and discharge of
wastewater effluent, drainage and flood control services. Conventional water management
approaches are fast becoming ill-equipped to meet the diverse and complex needs of cities in a
context of rapid urban growth combined with the impacts of climate change (Wong, Rogers and
Brown, 2020). There are now many examples of cities across the globe embracing a more systems-
thinking approach to urban water management practices. While various novel water management
frameworks and concepts exist, such as Integrated Urban Water Management (IUWM) (Werbeloff
and Brown, 2011), Sponge Cities (Yin etr al., 2021), Water Wise City (Koop and van Leeuwen, 2015),
Water Sensitive Cities (Wong and Brown, 2009; Wong, Rogers and Brown, 2020) and Water Sensitive
Urban Design (Wong, 2006), all are grounded in a systems thinking approach and aim to integrate
liveability, sustainability and climate resilience into water management objectives to varying
degrees. Brown et al. (2009) present a framework that characterises cities along the transition
towards the aspiration of a sustainable city (see figure 1). The framework describes the several
transition states of urban water management, from the most basic of service delivery: the water
supply city on the far left of figure 1, to the aspirational future state of a water sensitive city on the
far right. Such an envisioned state represents the culmination of water supply, sanitation, flood
protection and environmental protection servicing strategies that ensure long term sustainability,
liveability, resilience and prosperity (Ferguson, Frantzeskaki and Brown, 2013; Wong, Rogers and
Brown, 2020).
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Figure 1. Urban water management transitions framework taken from (Brown, Keath, and Wong,
2009) presenting a typology of different states that cities transition through when pursuing change
towards more sustainable futures.

To operationalise the transition to a water sensitive city, three guiding water sensitive cities
principles of practice were identified by Wong and Brown (2009), encompassing 3 key pillars: 1)
cities as supply catchments within which there is access to diverse water sources, including both
centralised and decentralised sources; 2) cities providing ecosystem services through urban
landscapes made up of built infrastructures that actively support and supplement ecological
infrastructures; and 3) cities comprising water sensitive communities within which socio-political
capital accrues from engaging in water sensitive behaviours. Applying such principles requires
solutions that are wholly context specific, taking into account geomorphology, hydrology, local
operating environments, governance structures and institutional conditions, all of which will
influence local water management strategies.

At its core, a water sensitive city approaches urban water management as a holistic system and aims
to ensure that basic human needs are met, while protecting and enhancing receiving waterways and
aquifers, reducing flood risk and creating beautiful green and blue urban spaces for healthy and
happy communities. Globally, examples of water sensitive initiatives can be found in Australia,
where cities are caught between drought and seasonal flooding (Wong and Brown, 2009; Dolman etr
al., 2014); Singapore who recycle and treat effluent for drinking water (Wong and Brown, 2009;
Irvine et al., 2014) and in the Netherlands, where cities are making ‘room for the river’ (Warner and
Van Buuren, 2011). While some cities have achieved elements of the transitions involved in changing
from a water supply city to a water cycle city or even a water sensitive city (as depicted in figure 1),
comprehensive service delivery functions remain challenged in many cities in the global South. For
example, Bangalore in India faces acute water shortages and insecurity in terms of imbalance
between water supply and demand, with many poorer residents having no formal access to treated
water supply nor adequate sanitation (Raj, 2013; Paul et al., 2018). The challenges and constraints



on improving the supply system include low cost-recovery due to rising unaccounted for and non-
revenue water, as well as large water losses (Raj, 2013). However, these socio-economic challenges
are severely compounded and magnified by the frequency of drought in the region (Lokesh and
Poddar, no date; Reddy, Bhakar and Purohit, no date). Cities in the global South face very real
challenges in making the transitions towards a water sensitive city as they are often stuck in crisis
response mode, where funding and effort are locked into averting or recovering from disasters and
persistent water crises, rather than being used in proactive, future-oriented strategic urban
planning.

Urban water insecurity can be considered the culmination of external factors, such as growing urban
populations, competition for other uses such as agriculture or erratic supply due to climate change
impacts, and internal factors such as reliance on single water sources, linear flows of water, or a
failure to use all available sources of water within the city itself (Renouf, Kenway and Serrao-
Neumann, 2015). Essentially cities, considered as urban systems, are most often highly resource
inefficient and are thus more vulnerable to external stresses and pressures. Despite historical
experience of drought, the responses of many municipalities are reactionary, where drought is dealt
with as an emergency, rather than in strategic planning processes (Pietersen, 2021). Groundwater is
turned to in times of drought or crisis, with boreholes being drilled often in an uncoordinated quick-
fix solution to supplement surface water for both public utilities and private water users, leading to
rising competition between agricultural and urban users (Foster, 2020). Turning to groundwater
during times of crisis as a reactive measure leads to poorly coordinated regulation and fragmented
management of the resource as a whole. Groundwater is also often only considered as a water
supply option, and rarely viewed through the lens of its contribution to whole-of-system
sustainability and resilience, for example feeding streams, wetlands and aquatic ecosystems.
Planning for adequate groundwater management in drought mitigation plans also encompasses
accounting for storage of water in wetter years, or re-internalising excess wastewater (i.e. managed
aquifer recharge or aquifer storage and recovery), ecosystem restoration and improved liveability as
a result thereof. La Vigna (2022), by reviewing the relationships between cities and underlying
groundwater in 73 cities globally, identifies the ‘resilience dividend’ of investing in sustainable and
adaptive urban groundwater management practices. This includes increased permeability of urban
surfaces contributing to more recharge, less run-off and thereby reduced flooding, and increased
water for irrigating urban green spaces reducing urban heat stress and associated health impacts. La
Vigna (2022, p.1676) concludes that groundwater “should be considered by city planners as one
crucial aspect in every resilience assessment and strategy”.

2.2.  Urban water metabolism
Urban metabolism is a conceptual model for quantifying and analysing flows of resources (materials,
energy, water, greenhouse gases, nutrients, etc.) into, within and out of cities (Wolman, 1965;
Newman, 1999) with an inferred intent of achieving high resource efficiencies as observed in natural
systems. Urban water metabolism has become an increasingly recognised concept and tool in
exploring the (in)efficiencies in the urban system as a whole, integrating both the conventional
approaches of mass balances for water supply, discharge and drainage, with the hydrological flows
of water within the urban system. It is essentially a mass balance of all water that comprises the
urban system, accounting for the total water cycle, where both the hydrological (precipitation,
runoff, recharge, evaporation) and anthropogenic (water supply, consumption, wastewater effluent,
etc.) components are included.

Several urban water metabolism evaluations (UWMESs) have been carried out and reported Within
the academic literature. UWMESs have been adopted to quantify all flows of water through a defined



urban area to evaluate the performance of city water management, through the use of performance
indicators (Kenway, Gregory and McMahon, 2011), in relation to becoming a water sensitive city.
Performance indicators such as supply centralisation, centralised replaceability and total water use
replaceability of wastewater, rainwater and stormwater (see table 1) are helpful in understanding
whether certain interventions are helping a city move closer towards their water management
objectives, or not. They can highlight whether alternative sources of water (such as stormwater and
wastewater) are under-utilised as supply options for the city, either as potable or non-potable
sources (Kenway, Gregory and McMahon, 2011); assess the impact of urbanisation on hydrological
flows (Haase, no date) and to assess the impact of various options of management interventions on
the performance of the water metabolism at both local (Farooqui, Renouf and Kenway, 2016) and
city-regional scales (Renouf et al., 2018). In terms of urban water metabolism, the use of indicators
is still in its infancy, but the work that has been done so far (for the most part in the Australian
context) has shown that large flows of water pass through the cities and that utilisation efficiency
(e.g. water turnover rates) could be improved substantially and is nowhere close to the resources
efficiency of natural systems (Kenway et al., 2022).

Table 1. Performance indicators as derived by Renouf et al. (2017) and Paul et al. (2018).

Indicator (Renouf et al., 2017) |Method Formula Unit
Population density Population/area Pop/A capita/km?
Intensity of water use Total water use/area (C+D)/A ML/d/km?
Water Efficiency Centralised supply/population |Cext/Pop L/d/capita
Supply Internalisation (Cint+D)/(Cint+Cext+D)|%
Hydrological Performance (iRoff/oRoff) ratio

(iRec/oRec)

Indicator (Paul, 2018) Method Formula Unit

Wastewater potential for Water supply

Centralised supply Wastewater flow/centralised

replaceability (%) water supplied W/C*100 %
Wastewater flow/total water

Total use replaceability (%) use W/(C + Dg)*100 %

Stormwater Potential for Water Supply

Centralised supply Stormwater flow/centralised

replaceability (%) water supplied Rs/C*100 %

Stormwater flow/total water
Total use replaceability (%) supplied Rs/(C + Dg) %

Wastewater and Stormwater Combined

Potential of total water use (Wastewater +
replaceability (%) stormwater)/total water use (W +Rs)/(C + Dg)*100 %

Loss recovery for Water Supply

Water loss recovery potential
of total water use
replaceability Water loss/total water use Cufw/(C + Dg)*100 %




2.3.  Urban groundwater governance
It is important to recognize from the outset that groundwater governance is a subset of water
governance. Water systems comprise the stocks and flows of water from clouds and rainfall, through
surface runoff and stream flows to infiltration, discharge and evapotranspiration from plants. Water
governance spans the actors, rules and processes shaping decisions and actions on water supplies,
storage, reticulation, infrastructure, demand management, access to water services, payments,
financing, technologies, river management, flood protection, water quality monitoring and
regulation, etc. Or as Enqvist and Ziervogel (2019:2) put it, water governance is “the set of political,
social, economic, and administrative systems that formally and informally control decision-making
around water resources development and management”. Groundwater governance focuses on
those aspects pertaining to aquifers and the water drawn from and recharged into aquifers.

Groundwater governance refers to the processes of exercising political, economic and administrative
authority to shape the decisions taken to allocate, utilise and protect groundwater resources (Foster
and Garduio, 2013). Groundwater governance arrangements comprise the institutions, processes
and mechanisms through which public and private actors articulate their interests, mediate their
differences, and fulfil their legal rights and obligations. A governance analysis includes consideration
of the capacity to effectively implement and evaluate governance provisions articulated in laws,
policies and other collective rules and agreements (Seward and Xu, 2019). Groundwater
management, by contrast, is more narrowly defined as actions to implement the decisions on how to
allocate, utilise and protect groundwater resources.

During stakeholder deliberations undertaken during the project, workshop participants identified
groundwater-related decisions and actions to encompass:

Preparing, reviewing and issuing (ground)water use licences;

Registering boreholes and wellpoints;

Installing, operating and maintaining infrastructure to abstract groundwater;
Using or consuming groundwater;

Land uses or activities (such as landfills, industrial waste disposal sites, septic tanks, petrol
storage, excessive use of nitrogenous pesticides and fertilisers, leaking sewer lines,
graveyards, fly ash from coal-fired power plants, over abstraction along the coast leading to
saltwater intrusion, etc.) that pollute or contaminate groundwater;

e Taking measurement to monitor groundwater levels and quality;

® Researching groundwater systems;

Assessing impact of activities on groundwater volumes and flows and on groundwater-
dependent ecosystems;

Communicating groundwater-related information;

Advocating for groundwater issues to be addressed;

Enforcing licences and by-laws;

Rehabilitating and conserving recharge zones;

Installing, operating and maintaining infrastructure to artificially recharge aquifers;

Financing the above activities.

The relational dynamics between different actors, particularly the interaction of state and non-state
actors, are an important feature of collaborative and multi-level governance. Much empirical work



remains, however, before it is fully understood how stakeholder relations and local governance
structures influence adaptation processes, such as the use, governance and management of
groundwater resources. Nodal governance and social network analysis can help address this gap. As
demonstrated by Ziervogel et al. (2017), the use of nodal governance and social network analysis
enables the characterization and visualisation of nodes (points on a network, e.g. actors) and their
connections, and explains their impact on governance outcomes including knowledge access,
mobilisation of resources and critical relations to others. It also enables the analysis of how power is
created and exercised within a governance system. As such, these theories and concepts can guide
the design of interventions to respond to determined governance deficits. Thus, nodal and network
conceptions of governance can be used to identify more innovative institutional arrangements to
improve the delivery and distribution of social goods and common pool resources like groundwater.

A social network is a set of nodes (representing actors) and ties that show some relationship
between the nodes or actors. The nodes in a social network may be individuals, groups or
organisations, and the ties may be individual to individual ties (within a level of analysis) or individual
to group ties between levels of analysis (Katz et al., 2004). Networks can be analysed on macro-,
meso- and micro-levels, i.e. the entire network (macro-structures), subgroups (meso-structures),
and the position of individual actors (micro-structures). A relationship or tie between nodes involves
a flow of resources between actors (nodes) that can be material or non-material. Resources can
include companionship, time, information, expertise, money, and shared activity. All social networks
have hierarchy, in the sense that some nodes are at the centre of the network because they are
highly connected, while others are peripheral and less connected. The position of an actor in the
network reveals, and influences, their access to resources (Williams and Durrance, 2008). The
structure of a network (i.e. the pattern of ties) and the strength of the ties influences the
transmission of attitudes, norms and behaviour.

Network scholarship mostly focuses on examining social aspects of relationships, notably
information sharing, trust, and regular communication between actors (Fischer and Ingold, 2020).
Network analyses mostly leave out the rules and governance protocols, despite being recognized as
critical drivers of collective action situations. This research aims to reveal and question the structure
of the governance system and its suitability to address the challenges of enhancing the sustainability
of groundwater sources and flows. By analysing the organisation of actors between sectors, across
administrative units, and between levels of governance, it is possible to assess potential misfits
between the social and biophysical aspects of the system that are likely to hamper the attainment of
sustainability and equity goals.

Because the governance of groundwater entails a variety of actors operating in different sectors, at
different scales and levels, interacting to exercise their groundwater usage- and protection-related
interests, there is value in deploying network concepts and methods to analyse governance
arrangements. Fischer and Ingold (2020, p.2) point out that “because formal political institutions
have a hard time addressing issues that span political or sectoral borders, as is the case with water,
(informal) networks of collaboration and information exchange among actors are even more
important”. Networks are therefore both an empirical reality and a conceptually and
methodologically useful way to analyse groundwater governance. In other words, networks of actors
can be used to describe the reality of groundwater governance and network characteristics can be
prescribed as a way of achieving or strengthening collaborative, adaptive governance aimed at
achieving desired sustainability outcomes (Fischer and Ingold, 2020). A network governance analysis
makes it possible to explore to what extent cross-sectoral and cross-scalar or multi-level
coordination, collaboration and collective problem-solving is happening (Ziervogel et al., 2017). The



analysis can identify associated challenges and opportunities to strengthen such arrangements,
needed to deal with the conflicts and trade-offs that exist, and that are likely to be aggravated under
further climate change, population growth, urbanisation, and the accumulation of pollutants.

Cities provide a particular context in which to explore groundwater governance. Much of the work
done to date — globally and in South Africa — has focussed on agricultural and mining contexts,
where there has been a history of high groundwater dependency. Urban contexts have been much
less explored and provide a particularly interesting governance context because of the density of co-
located actors (including water users in the domestic, commercial, and industrial sectors, water
polluters, and water-related managers and regulators). Urban contexts are also interesting because
city governments are often larger and more capacitated than many of their rural municipal or local
government counterparts, which changes the multi-level governance dynamics. Foster et al. (2020)
highlight the critical role of groundwater in securing resilient water-supplies for rapidly expanding
cities in sub-Saharan Africa. They stress the need for urban water utilities and water services
authorities to pursue a proactive approach to managing and protecting aquifers and groundwater
resources, including rationalising use, promoting enhanced recharge, and prioritising the installation
of sewerage infrastructure to reduce pollution (Foster et al., 2020).

A review by Adams et al. (2015) highlights the challenges of groundwater management at the
municipal level in South Africa. The intended devolution of water resource management to
catchment management agencies (CMAs) and water user associations (WUAs) has been slow.
Municipalities already struggling with their supply function (comprising mostly surface water) are
tasked with management of their groundwater resources without comprehensive direction or
support from the national government. These findings are supported by the work of Cobbing and
Rose-Innes (2018) investigating the governance challenges associated with the Grootfontein Aquifer
supplying the city of Mahikeng in South Africa’s North West Province. They conclude that there is an
urgent need to convene local groundwater users in a way that enables the negotiation and
enforcement of usage and protection provisions suited to the local context. Cobbing and Rose-Innes
(2018) point out that South African water legislation mandates the national Department of Water
and Sanitation (DWS) to play this convening role, but DWS has yet to fulfil this role and as a result
the levels and quality of groundwater in the Grootfontein Aquifer continues to decline.

Seward and Xu (2019) suggest there is value in increasing the use of Ostrom’s design principles or
best practices for governing common-pool resources as a way to improve groundwater governance
research, policy and practice in South Africa. They explain that Ostrom's design principles are based
on a recognition that governing common-pool resources, like groundwater, is too complex to
determine an exact set of rules that will enable precise outcomes based on comprehensive analysis.
Rules for how to manage the resource therefore have to be experimental and change as lessons
emerge and conditions change. Ostrom’s design principles provide a guide for creating governance
systems that can learn, experiment, and adapt in an uncertain and changing environment. They
argue that the Ostrom principles provide a common set of concepts and terminology for learning
about the specific issues of a particular setting, learning from experiments in that setting, and
learning from the experience of others. In line with Seward and Xu’s (2019) assertion that
determining a suitable compromise between the benefits of groundwater use and the problems
caused by groundwater use is as much a socio-institutional and organisational governance challenge
as it is a technical one.
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3. South African cities context: the cases of Cape Town and Nelson
Mandela Bay

While groundwater, especially natural springs, played a key role in the establishment and growth of
many South African settlements, groundwater makes up a relatively small part of the supply mix in
most contemporary South African cities. This mix is starting to change as cities increasingly turn to
groundwater to deal with threats of water scarcity. The cities of Cape Town and Nelson Mandela
Bay, shown in figure 2, are the focus of this research because of their recent and ongoing
experiences of ‘Day Zero’ water crises that have turned much attention to the cities’ water systems,
including significant investment in increasing groundwater use, and to a lesser extent aquifer
protection. Key differences in population size, local economy, rainfall patterns, as well as the size,
resourcing and leadership of the municipal government all make for productive comparative
learning between these two cities.
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Figure 2. Map of South Africa with the metropolitan municipalities highlighted in red, showing with a
black circle the two cases focused on in this project. Source: Htonl, 2016.

3.1. Cape Town case
The City of Cape Town (CCT) metropolitan municipality has a population of roughly 4,68 million
people as of 2021 (CCT, 2022). The CCT local government has since 2006 been under the political
leadership of the Democratic Alliance. As an indication of resourcing capacity, the municipal
government, in the 2021/22 financial year, had a capital budget of R8,315 billion and an operating
budget of R48,275 billion (CCT, 2021).

Metered municipal water in Cape Town is supplied via roughly 650,000 connections to
approximately:

® 6500 communal taps in 204 informal settlements throughout the city;
e 600 000 domestic consumers;
® 6500 housing complexes and blocks of flats;
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e 13 000 commercial consumers;
e 4500 industrial consumers; and
e two other municipalities, Drakenstein (Paarl) and Winelands (Stellenbosch) municipalities
(CCT, 2018).
In terms of volume of water supplied by the municipal reticulation system, before the drought in

2014/15, Cape Town used an average of 980 million litres of water per day (980 megalitres). During
the drought, this was reduced to just over 500 million litres per day (CCT, 2019).

Prior to the 2015-2018 drought, groundwater use within the spatial extent of the City of Cape Town
was very low, estimated at roughly 0.5% of the city’s total bulk supply (CCT, 2020). This proportion
has been expanding and according to the City of Cape Town’s Water Strategy is set to increase to 7%
of bulk supply by 2040, based on a planned total groundwater abstraction by the City of 105 Ml/day,
and possibly up to 30% in the longer term. This does not include the volumes abstracted directly by
private users for self-supply. The numbers around how much groundwater is abstracted privately for
industrial, commercial and domestic self-supply is difficult to come by in a consolidated form,
because many are below the threshold for requiring a water use licence and so do not appear on the
WARMS database. Recent estimates range from 8158 to 26 000 private boreholes (Faragher, 2022).
Local geohydrologist, Dr Roger Parsons, commented that “the drilling of boreholes at private homes,
hotels, businesses, schools, shopping malls and critical service delivery facilities contributed to
reducing the use of potable municipal water from around 1,200 ML/d down to 450 ML/d”, and as
such the development of groundwater self-supplies contributed considerably to avoiding the ‘Day
Zero’ situation when municipal supplies would run out®. The Western Cape government alone, with
a mandate to operate public hospitals, clinics, schools and social development facilities, investigated
local groundwater supplies at 95 sites and implemented 61 groundwater supply systems, 38 of
which are in Cape Town (Parsons, 2022).

Groundwater used in Cape Town is primarily sourced from the Atlantis-Silverstroom Aquifer, the
Cape Flats Aquifer and the Table Mountain Group (TMG) Aquifers (including the Peninsula,
Basement and Nardouw Aquifers), as shown in the figure 3. A managed aquifer recharge scheme has
been in operation in Atlantis since the late 1970s. The production capacity of this scheme was
expanded during the 2015-2018 drought by redrilling old boreholes, drilling new production
boreholes, and refurbishing and expanding local Witzands and Silwerstoom water treatment works.
Investigations into the feasibility of a managed aquifer recharge scheme are well underway for the
Cape Flats Aquifer.

1 https://www.dailymaverick.co.za/article/2022-04-19-making-the-invisible-visible-tapping-into-groundwater-
must-form-part-of-cape-towns-future-water-supply/
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Figure 3. Map showing main aquifers feeding the Cape Town water system. Source: CCT, 2018.

3.2.  Nelson Mandela Bay case
The Nelson Mandela Bay Metropolitan (NMBM) municipality covers an area of 1959 km?2. It is the
largest and most populated metropolitan area of the Eastern Cape Province, comprising the city of
Ggeberha (formerly named Port Elizabeth), Uitenhage, Despatch, Colchester, Blue Horizon Bay and
Seaview areas. NMBM is the economic hub of the Eastern Cape, contributing 35.5% to the GDP to
the Eastern Cape and 2.76% to national GDP. The political leadership of the NMBM local government
has been highly contested and volatile over the last decade, with a coalition of political parties led by
the DA very recently having replaced ANC leadership of the City Council. As an indication of
resourcing capacity, in the 2021/22 financial year, the NMBM had a Capital Budget of R1,37 billion
and an Operating Budget of R13,33 billion (NMBM, 2021).

The 2016 census estimated the population of NMBM to be 1.26 million people, with a growth rate
between 2006 and 2016 of 1.53% per annum, on par with the national population growth rate. In
2016, 93.15% of total households had access to flush toilets, with the remainder (6.85%) sharing
access to Ventilation Improved Pit (VIP) toilets, pit toilets or no access at all. An estimated 77.8% of
households had access to piped water inside the dwelling, 11.6% of households had piped water
inside the yard and 2% had no formal piped water (Department of Water and Sanitation, 2018).

Water for NMBM is supplied by the Algoa Water Supply System (AWSS), which currently comprises
three subsystems:

1. Western System providing water to NMBM and other small towns from Churchill, Impofu
dams (Kromme Rivier), Kouga Dam (Kouga River) and Loerie Balancing Dam (Loerie Spruit);

2. Eastern System which receives water from the Nooitgedacht inter-basin transfer scheme
from the Orange River (via the Fish and Sundays Rivers);

3. Central System supplies NMBM from Sand, Bulk, Van Stadens, Groendal Dams and
Uitenhage Springs.
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Overall, the current water mix for the AWSS is 48% surface water, 1% groundwater from natural
springs and 51% comes via interbasin transfer from the Orange river (see table 2).

Table 2. Current water mix for NMBM, supplied from 3 main sources: surface water, groundwater
and interbasin transfer (Sourced from Zutariin 2022).

NMBM current water mix Ml/d % total
Surface water 195.21 48%
Natural spring water (groundwater) 6 1%
Interbasin transfer — Nooitgedagt 410.73 51%
TOTAL 410.94 100%

The dams and rivers that comprise these three subsystems supply not only NMBM but several other
surrounding municipalities such as Kouga Local Municipality, Gamtoos Irrigation boards, Lower
Sundays River Water User Associations and other local irrigators. The details of how much water is
supplied by the system can be found in Table 3. The combined total yield of the Algoa WSS is 167.4
Mm?3/a, equating to 458.6 Ml/d.

Table 3. Algoa Water Supply System. Sourced from Algoa Reconciliation Strategy (2016). Many of
these figures are subject to change as and when certain interventions come into play. § refers to
older dams.

Total
contribution
to NMBM
Quantity Capacity | Allocation water supply
Subsystem [Reservoir (Mm3/a) (Mm3/a) | (Mm3/a) |Use (Mm3/a)
Churchill 20.08 20.08 NMBM
Impofu 18.00
44
Western 18.00 NMBM 65
System Impofu 2.00 EWR
Kouga/Loerie 26.92 NMBM
23.00 75.5  |Gamtoos
Kouga/Loerie 60 Irrigation Board
AWSS + other
Gariep 99.00 155 external users
Eastern Agricultural (some .
System unknown volume
sent to
Scheepersvlakte)
Darlington 187 unknown
Central Uitenhage
System springs 2.40 24 NMBM 10
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Total
contribution
to NMBM
Quantity Capacity | Allocation water supply
Subsystem |Reservoir (Mm3/a) (Mm3/a) | (Mm3/a) |Use (Mm?3/a)
Sand 1.83
Bulk § 6.00 0.91
Van Stadens § 1.10
Kwa Zunga §
Groendal 4.00 NMB
6.50
Groendal 2.40 Irrigation
TOTAL 225.20 71.41 276.9 101

The Algoa Reconciliation Strategy, undertaken by the Department of Water Affairs in cooperation
with NMBM, was originally written in 2010 in order to secure water supply for NMBM and the other
towns served by AWSS. Its main purpose was to determine the water balance of the system and
develop various possible future water balance scenarios for a 25-year planning horizon. In the 2011
Recon strategy, it was very clear that although the system was in balance at the time, any future
increase in water demand would put the system at risk and that immediate action was required to
reduce such risk. The strategy also detailed how much water might be needed and available under
certain low and high growth scenarios, as well as climate change impacts on water availability (see
figure 4). Growth scenarios included future requirements for irrigation, potable water use, industrial
(non-potable water use) as well as ecological water requirements (EWR). In terms of climate change
scenarios, lower mean annual rainfall had been predicted for the Kromme and Kouga river
catchments (Stuart-Hill, Schulze and Methner, 2011), with the Orange River conversely reported to
likely experience slightly higher mean annual rainfall, as well as slightly increased frequency of
rainfall events, thereby increasing runoff into the catchment. Despite considerable uncertainty in
these estimates, climate change scenarios were also included and were based on the assumption
that runoff from all existing local water schemes serving the AWSS would reduce linearly by 10%
over an 11 year period between 2011-2023. The Orange River was not accounted for in these
climate scenarios. Based on these scenarios, several interventions were identified to either reduce
water requirements or increase water availability:

e Water conservation and water demand management
Increased operational efficiency of the current water supply system
Trading of water use authorisations
Re-use of water
Groundwater schemes
Interbasin transfer schemes
Desalination of seawater and brackish water
Surface water schemes

In the 10 years that have passed since Algoa Reconciliation Strategy (2011) came out, several
interventions have been dropped either due to changing water policy or strategy decisions. In the
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updated Algoa Reconciliation Strategy (2018), several other interventions had been identified such
as rainwater harvesting, invasive alien plant removal from water source areas (particularly the
Kromme, Kouga and Baviaanskloof rivers), reuse to both potable and non-potable (industrial
standards).
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Figure 4. Continuation of historic water demand growth. Sourced from Zutari.

In terms of volume of water use supplied by the municipal reticulation system (measured as output
of water treatment works), in 2014/15, NMB used an average of 310-320 million litres of water per
day (~116 Mm?3/a — note that this is more than what is reported to be supplied to NMBM in Table 3).
During the drought, this reduced to 280 million litres per day, but the City’s drought mitigation plan
aims to get it as low as 230 MI/Day (Hills, 2022). The drought currently being experienced in the
NMB region has been ongoing since 2015, leading to imposed water restrictions since 2016 and to
the Executive Mayor declaring a Local State Disaster in May 2017 with devastatingly declining dam
levels and water storage capacities. In September 2018, good rains occurred in the catchment areas
that feed NMBM which managed to increase dam levels from 18% to 53%, but this was soon
followed by the lowest monthly rainfall figures since the 1900s in August 2019 (Drought Mitigation
Plan, June 2021 Review). Average dam levels have dropped to alarming levels. The municipality set a
target of total water demand to be 230 million Litres per day (MLD), but current consumption
remains 43 MLD over target (NMBM Drought Dashboard, September 2022). Strong messaging has
been implemented by the municipality to drastically reduce personal consumption to 50 L a day,
with little effect on total water demand.

Some of the interventions that were identified in the earlier Reconciliation Strategies have been fast-
tracked to try to mitigate the imminent drought disaster, namely groundwater abstraction, recycling
of water for both potable and non-potable uses (for industry) and desalination (see table 4). Several
projects are either planned or currently in process in order to transition to a new water mix with
project time frames ranging between immediate (fixing water leaks) and 5 years (construction of
Return Effluent at Driftsands).
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Table 4. Future water mix for NMBM including increased supply from groundwater, recycled water
for both potable and non-potable uses (e.g. industry), and desalination. Sourced from Zutari.

NMBM future water mix Ml.d % total
Surface Water 195.21 32%
Interbasin transfer — Nooitgedagt 209.72 35%
Groundwater 53 9%
Recycled water — Coega 60 10%
Recycled water — NMU, etc. 3.5 1%
Recycled water — potable water 10 2%
Desalination 75 12%
TOTAL 606.44 100%

NMBM overlays one of South Africa’s most important artesian groundwater basins, the Uitenhage
Artesian Basin (UAB) which comprises the fractured Table Mountain Group (TMG) sandstones
confined in the eastern part of the basin by overlying Cretaceous siltstones and mudstones
(rendering artesian conditions) (Maclear, 2001). The aquifer is divided into separate
hydrogeologically independent systems by the Coega Fault (see Figure 5). The southern Swartkops
River Alluvial Aquifer (SA) is a minor shallow, semi to unconfined aquifer, and the northern Coega
Ridge Aquifers (CRA) comprises quartz arenites of the TMG overlain by an aquiclude made up of
impermeable mudstones and siltstones of the Uitenhage Group. The CRA is an important source of
groundwater for large-scale abstractions such as irrigation, predominantly for citrus (for export) and
lucerne and to a much smaller degree domestic use (Maclear, 2001).

Uitenhage Artesian Basin

Swartkops Aquifer Coega Ridge Aquifer
confined artesian to sub-artesian
TMG sandstone + quarizite

Swartkops River Alluvial Aquifer
semi-confined to unconfined B
alluvium

[ |

Kruisrivier Unit Bethelsdorp Unit
confined to semi-confined sub-artesian confined to semi-confined
TMG sandstone TMG sandstone + shale

Figure 5. Subdivision of the Uitenhage Artesian Basin. Source: Maclear (2001).
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Figure 6. Nelson Mandela Bay Metropolitan Boundary (red dashed line) and the strategic water
source areas (SWSAs) for groundwater (Coega TMG aquifer, shaded area in red) and surface water
(Tsitsikamma, shaded yellow areas). Primary dams are indicated as supply dams. Blue points
highlight the boreholes registered by WARMS.

The Uitenhage springs have historically been a source of groundwater, contributing roughly 1% of
the municipal supply mix (as shown in table 2). Beyond that, groundwater had not been considered a
traditional source of potable water for NMBM and is generally considered an underutilised resource
for municipalities in South Africa. Within the TMG Aquifer and Tsitsikamma Strategic Water Source
Areas (see figure 5), WARMS registered boreholes are allocated for a total of 6.4 Mm? year !, with
most water being used for irrigation (70%), industry (15%), schedule 1 users (5%) and water supply
services (5%) (see figure 7). The actual use by private users is considered to be almost 3 times higher
than what has been allocated by D