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Abstract

Service provision in low and middle-income countries, defined so by the World Bank, is
presenting a challenge to the growth of economies and development of cities in the less
developed regions of the globe (World Bank and Oxford Press, 2004). Of particular concern
are those services which are water related. It is estimated that currently 300 million people in
Africa do not have access to safe drinking water and 313 million have inadequate access to
sanitation (CONAGUA & WWC, 2006).

The critical situation in the water sector continues to jeopardize developmental
principles and undermine strategies for poverty eradication. On the assumption that the failure
in service provision can be largely attributed to an inability to holistically address all aspects
of urban water management, a systems approach was used to develop a relevant and robust
sustainability index which assesses the capacity of a city or a portion thereof to be sustainable.

This thesis details the process of developing the Sustainability Index (SI) for a multi-
dimensional assessment of urban water systems. In this research, an analysis of the current
problems facing developing cities, particularly in Sub-Saharan countries, was undertaken. This
was done so as to provide some insight into the current developmental issues hindering
sustainable development. An examination of the urban water cycle was also carried out to
illustrate the links within the cycle and between the various water uses and services.

A process model was developed which addresses the multi-dimensionality of
sustainability and the dynamism of urban water systems. This model combines aspects of the
iterative procedure for assessing environmental sustainability introduced by Lundin et al.
(2002) with the step-wise process proposed by Nardo e al. (2005). The process model then
enabled the development of the sustainability index. The SI was compared to other sets of
indicators, both local and international, to assess its relevance and comparability to similar
initiatives. Furthermore it was screened through a set of criteria for compliance with research
objectives. The end result was a composite SI structure which incorporates several variables,
indicators and components. The Sustainability Index is composed of 5 components, which
disaggregate into 20 indicators and ultimately into 64 variables.

Two southern African cities, Hermanus and Maputo, were then selected as case studies
to test the applicability and validity of the index. A descriptive summary on each case study
was provided to establish the status quo regarding urban water management issues.

The validity of composite indicators such as the SI is often questioned as a result of the
biases introduced by weight allocation. In order to address this issue several weighting sets
were developed so as to determine the influence of differentiated weighting on the final index
scores. In addition to the balanced and unbalanced equal weight sets, five biased sets were
developed. These five weight sets cater for the five dimensions of sustainability explored in
this research.
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The index results conformed to pre-established assessments of each case study. Hermanus
obtained a high overall SI score of 74%, while Maputo’s performance was less then adequate
with an index score of 42%.

SI scores, as well as component and indicator-level analysis demonstrated that the
index can in fact highlight areas for improvement. Furthermore it can guide more appropriate
action and policy-making for better service delivery and improved resource management.
Differentiated weight allocation produced variations in the SI scores; however these were not
significant at this level. Component, indicator and variable scores on the other hand varied
considerably as a result of variations in weighting. This supports the need for appropriate
weight allocation which is locally relevant. Recommendations were made on the basis of the
index analysis: firstly, towards the improved management of urban waters and better service
delivery in the two case studies; and secondly, towards indicator refinements and improved
data acquisition.
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Glossary of terms

Free Basic Water: This refers to the first 6000 litres of water provided per household per
month at no supply cost, in accordance with South African national legislation.

Greywater: Greywater also known as sullage refers to wastewater generated from domestic
activities (washing clothes and utensils, bathing, washing hands and cleaning the household)
and excludes wastewater derived from toilets.

Household: Refers to the total number of people living in one residential unit and sharing the
same source of water.

Peri-urban: Refers to areas of human settlement within or close to cities characterized by
levels of service between those commonly associated with urban and rural areas. Frequently
peri-urban settlements are informal with inadequate planning and no legal land tenure
(Armitage, 2005).

Researcher/developer: In the context of this thesis, the term researcher(s) and/or developer(s)
refers to the principal person(s) involved in the development of the indicator and its
application to Hermanus and Maputo.

Sanitation: Refers to the removal and management of wastewater and excreta from the
source (point of generation) to a final specified destination (terrestrial or aquatic receiving
environment).
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1. Introduction

1.1 Background

“Sustainability is a simple idea. It is based on the recognition that when resources are
consumed faster than they are produced or renewed, the resource is depleted and
eventually used up. In a sustainable world, society's demand on nature is in balance with
nature's capacity to meet that demand. When humanity's ecological resource demands
exceed what nature can continually supply, we move into what is termed ecological
overshoot” (Ecological footprint network, 2006).

The past two decades have introduced significant and unprecedented changes in
developing cities worldwide, both in scale and magnitude. Population growth,
urbanisation, globalisation, decentralisation and climate changes have been important
contributors to this global transformation which has in many respects reshaped societies.
The total world population has risen astoundingly, reaching 1.7 billion by the beginning of
the twentieth century and 4 billion by the 1970s (PRB, 1999). Currently this number
exceeds the 6 billion mark. Furthermore population projections estimate that such growth
will continue well into the future reaching 8 billion people by the 2020s and 9 billion by
2050 (PRB, 1999).

Alongside this boom in population, there has been a parallel transformation within
economic, social, political and environmental spheres. Globalisation has opened up the
invisible doors of virtually every country and city in the world. With economic growth and
the prosperity of some cities, there has been a general move to urbanisation.
Decentralisation and democratisation have been additional factors for change, shaping the
face of politics as well as the state of many an economy. Amidst all this change, significant
benefits have been accrued to both economies and societies in general. Nevertheless there
has been a continual widening of economic gaps between social classes and the majority of
the world’s population continues to live under extreme poverty (CONAGUA & WWC,
2006). The consensus amongst economists such as Weisbrot (2002) and De Long (2001) is
that whilst significant growth has been observed in most parts of the world, the
unprecedented gap in per capita incomes has resulted in unsatisfactory progress in
developing countries, with the possible exception of India and China. This has particularly
been the case for many developing cities in Africa, Latin America and Asia. These are
cities characterised by low levels of education and employment; and which experience
high poverty rates and display increasing social and economic inequalities, as well as
mediocre public services and high vulnerability levels. Yet it is in these very same cities
that the majority of the world’s population dwells. Not only this, but predicted population
growth is expected to occur in small cities and towns of developing countries (NRC, 2003).

Aside from the global forces that have helped to reshape cities, there have also been
significant changes at the local level. A brief look at historical events illustrates that most
African countries have been in a perpetual state of transition; from colonialisation to
freedom wars, to independence, to civil war, to political, social and economic instability.

Sustainability Index for Integrated Urban Water Management in Southern African Cities
Chapter 1: Introduction
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To an extent the above discussed factors substantiate the lack of visible and underlying
social and economic growth of many cities of the South. This, coupled with the inability or
reluctance for progressive changes, has resulted in slow advances towards sustainable
development and the goals of sustainability. Inadequate service provision in developing
countries is one of the factors which has contributed to this slow development. It is
however vital in efforts to eradicate poverty and promote economic growth as well as
social development. Utilities are the backbone of development, without which true and
sustainable development is not possible. Of particular concern are those services and
utilities which are water related. It goes without saying that mankind is dependent on water
for survival. More than this, in this age of industrialisation and mass production, cities are
strongly dependant on a good and reliable supply of fresh water, a resource which can
prove limited given availability and accessibility factors. On the other hand, the growth
rates and prosperity levels of some cities in developed countries have proven highly
unsustainable, reinforcing the need for appropriate planning and managed growth.
Developing societies demand greater resources. More so, the demand on the environment
for the extraction of resources and disposal of unwanted wastes increases with this growth.
Wackernagel et al. (2002) indicate that the biosphere’s coping capacity has been exceeded
since the 1980s and humanity has reached what has been termed ‘ecological overshoot’. In
other words, resources have and are being consumed and disposed of at a much faster pace
than the environment can replace or absorb them.

Other than the supply and utilisation of freshwater, there are other services which
merit attention. The provision of adequate sanitation — collection, treatment and disposal of
certain human wastes — as well as stormwater drainage complement water supply towards
the fulfilment of basic service provision. These are the three services which are categorised
as water services, services for which supply in the greater part of the developing world has
fallen far short of the demand. The overall benefits that these provide to society, the
economy and the environment emphasize their importance to the development of cities.

Integrated Water Resource Management (IWRM) is a planning, preparation,
precaution and risk-avoidance tool which incorporates all aspects of water management at
a regional scale. In the context of cities, urban water management is applicable. Urban
water management can incorporate the management and provision of the three water
services. It proposes to address some of the water related developmental issues such as
inadequate service delivery, poor resource management, demand management and
financial constraints. Furthermore it can also address cross-cutting issues which include:
gender inequality in the water sector, physical and social wellbeing, wealth redistribution,
education, and ecosystem preservation. Where such aspects of urban water management
converge and are viewed and addressed holistically, the term becomes Integrated Urban
Water Management (IUWM).

To address the slow delivery of services and the significant backlogs as a result, the
Millennium Development Goals (MDGs) were developed and endorsed by world leaders
during the UN Millennium Summit of 2000. This set of eight target driven goals provides
developing nations with concrete objectives for driving progress towards sustainable
development. In order to effectively adopt and monitor the achievement of MDGs, it is
necessary to develop assessment tools which can gauge the progress towards each target.
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Integrated Urban Water Management can contribute significantly towards the achievement
of MDGs. It is therefore necessary to measure progress in this field, in an effort to assess
and promote sustainability in water management.

1.2 Aim of research

The aim of this research was to develop a composite index that can assess the capacity or
potential of urban water systems to be sustainable with regard to the management of
resources and provision of services in southern African cities. This involved the
construction of an index which is scale, time and spatially relevant. Furthermore an index
which enables a good understanding of the pressing issues in the context of each city so as
to guide policy makers and decision-takers towards improvements in policy and
management. Towards validating the index, case study applications were necessary, the
results and assessment of which provide support for the research. The underlying objective
was to study, review, redevelop and rethink on sustainability in the water sector in order to
provide valuable conclusions with regards to the case studies explored, and ultimately test
such assumptions and conclusions through the developed Sustainability Index (SI). The
development of a SI aims to improve the quality and scope of projects in the water sector
and seeks to benefit all echelons of society. More specifically it is designed to inform
policy and decision-makers at all tiers of government. This is largely due to the role that
legislation and policy has had, and continues to have on the development of cities.

“If assessment tools and their indicators are meant to act as warning/alarm bells, then
they had better ring loudly enough and be near the right people who can act on them” (De
Villiers Leach, 2006).

1.3 Thesis Layout

This thesis consists of seven chapters. Chapter 1 provided historical background leading up
to some of the issues currently facing developing countries in Africa. The chapter
continues with a brief introduction of the aims of the research, both as an individual piece
of work as well as in view of the broader research initiative taken at the University of Cape
Town. Chapter 2 explores the literature on assessment methodologies and tools building
towards the process of developing the Sustainability Index.

Chapter 3 explores the development of the sustainability index, starting with the
refinement of the urban water cycle representation. It follows on to provide an account of
the process of building the underlying indicator framework. Chapter 4 describes the
methodology adopted for developing the index and the methods explored for indicator
aggregation. A brief description of the programmes used and/or developed to run the
indicator is also included. This is followed by Chapter 5, which begins by providing a brief
logic behind case study selection. The chapter then introduces the reader to the two case
studies, Hermanus and Maputo, presenting a broad view of the status quo in each city.
Chapter 6 presents a discussion of the results obtained from the indicator applications and
highlights the limitations and problems encountered during the research process. In
conclusion, Chapter 7 recapitulates the ideas and concepts introduced; it reiterates the
findings and makes recommendations on the basis of these.
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2. Literature review

The literature reviewed in the subsequent sections provides an overview of the major
themes, concepts and tools explored in this research. It follows the development of
assessment tools in the past three decades or so, and explores these in more detail. A
critical review and analysis of these tools was undertaken to ascertain their relevance to the
development of the sustainability index for Integrated Urban Water Management.

2.1 Sustainability in context

A brief clarification on crucial terms such as sustainability and sustainable development is
required.

The concept of Sustainability can be applied to a number of categories, of which
social, economic and ecological sustainability are often the principal components. The
term literally refers to the maintenance or sustenance of something. More broadly, and in
the context of developing cities, sustainability is considered to be keeping in mind the goal
of attaining or maintaining the quality of life. To this end, Sutton (2000) presents three
levels of sustainability, of which two are relevant to this thesis; survival sustainability and
maintenance sustainability. Survival sustainability refers to the achievement of basic
sustainability, and maintenance sustainability refers to the preservation of the generally
expected quality of life. The third level illustrated in Table 2.1, improving the quality of
life, goes beyond notions of maintenance and expected/normal quality of life to propose a
higher standard of living than is addressed in this research.

“The environment is defined as the aggregate of surrounding things, conditions, or
influences i.e. the surroundings, the air, water, minerals, organisms and all other external
Jactors surrounding and affecting a given organism at any time; as well as the social and
cultural forces that shape the life of a person or population” (Random House Webster’s
College Dictionary, 1995).

Environmental Sustainability refers to that balance which achieves the unimpaired
maintenance of environmental sources and sinks (end state/goal). Gasson (2000) offers the
following definition of a sustainable city (system): “an environmentally sustainable city is
one which meets its present and future human development objectives without growth in
throughput of matters and energy beyond the regenerative and absorptive capacities of its
local, national or international hinterland”. This can be expanded to include the
following: a sustainable city is also one which optimises opportunities for minimising
inputs and outputs into the system by adopting practices, processes and technologies which
emulate nature and its functions.
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Table 2.1: Dimensions and levels of sustainability (Sutton, 2000)

ECOLOGICAL | SOCIAL |  EconomIC |
Level 1: Survival Sustainability
Protection of life support | Capacity to solve serious | Subsistence Global
systems problems

Prevention of species
extinction Local
Level 2: Managing quality of life

Maintenance of decent Maintenance of decent Maintenance of Global
environmental quality social quality i.e. vibrant | decent standard of
community life living
Local

Level 3: Improving quality of life

Improving environmental | Improving social quality Improving standard Global
quality of living l
Loeal

This notion of reducing inputs and outputs is also addressed by Robeért ef al. (2002), where
the authors establish four system conditions which broadly define the goal of
sustainability, through sustainable development targets. Robért ef al. place great emphasis
on dematerialization, which they explain to be the reduction of material flows, and the
substitution or exchange of type and/or quality of flows, goods and services. This is aimed
at ensuring reduced environmental burdens and contributing to more socially balanced
societies. While one has to accede to the logic of this view, from a general sustainability
perspective it is important to maintain a balance between socio-economic and
environmental sustainability.

In the words of De Villiers Leach (2006): “There is an assertion (on the part of
Robert et al) that dematerialization has to happen first so that the burden on the
ecosystem can be reduced, and then equity in the distribution of benefits can happen (not
parallel, one before the other).” This underlying assumption that benefits derived in one
area can trickle down or extend to other areas has been ruthlessly criticised by authors such
as Pieterse (2002).

In the water sector there is scope for both the trickle down and extension of
sustainable development benefits; however, this is only possible when there is a complete
awareness and consideration for all aspects of sustainable development, social above all. In
this regard, Robért er al. (2002) have failed to address the complex and multi-dimensional
concept of sustainability, maintaining a bias towards environmental sustainability.

Sustainability represents an optimal end state; however this is neither fixed nor
constant but is rather time and space relevant. Sustainable development therefore offers the
direction needed to deliver on many of the sustainability goals. It is the process through
which specific targets are set, actions are planned and strategies implemented in order to
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deliver on current needs in a manner which is responsive to the earth’s capacity to replace
‘used’ resources and absorb ‘generated’ wastes, while being conscious of the needs of
future generations (Goodland & Daly, 1996).

The above definitions have introduced the ensuing discussion; however they fail to
spatially contextualise this study. The emphasis of this research is on cities and urbanised
settings. In other words the emphasis is on those areas exhibiting development of a
sufficient scale to raise sustainability concerns. This is not to be strictly defined but rather
encompasses a number of criteria which attribute an area its ‘cityness’; population sizes,
population densities, degree and expansion of infrastructure and works, access to services
and commodities, and the level of economic trade, to name a few. Within that context, a
system is the functional whole of a set of parts or interacting elements (De Rosnay, 1979).
In this case the broader system is the city but the city in itself is represented by multiple
and diverse sub-systems. The interconnectedness of such systems within the broader
ecosystem is highlighted in both Figure 2.1 and Figure 2.2.

Abiotic system

Biotic system

Social system

Environmental

Economic
system

Figure 2.1: The triple bottom line concept Figure 2.2: Interconnected systems
(Mebratu, 1998)

The common perception that sustainability is the meeting ground of social, economic and
environmental principles is not incorrect. What is incorrect is the interpretation of the
interrelations between these spheres as exemplified by the triple bottom line approach
(Figure 2.1). This idea of an isolated social sphere or an isolated economic sphere is not
appropriate, rather human interactions and society should be seen to find expression within
the broader ecological sphere. Similarly, economic activities generally occur within a
social realm. This readjustment illustrated in Figure 2.2 creates greater room for
sustainability in all spheres and does not depend entirely on the ‘chance’ or ‘imposed’
meeting of social, economic and environmental spheres.

Ultimately sustainable development is dependant on the balance of all three aspects;
social development, economic growth and environmental protection. Of all three,
environmental protection is often the least acknowledged and at times the most limiting
factor to the growth of cities.
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2.2 The water cyvcle

Lxploring the notion of sustainability 10 the waler seelor demands an understanding of the
waler evele, starting with the progress through and impact of water on the environment.
Towards this, the wban water cyvcle will be discussed im more detail, so as o explore the
relevant impacts ol man on nature, and relate them to the natusal eyele of water through the
earth.

Figure 2.3 illustrales the water eycle as 1t applics w an urban seiting, deviating
slightly from the mare simplistic natural water cycle,

Precipifation

: Other Hypd rolog ical

E Uses\ Sou rce Bain
,:" Wastewater? | P‘E'rt"h": w*"‘:'"
; P reabirren
; Rl ent Industria & aﬂ"
R euse LEn
Coall ectlnn
. Distribution ! 4
Evapotridnspird Fon F‘I‘ mary l...lsn
it Trariftr ation o
e R I, S Fo e i e e
i Gresrrdwatar
Flow 4

Trater actions
wikfr obfrer
Hydfralogical
BASins

Figure 2.3: Urban water cvele (UNU-INWEH, 2006)

Water is introduced into the svstem through precipitation (inpat), it is conveved as runoft
or [low, and deposited or stered in one ol three lorms: inoa surlace water body,
underground collection. and within man-made structwres such as dams and reservoirs.
These then become the principal soarcees for arban centres irom which water 1s deawn and
distributed to the various users, and these in turn return 4 percentage of this water to
original soutces as wastewater. Wastewater can be collected and treated lor further use or
disposal, or altermatively it is directly disposed of without any treatment. ‘Throughout this
cyele, from system inpots. through the various phases within the system (throughput), and
lmally to disposal (output). evapotranspiration plays a significant role,
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The above representation is nonetheless oversimplified for the purposes of this thesis,
lacking the level of detail required to explore the progress of water and the key
components of water services in the system. The Urban Water Cycle will be revised in
Chapter 3. It is however important to note at this early stage that the input, throughput and
output sequences of water are significantly and constantly altered as a result of human
activities.

2.3 Integrated Water Resource Management (IWRM)

Integrated Water Resource Management is a tool, a management ideology and
methodology, which facilitates addressing the challenges of managing water; enabling and
enabled by a supporting policy and legislative environment such that resource management
is socially fair, economically feasible and environmentally sensitive. In other words, it
calls for more than just the triple-bottom line approach to planning and implementation. It
does this precisely because it insists on taking both a broad and comprehensive view on
water management, looking at integrations between and within the human and natural
systems. Furthermore it acknowledges that integration must be viewed “as a process of
change in political, social, economic and administrative systems” (Lenton, 2004).

The integrated management of water resources requires a multidisciplinary, multi-
dimensional and multi-faceted approach to decision making and action taking, which takes
into consideration a wide spectrum of stakeholders. It raises awareness for both
international and local water issues, however it is mostly applicable at regional scale. The
broad spectrum of activities include: resource management; service provision coupled with
infrastructure development and investment; legislative and policy activities; measures to
ensure appropriate regulation of both use, and distribution of resources in order to balance
the multiple and often contradictory water requirements, as well as the socio-economic and
environmental aspects (Water Encyclopaedia, 2007).

The importance of water as a basic human need and right, as well as the vital role
this resource plays in societies, has been highlighted in the introductory chapter. This is not
only reflected by global developmental agendas but more importantly it has trickled down
to local level planning, programmes and research agendas. In tandem with this, this thesis
has explored some of the current and potential future problems in water management,
drawing attention to the need for greater consideration and investment in the water sector.
Guided by the 1992 Dublin principles, Integrated Water Resource Management provides a
response to these issues (WMO, 1992). It creates awareness of the need for appropriate
management of water resources, and appropriate action in the provision of services. IWRM
recognises the importance of water and water supply to all and with this it acknowledges
the social priorities, ecological impacts, and economic value that should be attached to the
management and provision of this resource.

There is often conflict across the ‘competing’ dimensions of sustainability, and this
has resulted in conflicting debates on the acceptance of water as an economic good. The
perception is that by ‘monetising” water supply, access to a fundamental right has been
denied to millions throughout the developing world, and so the social component is
jeopardised at the expense of sound economics. On the other hand, in aiming to comply
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with social fairness and equity, the environment has often been compromised. However,
there are ways of offsetting or minimising these contradictions. For example, many
governments have introduced significant subsidy schemes to ensure that the poor have
access to water while maintaining favourable economic returns on services provided. The
Free Basic Water (FBW) policy of South Africa stands as a clear example. Larger
consumers of water pay higher tariffs for increasing consumption levels and the poor who
cannot afford their basic requirements, are subsidised. In this way, not only is a degree of
fairness and equality ensured but water efficiency is encouraged as well.

Whereas in theory this concept is sound, in practice it can and often does fail to
deliver on the expected benefits to the majority. This is mainly because there lacks a
concerted movement forward which would enable the full benefits from such policies as
the Free Basic Water policy to be received by all. Free access does not signify equal
access. In this case it is necessary to address not only the economic dimension of poverty
but also to be inclusive of the underlying social inequities. This, amongst other issues, can
be addressed through Integrated Water Resource Management. In addition to policies, the
MDGs provide concrete targets for the provision of water and sanitation services and the
appropriate management of water resources to ensure that development goals are aligned
with sustainability concerns. Summing up, the IWRM approach provides the opportunity
to translate verbalised goals to real and relevant action which can ensure that MDG targets
are achieved and sustainability is continuously imbedded in development paradigms.

The reluctant adoption of IWRM in African countries can be attributed to a number
of factors. For one, like many other ideologies and methodologies, IWRM finds its roots in
the literature of developed countries, resulting from a progressive paradigm shift towards a
holistic and comprehensive approach to water management. This brings to question the
appropriateness of this approach given different social, economic and natural settings.
While the potential benefits of adopting IWRM in developing countries are undeniable;
better health, increased productivity, food security, economic growth and consequently
poverty alleviation; the resource demands are also great. It is therefore not so much the
usefulness of IWRM that is a deterrent but rather, in view of the financial and human
resource limitations of many African nations, a poor capacity for implementation. A
second point of relevance pertains to the general approach to IWRM. Acknowledging that
implementation of IWRM plans must and does originate at political and institutional
levels, through government institutions such as South Africa’s DWAF (Department of
Water Affairs) and DNA (National Water Directorate) in Mozambique, the lack of wider
inclusion of the public and private sector alike has possibly also contributed to a restrained
acceptance.

2.4 Integrated Urban Water Management (IUWM)

Cities have long since been recognised as major environmental stressors. The ever-
increasing demand for sources and sinks to cater for the needs of civilisation is evidence of
this. It is therefore important to study, monitor and manage the impacts of urban
environments on the broader environment.
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Integrated Urban Water Management is a component of Integrated Water Resource
Management. It addresses the imposition of society on the natural water cycle and
explores, through appropriate management and concerted action, avenues for improved
service delivery. Fundamentally TUWM is based on efficient management of water
resources including surface water, ground water, rainwater as well as methods of
desalination and recycling regarding the collection, treatment, disposal and conservation of
water. It also incorporates social and economic considerations geared at improving living
conditions and empowering communities to create and manage sustainable livelihoods.

There are three main components of [UWM, namely: the physical component, the
institutional and management aspects, and the policy background which supports
development. The physical component relates to the development and expansion of
infrastructure for service provision. This component is largely dependant on financial
resources. The management aspects, including monitoring and maintenance of existing
works ensures the optimal use and long-term sustainability of resources (life cycle analysis
thinking). This requires a high degree of both inter and intra-sectoral coordination and a
high capacity for implementation, demanding large investments in social capital and
human development, in addition to the financial requirements. Finally, the third component
addresses the need to develop and apply appropriate legislative and institutional
frameworks which support the provision of services and the sustainable use of resources.

Integrated Urban Water Management extends further than the supply of services
and the impact of such on the water cycle. IUWM is a tool that integrates water
management in the broader context of society. It is therefore reasonable to extend the
impacts of the water cycle from the broader natural environment to the social and
economic spheres. The result is that IUWM integrates the need to provide for societies’
needs while catering for both sustainability and development concerns.

As will be illustrated in Chapter 3, IUWM also explores the contributions of Non
Revenue Water (NRW) within the water cycle. NRW refers to that percentage of water
which goes unbilled and/or unaccounted for. This can be broken down into two sub-
categories: Unaccounted For Water (UFW), which refers to the percentage of abstracted
water which is lost through the various processes up to distribution to users. Some of the
main causes are high rates of evaporation; leakages due to old and faulty equipment;
inadequate operation and maintenance practices; vandalism and illegality (illegal and
inadequate connections). The other component, Free Basic Water (FBW), refers to water
which the public is entitled to as a result of legal stipulations (ordinances and laws), as is
the case in South Africa, where 6kl of water per household are provided monthly at no
charge (Armitage, 2006).

Non-revenue water has significant implications for the efficient management of
water resources. While on the one hand water must be made accessible to all, it is
important to keep in mind the economic value of water and the costs of providing water
related services to consumers. This demands that there be some form of cost-recovery to
ensure that services operate sustainably and that efficient management is assured. High
water losses and high rates of UFW place great stresses on the environment for the
continual or increasing supply of water. In water scarce environments, such as is the case
of the Western Cape, and other areas of South Africa, such losses undermine the
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sustainability of supply. Whilst the reality is that water losses are unavoidable, these can
however be significantly reduced through appropriate operation and maintenance of
infrastructure and greater capital investments. In addressing sustainability of water supply
it is vital to explore UFW in more detail, especially because this component can account
for more than half of the bulk water intake of a city, as is the case in Maputo,
Mozambique. Official records for the city indicate that more than 58% of the bulk water is
unaccounted for (AdeM, 2006).

Free basic water presents a more complex problem, a problem which is much less
researched and documented. The dilemma is in the duality and contradiction of free basic
water provision. Water is subsidised as a social/public good and therefore the benefits and
repercussive gains are significant, however so are the implications and repercussive
effects. The main benefits to health are indisputable and so are other social gains. There are
also economic and environmental benefits and one can again say that the gains are
irrefutable. So what then are the problems? The lack of direct or significant returns on the
service provided can, and in some cases does, jeopardise the overall sustainability of a
system, in spite of cross-subsidisation. This is because cross-subsidisation is dependant on
a significant proportion of wealthy and large water consumers, which is not the case in
many cities of southern Africa. The reality is that the majority of the population in these
cities, particularly those in denser urban settings, are poor. The result is that the demands
on municipalities, many of which already run at a loss, are great. When balanced against
the health benefits and expected long-term socio-economic gains, the short-term costs are
somewhat immaterial.

On the consumer’s side, the provision of services for which they cannot afford, not
only regarding payment but more importantly regarding maintenance, has contributed to
the failure of many schemes. A considerable portion of the population of cities live in
peripheral or urban informal settlements and have little in the way of infrastructural
support (top structures/houses), a fact which also complicates the provision of services. To
overcome some of these difficulties the suggestion is that services be upgraded with
improvements in living conditions, provided that a basic minimum is delivered.

A different perspective can be introduced; one can argue that cross-subsidisation
and free provision of goods is encouraging a culture of non-payment, one which can and
often does contribute to excesses and wastages. Furthermore, the lack of economic
accountability can encourage a negative outlook on services. A poor sense of ownership
and individual responsibility for the maintenance of infrastructure is therefore absent,
mainly because the costs are not incurred by the users.

From an environmental viewpoint, it is reasonable to assume that greater demands
will be placed on the environment as a result of FBW, granted that most of it is necessary,
because excesses and wastage will undoubtedly add to the already stressed water
resources. There are many questions to be answered, both for water supply alone but also
with regards to its compatibility with other water related services. The tradeoffs are
difficult to achieve and the issue is debatable. This discussion has simply raised awareness
of potential problems in the provision of FBW and the dissipative nature of NRW, both of
which can render a system unsustainable. It is not within the scope of this research to make
recommendations on the approach to service provision; nonetheless the writer is of the
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opinion that in the context of developing cities worldwide, it is crucial to prioritise the
social objectives and ensure access to basic services for all.

2.5 Monitoring sustainable development for the achievement
of sustainability

Sustainability and risk management are closely related. Risk reduction and risk-avoidance
are good approaches towards sustainability and conversely, high risk levels threaten the
sustainability of a system. These are intrinsically linked and the result of one affects the
other. Such correlation will be drawn upon in considering the sustainability of urban
systems. Integrated Water Resource Management demands the continual appraisal of risks
which can fall into one of the following five categories, (CONAGUA & WWC, 2006):

1.  Divergent supply and demand levels
Water quality concerns
Competing water uses

Infrastructure failure

wok wN

Effects of climate change and resulting hydro-meteorological disasters

In the interest of succinctness, the above categories will not be detailed. Mention is made
of these in order to draw attention to possible sources of risk, which can increase the
vulnerability of human and natural systems and hence threaten the overall sustainability of
cities. The final index will take into account measures of all five categories of risk.

2.5.1 Evolution of the concept of sustainability

As early as the 1800s, the concept of limits to growth became evident in the writings of
economists such as Robert Malthus, through his renowned theories predicting that the
world population would outrun its food supply half way through the 19" century (Bungo,
2003). His claim was that unchecked population growth increases geometrically while food
supplies follow an arithmetic growth pattern (Dhamee, 1996). This and similar theories
contributed to a strong movement towards environmental mindedness, prominent in the
1960s and 1970s (Bartelmus, 1994). During this and following decades literature
highlighting the impacts of development and growth on the environment emerged, gaining
considerable recognition in academic debates and international development agendas but
failing to translate to concrete actions.

The 1990s re-introduced the environmental conservation debate and promoted the
inclusion of environmental objectives within broader concerns for socio-economic
development. Strongly championed by the World Commission on Environment and
Development (WCED), the introduction of the notion of sustainable development,
development which meets the needs of the present without compromising those of future
generations, provided the necessary entry point for environmental sustainability concerns
within policy debates (WCED, 1987).
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The undertaking of international treaties such as The Rio Declaration and Agenda 21
began to demonstrate the level of commitment at the global scale and served to create
awareness for sustainable development world-wide. At the local level however, attempts at
implementation continue to fall short of the goals. Institutional weakness, poor policy
backing and a general disregard for sound environmental management practices are only
some of the more commonly mentioned problems.

The proposal or support of a theory of sustainability will draw on the understanding
of basic and fundamental principles. This involves understanding both the opportunities
and limitations for development and growth, exploring the work of Bartelmus (1994),
“Environment, growth and development: The concepts and strategies of sustainability”;
amongst others.

2.5.1.1 Limits to growth

All societies, peoples and nations require certain basics for survival and this has been so
throughout the ages. The very definition of sustainability in the introductory section, states
that the goal of sustainability is to maintain or sustain the quality of life and this primarily
entails survival. Modern and industrialized societies have however extended far beyond
this need for survival into more complex and structured systems. Human beings have
become more materialistic, in an increasing reliance on materials and goods. This has led
to an increasing dependence, and consequently greater interaction with the environment for
the supply and absorption of the very same material resources acquired or disposed of.
Such interactions with the environment however are guided by certain laws. These laws
govern system interactions and energy and material flows and therefore influence the
behaviour of all biological systems and species. In earlier decades, growth was largely
limited by human resources and capacity. Today the limits to growth centre largely on the
earth’s capacity to cope with the increasing population numbers, the pressures of
development and impacts of urbanisation and globalisation. In other words, the
environment currently acts as the limiting factor. Goodland & Dally (1996) have gone so
far as to suggest that humanity has already reached the limits to growth era.

The limits to growth theory, coupled with the claims made by Malthus in his first
essay on the theory of unchecked population growth and later revised in his essay on “the
principle of population growth”, touch on a very important point (Malthus, 1803). The
current rate at which resources are consumed and wastes are discharged is far surpassing
the rate at which the environment can safely replace and absorb them, and this extends to
the water sector.

An assessment of sustainability of urban water systems explores this notion quite
closely. Current practices in the water sector, particularly with regard to resource
exploitation and distribution, have to a large extent contributed to a state of water
insecurity affecting millions of Africans. Current population growth trends in the continent
and elsewhere in developing countries substantiate the once seemingly absurd Malthusian
theory. Furthermore many of the ‘global’ ecosystems are fast reaching their sustainability
limits whilst the limit of some has far been surpassed, resulting in what has been termed
‘ecological overshoot’ (von Blottnitz, 2006; Wackernagel et al., 2002).
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Awareness and consideration for these issues demands a degree of caution when
addressing the provision of services and utilisation of finite resources such as freshwater.
Far from addressing the problems, the debate on the state of the ‘global’ environment has
too often focused on the allocation of blame, with a refusal from developing nations to
accept a ‘share of the blame’ for much of the pollution and resource depletion. Low levels
of development in poor countries, particularly in Africa, exclude these as large contributors
to the global pollution phenomenon. The fact is that richer, more industrialized countries
have certainly offered far more to the global resource depletion phenomenon; however the
consequences affect all, rich or poor. Furthermore, both population growth and expected
economic development in developing parts of the world will to an extent invalidate this
argument in future.

The Water Poverty Index (WPI) produced by Sullivan ez al. (2002), emphasises this
last point by predicting an increase of more than a factor of seven for both domestic and
agricultural water requirements from the year 2000 to roughly 2030, due to population
growth, a phenomenon which will take place largely in Asia and Africa. This will render
many of the worlds regions either ‘water stressed’ or ‘absolutely water scarce’. However
the solution certainly does not lie with the meting out of blame, contrarily, the magnitude
of the challenge demands that there be a pooling of capacities and efforts. It requires an
integrated and comprehensive approach to problem solving from all involved.

2.5.1.2 Systems thinking and theory

If the aim is to work cooperatively, then it is necessary to create the conceptual framework
which will enable the integration of different disciplines and backgrounds. The concept of
systems thinking was firstly introduced into the development debate to enable this
integration. Systems thinking, if anything, mirrors the complexity of reality for which a
multitude of complex, interconnected paths and links must be considered. It provides the
framework from which one can then understand and model reality.

Richmond’s (1991) view on systems thinking reveals that perspective which one
can gain if one is able to observe the myriad of underlying relationships and interactions
between the parts which make a system. He defines it as “a continuum of activities which
range from the conceptual to the technical”. It is a simple and yet appropriate description
of a concept resulting from the understanding and exploration of countless avenues opened
up by interdisciplinary work. It provides the necessary conceptual framework to deal with
complexity in a more orderly manner. A systems approach takes this theory further to
provide a methodology which enables the collection and organisation of knowledge in
order to improve the efficiency and efficacy of actions taken (De Rosnay, 1979).

As has been pointed out, systems thinking has great potential for stimulating change
in both theory and practice, highlighting the need for interdisciplinarity, integration,
coordination, efficiency and relevance of thought and action. However it is for these same
reasons that its success at implementation level has been somewhat restrained. Human
beings; scholars and practitioners in particular, create ‘situational’ barriers which hinder
practical applications of systems theories. The very need for interdependence and trust is
seemingly threatening to an independence of thought and action; sharing is associated with
a surrender of power and ‘give and take’ resonates more with a takeover. Many are also
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‘conditioned’ to see things in a particular way, whether by convention or through the
education processes undertaken. Consequently there is a failure to ‘stand back and see the
bigger picture or the whole and its interrelating parts’ (Richmond, 1991).

A change of perceptions and adoption of new views and visions has become
necessary. Meadows emphasises the importance of leverage points towards overcoming
obstacles and the challenges to development through the ‘12 places to intervene in a
system’. The 12 points provide relevant entry-points for action, it is however at level one
and two that the most effective change can be prompted; firstly through “the power to
transcend paradigms”; and secondly by adopting “the mindset or paradigm out of which
the system — its goals, power structures, rules, its culture — arises” (Meadows, 1999).

Integrated Urban Water Management coupled with the underpinning systems
approach, challenges those very mindsets and demands a paradigm shift towards a more
integrated and interrelated way of thinking and working. Changing thought patterns and
perceptions becomes imperative to the approaches taken to achieve goals, down to the
methods and tools employed. Ultimately, the goal is to be able to be flexible enough to
adapt to the circumstances, both in time and space and therefore to be able to ‘transcend
paradigms’ and adopt new ways of thinking and acting.

In tackling sustainability, the researcher endeavoured to take on a systems approach
in order to be able to comprehensively analyse and evaluate the nature and complexity of
interactions in the Urban Water Cycle. Furthermore, keeping to the same concept, the
Sustainability Index — the final product — will itself embody the very same integrative,
comprehensive and flexible precepts.

2.6 Investigation of metrics and tools for assessment

The previous sections provided the necessary background and established the need to
monitor development; firstly to determine current performances; secondly, to guide
progress; and thirdly, to monitor that progress according to sustainability principles. This
section is mainly concerned with exposing, discussing and evaluating (where possible)
some of the tools available for assessing sustainability in a variety of systems and for a
variety of end objectives.

There are three approaches or types of tools which can be employed for such
assessments. In order of more to least complex these are: models, indicators and criteria. A
detailed discussion of the first two will follow, however assessment criteria will not be
detailed but will rather be employed in the process of selecting indicators. Ultimately the
aim of all three tools is to assess and monitor however different they might be. It is also in
the interest of this sustainability Index that all three tools be used, complementarily.

2.6.1 Models and simulations

Models and simulation exercises enable the understanding of complex systems which are
governed by numerous links and interrelations. The idea is that models can provide
information about actual systems without the need for extensive field measurements, if
any, and hence are a less costly approach. They produce various possibilities of ‘reality’
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based on the guiding inputs, and provide a different perspective on the problems under
analysis (Alberti, 1999).

The urban growth phenomenon coupled with the increasing need to improve urban
water management, has prompted the development of numerous models in the last three
decades or so to promote understanding and facilitate assessment of either the human or
environmental dimension to urban growth. Whilst the assumption that models can
approximate reality, and do so by demanding less capital expenditures, is theoretically
sound, it has often failed in practice. The analysis of complex scenarios or systems has
often required the use of several descriptive parameters in order to calibrate such models.
This in turn demands large amounts of data, data which if properly compiled could provide
for a decision-making tool in itself.

Another problem is that many models have until now been ‘sectoral or mono-
disciplinary’ (Bertrand-Krajewski et al., 2000). In many cases there has been a lack of
integration of all dimensions of sustainability within one single model. Human
development and urban growth models mostly overlook ecological processes and the same
is true of environmental models which have largely failed to incorporate the human
dimension.

In response to this lack of integration within modelling, Alberti (1999) proposed the
Urban Ecological Model (UEM) with the objective of quantifying major sources of human-
induced environmental stresses. The model framework developed represents the urban
ecosystem broken down into a number of subsystems, and further represented by human
and biophysical variables. For example, the model will analyse and propose the changes in
land uses and physical development as a result of predictions in locational behaviours of
households, businesses and developers. The result is a first attempt at assessing ecological
and human-induced impacts ‘simultaneously’. The overall Urban Ecological Model is
based on various sub-models which simulates three types of human induced environmental
stressors; land conversion, resource utilisation (water, energy and materials), and
emissions. This model proposes an assessment of the broader urban ecosystem, which
surpasses the urban water aspect considered here, however it does provide an interesting
perspective on multi-dimensional modelling accounting for spatial and temporal dynamics.

An additional limitation of some models is that they are driven by short-term
outcomes. Cities are dynamic, constantly transforming systems, but at the same time
impacts can reverberate for decades into the future. Modelling of the urban environment
must therefore capture this dynamism while taking due cognisance of long lasting effects
of human activities, instead of being based on the “stationary hypothesis and on short-term
processes” (Alberti, 1999).

Alberti also tries to address this in the UEM, which accounts for spatial
differentiation by proposing different spatial resolutions in assessments, as well as
accounting for the temporal aspects by proposing the definition of different time steps
(monitoring stages) for the different urban activities.

In the context of the tool being developed, two particular models were of interest.
The first is represented by the grouping of Pressure-State-Response type models which
have been widely used in the interpretation and development of environmental indicators.

<
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The second model, System Model, was developed by Robért e af, (2002) and correlates
strongly with the step-wise approach envisaged lor the development of the 51

2.6.1.1 Pressure-State-Response (PSR) Framework

The PSR model builds on an earlier and more simplistue stress-response model i that
docs not atempt to specify the nature of intcractions between the social and ccolovical
spheres (human activities and environmental impacts). The PSR maodel specilies that
hamans can and do oxert pressures on the environment, which in turn can change in
response 10 those pressures. Ay a result of these changes. society responds accordingly in
order to prevent, mitigate, and/or reduce detrimental inmpaets. This framework of action-
impact-responsc s illustrated below (Figure 2,43
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Figure 2.4: Pressure-state-response framework (OECD. [9935)

This particular model has been extensively used as the basis [or developing covironnicntal
indicators: however 1L proposes somewhal lincar relavonships between the huwman-
cnviromment interaction continuum, amd fails to address the multi-faccted and nmultiple

relationships between the two spheres.
a.  Driving Force-State-Response Framework (DSR)

The DSRE proposes much Lthe same theory as previous versions; humans induce certain
forces on the environmoent which can and do alter its state and as a result of such
alterations, society responds accordingly. In this model however, the word “pressurc” has
hoen replaced with “driving force™. The rcasons for this are: firstly, this cnables the
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consideration of both positive and negative impacts for which the word pressure was
somewhat contradictory; and secondly, the use of the term ‘driving force’ accommodates
the inclusion of a wider range of activities within the social, economic and institutional
realm and henceforth allows for the wider development and adoption of indicators. The
framework is adapted to address sustainable development concerns in particular. It
employs a matrix approach which incorporates three types of indicator categories
(horizontally) and the spheres of interaction and action which can be labelled the
‘dimensions of sustainable development’ (vertically) (Toolbox, 2007).

Table 2.2 illustrates the basic concept of the DSR. The multi-dimensional approach
undertaken in the DSR, as opposed to earlier developments of the model, is more aligned
to the objectives of this research. The model nonetheless fails to address the temporal and
spatial dynamics of urban systems.

Table 2.2: DSR Framework: Sustainable development matrix (Toolbox, 2007)

Driving State Response
force
Social X
Economic X
Environmental X
Institutional

b.  Driving Force-Pressure-State-Impact- Response (DPSIR)

A sequential upgrade of earlier pressure-response models is the DPSIR. This model does
not remain fixed but rather responds to changes in environments, such as process and
technological upgrades, information and data acquirements. In other words, it is responsive
to progress.

The DPSIR (Figure 2.5) takes the initial PSR model a step further and it provides
the framework for assessing environmental problems resulting from both driving forces
such as industry and the pressures they place on the environment (gas emissions, waste)
(Toolbox, 2007).

In isolation, the individual models are limited. The need for completeness demands
that characteristics of all versions of the PSR model be incorporated into a single
conceptual framework, taking into account three main aspects; the driving force-state-
response principle, multi-dimensionality, and relevance to temporal and spatial
dimensions.
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2.6.1.2 Svstems maodel

Rabért ef af. (2002) present a selection of tools for the management ol sustainable
development. They begin by proposing a five level mode] 1o be used i the assessment and
planning of complex systems, as seen in Uigure 2.6

1 Syslem constitulion

2 Goals and oureomes: Principles for sustainability tend state)

Proecss: Principles Lor sustaimabbe developmant {poak)

i

A AclicHts

Tools: Maonitwring and Auditing

o

Figure 2.6: Svstems model {Bobert ef af., 2002)

Level 1 defines the overarching svstem, the ecosphere. by establishing its consiituents and
guiding ecological. economic and social principles. At level 2. principles Tor sustainability
are proposed in e with the delinition of sustainability adopted. Stating the desired goals
leads to adentification of the process 1o be luken lowards the achicvement of such and
ultimately a plan ol action pearcd towards it {levels 3 and 4. bBstablishing a svstem ol
momitoring and wudiling is essential in ussessing the soundoess of the actions taken and the
progress towards the goals stated. It is ot level 5 that wols such as the one currently in
developmicnt hecome  crueial, in providing  not only  guantifiable  and  concrele
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measurements but also in displaying often very technical and complex information for the
wider public. The structure provided by this model provides a concise and clear way of
going about the assessment of urban systems, it provides direction. Furthermore it
identifies the level at which tools can more effectively be introduced. To support the
general applicability of the model, Robért et al. also discuss various tools in the context of
this framework, and emphasise that most tools are complementary to each other, provided
they uphold the principles of sustainability. The authors encourage the application of this
systems model in developing and applying tools, in order to improve the synergy within
and between assessment tools at large.

There is an important distinction between the principles of sustainability, which
inform the objectives and outcomes that are to be derived from any actions taken, and the
principles of sustainable development which will inform the process to be taken to achieve
sustainability. One highlights the desired end goals and the other defines the process and
informs concrete actions towards the achievement of such goals. Clarification is needed to
ensure that sustainability is not perceived as an end state but rather as the succession of
continually changing objectives leading to a hypothetical ‘ideal’ state. This pursuit of
sustainability through the achievement of sustainable development does nonetheless
highlight that Robért et al., have taken into consideration both the short-term achievement
of concrete objectives, as well as a longer-term strategic perspective on achieving
sustainability.

As is commonly the case, the more comprehensive version of the above model fails
to address the multi-dimensional nature of cities. It is somewhat biased towards the fields
of expertise of the various contributing authors. It strongly emphasises the environmental
dimension of sustainability, and is somewhat neglectful of the social, economic, political
and institutional aspects. In a sense, it almost gives the impression that the authors have
placed environmental preservation, for which they have proposed dematerialisation and
substitution as key actions, over social concerns for survival and development. Nonetheless
there is scope for addressing this shortcoming. Levels 2 and 3 in the model structure enable
the reshaping and introduction of underlying principles of sustainability and sustainable
development.

As with the majority of literature on this subject, this model represents many of the
issues experienced by developed countries, and this is evident from the emphasis on
environmental concerns, at the expense of social priorities, a bias which is unacceptable in
the context of poorer nations. Moreover, given the background of the authors, the systems
model takes on a very academic and technically driven approach; lacking the social aspect
of participation and consultation which is essential for broader relevance and application.
This is partially understandable as resource and time constraints are often limiting factors
in this regard, however questions remain as to the applicability of the tools in real
scenarios, which Robért et al., have failed to address.

Overall there is great scope in this research for incorporating both the pressure-
state-response type models as well as the framework provided by Robert ef al. One enables
the consideration of real world behaviour and the other provides the structured framework
to go about assessing this.
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2.6.2 Indices of sustainability
2.6.2.1 Ecological Management Systems ([KMS)

These are mainly management and administrative tools which puide businesses and
institutions in controtling and altering e impact on e cnviromment. The use of metnes
such as the 150 14001 and the LMSA fall within the broader category of ccological
management systems and belp businesses muintain a level ol ecological preservation
which will prevent the necd for more extreme remedial measures in future (Rohért ef af
202,

2.6.2.2 Fonvironmental Life Cyele Assessment (ELCA)
Fnviconmental Life Cyele Assessmenl provides the necessary inslrument to assess and

quantify the envirommental burden of a specific marerial or service taking ino account its
entire lite cyele, from ~eradle-lo-grave™ (see Figure 2.7).
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Figure 2.7: Complcte lile cyele of a single product [Suenceinthebox, 2006)

This tool enables both gqualitalive and quantitative assessments. impacl analysis as well as
the identification of opporturutics lor 1mproving or chiminating these environmental
burdens. This process encompasses the enlive lite evele of a malerial or service, 1 s
therefore both time and cost consuming, and conscquent]y it has not been widely accepted
and used. Von Blolnitz (2006} describes the main components and sequence ol 4 lite cyele
assessment trom o eoal definition phase through to scoping and analvsis, Goal definition
provides a qualitative vicw on what the sitwation 1s and what 1t should be. therefore
detining Lhe objectives and functions of such an assessment.
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The subsequent step is an inventory analysis, which can be broken down into the following
stages:

Inputs into a system > interactions and processes within the system -> outputs from the
system to the broader environment.

Based on this analysis, an impact assessment can be carried out to identify both the sources
of stress and their respective contributions. A further step is proposed; an interpretation
phase for the analysis of results. This is important in establishing potential improvement
areas within the life cycle of a material or service and to highlight possible points for
intervention. In answer to criticisms that ELCA 1is not practical, some researchers have
proposed to streamline this tool, with modifications introduced primarily in the initial goal
definition stage. Objectives are then adjusted to comply with the needs identified by the
end-users and the level of accuracy desired. In this way, ELCA can become more practical
for use in a variety of settings and for a variety of end-users (Robert ef al., 2002).

ELCA is a detailed analysis of individual materials or services. If a broader
assessment of material flows within a system is required, Total Material Flow (TMF)
analysis is more appropriate, detailing the same information at a macroeconomic level.

Both EMS and the ELCA approach are heavily biased towards smaller, less
complex systems analysis which may be undertaken at a company level or sector-level for
governments. The comprehensive approach to resource accounting is both time consuming
and capital intensive. It often requires high data inputs and the technical skills necessary to
interpret results and propose alternative sustainable applications. Institutions in developing
countries have nowhere near the capital and human resource capacity needed for such
assessments, much less governments and public organisations. For this reason this tool
becomes impractical.

2.6.2.3 Natural Capitalism

Common criticisms of purely economic assessments of urban growth (urbanisation), as
provided by the Economic Analysis (EA) approach, are related to its failure to account for
both social and environmental aspects. Natural Capitalism (NC) is more inclusive of the
environmental aspects but in its neglect of social concerns, it again fails to be sufficiently
comprehensive.

A common response to demands for assessing environmental sustainability is that
nature is too difficult to measure and that abstract concepts such as sustainability are not
only difficult to define but even harder to quantify. This may be true, but it has not
impeded sociologists and economists from attempting to define or measure equally abstract
notions such as choice and rights, freedom and democracy; nor has it impeded the
quantification of notions of poverty, health and wellbeing. This argument is therefore
invalidated by the measures available to overcome such constraints.

The Natural Capitalism approach recognises that in order to integrate the ecological
dimension within economic considerations, it is important to take into account all the
relevant aspects of society and the environment (Robért ef al., 2002). The theory behind
Natural Capitalism looks at the shift from human capital constraints to natural capital
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constraints, Whereas in the past natural resources were abundant and the limiting factor to
development was a lack of skilled labour, today, natural resources and supporting
ecosystems represent the critical components to development. This marks a return to the
fundamental ‘limits to growth’ theory. As a result businesses and institutions must adjust
and conform to the Natural Capitalism ‘accounting system’, for which there are four
underpinning and guiding principles (Hawken et al., 1999):

1. A radical increase in resource productivity. This looks to minimise both inputs and
outputs and maximise on throughputs.

2.  Rethinking and redesigning with the notion of complex closed loops in mind rather
than the single, linear approach, and therefore develop methodologies and
technologies which acquiesce to this.

3. Adoption of the ‘service provision’ rather than the ‘goods distribution’ approach in
business to emphasise the actual services provided and move away from over-
consumptive and wasteful practices.

4. Investments in natural capital, the support systems for human existence and societal
functioning.

The above points reinforce the following conclusion; the economy or economic system
must be viewed within its true context, to be existing, and hence dependant on, the broader
social and ecological spheres. This dependency provides the real and relevant constraints
to economic growth, which will be limited by natural capital and not man-made capital as
was previously perceived. These points are certainly pertinent to the water sector, and
should be seen as guiding principles for the period of change ahead. There are however
valid criticisms to a full scale Natural Capitalism approach. Firstly, man-made capital has
become indispensable in the development of societies and the path of development
currently undertaken will reinforce this. Secondly, any single-sided or one-dimensional
approach to strategic thinking is bound to lose relevance. Finally, sustainable development
must ensure the integration of all pillars of sustainability; social, institutional and political,
as well as environmental and economic.

2.6.2.4 Ecological Footprint (EF)

The concept of an ecological footprint was initially introduced in the early 1990s by
Canadian ecologist, William Rees, and Mathis Wackernagel. It allegorically describes the
amount of land and water required by a population or species to survive, for the attainment
of sufficient resources as well as absorption of wastes, given contemporary technologies
(Ecological footprint network, 2006, Wikipedia, 2006). In simpler terms, the Ecological
Footprint is used as a measurement and management tool to assess and indicate the
environmental sustainability of systems and networks. Through this assessment of relative
consumption, the tool serves to educate on the issue of consumption patterns and create
awareness for the overall impacts on the environment. Ultimately the EF attempts to
change behaviours through better information and knowledge dissemination, and as such it
is a strong social tool.
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Some valid criticisms of this method have been raised and are relevant here. For one, the
EF was developed and initially adopted by developed countries, consequently criteria and
indicators might have little relevance to the needs and priorities of poorer nations.
Although resource consumption can be and is significant in both settings, the reasons for
this differ considerably; the per capita (over)-consumption in developed areas being
counter-balanced by (under)-consumption by significantly greater numbers in poorer
countries. Secondly, this indicator makes rather simplistic assumptions and rough
estimations. For example, the indicator does not consider multiple land uses or multiple
links between resources, users and their environments.

The Ecological Footprint has nonetheless effectively fulfilled its goal. It has, and
continues to create significant understanding of consumption and disposal patterns and it
has reached not only the more schooled individuals but it has truly endeavoured to
enlighten the common man. The concept employed is simple and expressive, going to the
core of the matter and shocking the user into awareness.

“Today, humanity's Ecological Footprint is over 23% larger than what the planet
can regenerate. In other words, it now takes more than one year and two months for the
Earth to regenerate what we use in a single year. We maintain this overshoot by
liquidating the planet's ecological resources. This is a vastly underestimated threat and
one that is not adequately addressed” (Ecological footprint network, 2006).

The EF remains very general and while it does create a sort of shocked awareness, it
does not indicate key stakeholders in the force for change and certainly does not provide
concrete direction for this change, aside from pointing that change is indeed needed. This,
as well as the actual aspects under assessment, marks a significant difference between the
EF and the SI. The concept is nonetheless ingenious, because it forces the ordinary citizen
to realise that if consumptive patterns of humanity currently demand more than the one
planet available, there is indeed a problem. It also points to the inequalities in cities and
across the globe and stresses the contribution that each individual is making towards such.

2.6.2.5 Environmental Sustainability Index (ESI)

The Environmental Sustainability Index provides a yardstick for the environmental
performance of nations through assessments of the degree to which these undertake
environmental protection and preservation, as well as the level of commitment to
subsequent issues at the global, national and local scales. This is achieved through the
integration of 76 variables which aggregate into 21 indicators and further into 5
components, which ultimately inform the final index. The information represented
highlights both the natural endowments of an area as well as the commitment to
environmental preservation. It achieves this through assessments of pollution (past, present
and potential future sources), environmental management and capacity to undertake
environmental management (YCELP, 2005).

The diagrammatic representation provided below describes the overall structure of
the ESL
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The sub-indicators and variables fall within the following five component catcoaries:
- Environmental systcms

. Reducing environmontal siresses

. Reducing human vulnerability to eovironmental stresses

. Soctelal and mstntotional capacily Lo respond Lo enviranmental challenges

. Global stewardstip

standardisation  of  varables  was  performoed o ouinlain comparability and
commensurability. For this, commen denominators were developed and used Le, GLE.
total population. city pepulation, the average price ol gasoline. total land area, 0 name a
few. Dada wae then trunsiommed Lo allow Tor impuotation and aggreoation, according to the
pre-selected model for the LISL Where daty was missing, ¢stimates were made based on a
comnwal impulation assumptod, that the data was MAR (missing at random). hree
ditferent imputation methods were used: The Markov Cham Monte Carle {(MOMO), which
wis cventually chosen; a regression-based modelling approach and an expectation-
maximisation algorithm, Following from which. data was winzorized, which catails the
shifting of ubserved values so that they Tall within stipulaled percentiles.

Varables were then agaregated into the 21 sub-indicators, according to cstablished
weighlings, Given that coutries place varving impeortance on different variables. an equal
weighting system was adopted. This scemed 1o provide Jvr a relaively neutral suarting
poinl. An analysis ol the quality and coveruge of data was also produced. Significant data
paps presented certain difficultics. and ultimately 60% data coverage was stipulated for the
inclusion ol a counlry 1o the ranking system. LThe ESI has swrongly miluenced the
development ol the sustainability index. providing a list of indicators and variables which
are relevant to currend eavironmenlal comcerns.
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For a detailed description of the Environmental Sustainability Indicator and its sub-
components refer to YCELP (2005).

The ESI provides a powerful tool for analytically assessing environmental
sustainability; as a result it is a strong policy-guiding instrument. It also allows for
benchmarking of the various countries included through comparative analysis of the
indicator results, stimulating both positive competition in general and within cluster areas,
e.g. EU countries, SADC countries, developed or developing countries, countries within
the same climatic regions or countries with similar population dynamics. Furthermore, it
offers the opportunity to showcase and encourage appropriate policy responses to
environmental issues, as well as highlight good practices across institutional structures and
relevant technologies.

To a large extent the 2005 national ESI scores conformed to expected results,
differentiating between those countries with greater or less resources: economic, human,
natural and social. In some cases development and industrialization and consequently
natural resource depletion, particularly non-renewable resources, were identified as major
environmental stressors. In other cases, underdevelopment, poverty-induced and poverty-
responsive initiatives coupled with poor capacity and low investments in pollution control
and environmental preservation led to resource depletion, particularly in terms of
renewable resources. To this effect, clusters were used to highlight similarities amongst
countries with common characteristics.

Both the overall ranking and the cluster ranking exercises illustrate the
benchmarking potential of this tool, highlighting the ‘leaders and laggards’ in the progress
towards environmental sustainability. For example, the ESI scores indicate that Finland,
Norway, Uruguay, Sweden and Iceland are currently the top ranking countries, while
North Korea, Iraq, Taiwan, Turkmenistan and Uzbekistan displayed the lowest scores.
Within cluster categories Austria and Belgium had the highest scores and Taiwan and the
UK featured at the bottom of the group for cluster 1 (defined for those countries with low
stresses and vulnerabilities and moderate stewardship capacity). The same was true of
comparisons made across the different indicators. Country performances varied for
different indicators and none displayed very high scores across all indicators, stressing that
all countries can gain from benchmarking environmental performance, and hence can
benefit from the ESI. The mapping exercise in Figure 2.9, illustrates the benchmarking
capabilities of the ESI. This spatial identification of environmental sustainability can help
to identify which areas require greater attention and why. The ESI provides a wide-ranging
assessment of environmental sustainability for the majority of the world nations,
consequently ESI indicator scores can enable comparisons with similar indices.
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Figure 2.9: Environmental Sustainability Index 2005
Country ESI Scores (YCLELP, 2003)
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As one of the first tools explored the ESI introduced the methodological approach of
disaggregating components into indicators and finally into variables, as well as the concept
of benchmarking and spatial mapping. As with the ESI, an objective of a sustainability
index is to assess the relative rather than absolute performances, in order to draw
conclusions from the experiences of others, and encourage constructive competition.

The need to test the robustness of any such tool and apply it to real case scenarios
was put forth by the ESI developers, and this enabled the identification of preliminary
statistical techniques in the validation of indicators.

It was established that reliable and sufficient data is essential to ensure that
indicators perform their intended function and that the results they display are reliable.
This was illustrated by the exclusion of certain countries from the ESI assessment for lack
of compliance with data requirements. It is therefore vital that every country, whether
included or not in the ESI, prioritise data collection and monitoring initiatives. This would
considerably enhance the applicability of this and similar indicator initiatives.

The ESI, and sustainability indicators in general, is concerned with informing on
progress toward sustainability and assessing sustainable development. The ESI however
provides a much broader assessment of the environment at the national level, whereas this
research addresses the urban dimension specifically but more explicitly focuses on the
water sector. It is as a result that the ESI is more ecologically-driven, and in part diverges
from the research objectives of thesis.

The scale of implementation of the two indicators also differs considerably. The
ESI was developed and applied with the purpose of national benchmarking; this research
on the other hand, is geared towards local-level (city or system) applications. The indicator
development and selection process will therefore differ.

2.6.2.6 Environmental Performance Index (pilot EPI)

The pilot EPI, introduced by the developers of the ESI, exhibits many similarities with the
latter. It was developed with the aim of fulfilling a substantial gap in assessing the
performance of nations in relation to targets such as the MDGs. Many nations currently lag
far behind their MDG targets. Some critics propose that the abstract nature of these goals
provides little in the way of implementation-level strategies, and where progress has been
made, the lack of monitoring and assessment tools renders this progress barely discernible.

Through its performance-to-target approach, the EPI proposes to address such
criticism, as well as set up a system for continual revision and implementation of goals and
targets. It centres around two important environmental protection imperatives: firstly, the
reduction of environmental stresses on human health; and secondly, the promotion of
ecosystem vitality and sound natural resource management. Both of these reflect priorities
inherent in the MDGs as well as concerns expressed by decision-makers and
implementation-level institutions (YCELP, 2006).
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The EPI provides a sound basis for comparing and linking economic performance with
environmental protection of each country. This initiative tracks down proximity to target
over time, based on a set of environmentally desirable outcomes. Performance is measured
through 16 quantitative metrics which fall under the two broad categories mentioned
above.

For each of the 16 indicators, relevant goals/targets were identified which comply
not only with international standards but are also inclusive of expert opinion. Under the
two objective categories, sub-components were explored, namely: environmental health,
air quality, water resources, biodiversity and habitat, productive natural resources and
sustainable energy. These were further disaggregated into groups of two to five indicators,
resulting in the final 16 indicators. Aggregation enabled country comparisons for the
sixteen indicators, the six policy groups, and for the two main component categories.

For comparison purposes, all indicator values were converted to a proximity-to-
target measure, scored from 0 — 100 (100 being the highest possible score and 0 the worst).
Indicator weighting varied. The EPI employed a combination of equal weighting, and
where literature lacked clarity on appropriate weights allocation, statistically derived
weights following on the PCA method (Principal Component Analysis) were used. PCA is
a complex statistical method which determines how important the indicator is for its
aggregate group (component); the higher its factor loading the better it can inform the
component.

2006 EPI rankings showed that New Zealand, Sweden, Finland, the Czech Republic
and the United Kingdom are current leaders amongst the group of countries assessed, and
that Ethiopia, Mali, Mauritania, Chad and Niger are current laggards (Figure 2.10). The top
ranking countries could be characterised as developed and economically competitive
countries of the North with the opposite being true for lower ranking countries. This
indicates a strong correlation between economic performance and environmental
sustainability, with more affluent countries having far greater resources and capacity to
introduce sustainable protection measures. High overall scores however did not signify
high scoring across all the policy categories discussed.

To reiterate, the EPI shares many similarities with the ESI. The same clustering
approaches are used to enable comparisons between nations with similar characteristics
and features. The EPI follows on the methodological footsteps of the ESI, however it
provides a valuable addition; the use of targets to assess progress towards concrete goals.
This is crucial because benchmarking in isolation is not sufficient to determine whether
there is indeed progress towards sustainable development. What it does is inform that some
countries are performing better than others. The introduction of targets sets base levels for
the achievement of sustainability and it ensures that this is a continual process.

The two tools are complementary, but the EPI makes for a more practical and
target-driven tool. As with the ESI, the EPI has a strong ecological bias hence the
irrelevance of some parameters to this thesis. Furthermore, the tools used to present results
again bring to attention the need to visually engage and captivate the reader, whilst
transmitting the necessary information.
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Figure 2.10: 2006 Pilot Environmental Performance Endex
Country EPI Scores (YCLLP, 2006}
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2.6.3 Risk indicators
2.6.3.1 Defining risk and vulnerability

The United Nations defines risk as occurring when hazard, vulnerability and exposure co-
exist. It is the potential for harm or loss as a result of human or natural induced impacts on
vulnerable environments (WMO & UN-ISDR, 2006).

Vulnerability refers to the susceptibility of a system and/or its components to
hazards due to exposure, whereas hazard refers to a potentially damaging event. The
opposite measure of vulnerability would be a measure of resilience. It therefore follows
that a high measure of one will reduce the measure of the other.

There are two main categories of risk; natural risks as a result of natural hazards;
and human-induced risks which occur due to anthropogenic causes (WMO et al., 2003;
Snoek, 2006). Both are of great concern in urban planning and urban water management.
In reality however, these become closely interlinked, where the expression of one may be
due to the impacts of another. For example: fire is generally a man-created risk but it can
be compounded by strong winds (exposure) and poor access to water (vulnerability)
leading to an even greater hazard. The effects of climate changes also provide a good
illustration. Consensus amongst scientists and experts is that anthropogenic contributions
to climate change will find expression in more frequent and destructive natural disasters,
such as increased frequency of droughts and floods, cyclones and tornadoes (WMO & UN-
ISDR, 2006). High risk levels compromise the stability and sustainability of urban
systems. It is therefore possible to correlate vulnerability, risk and sustainability, hence the
measure of one will undoubtedly look at all the others.

The clear water linkages and ultimate impacts on society at large — harm to life and
damage to property — reinforce the inclusion of risk and disaster management in [UWM.
The following sections provide a discussion on some of the risk monitoring and
management tools explored.

2.6.3.2 Environmental Vulnerability Index (EVI)

The Environmental Vulnerability Index (EVI) was developed by the South Pacific Applied
Geoscience Commission (SOPAC) in partnership with UNEP, and other collaborators
(SOPAC & UNEP, 2005).

An indicator-based methodology similar to that of the ESI and EPI is adopted for
the EVI. The index measures the vulnerability of the natural environment of a nation or
region in an attempt to improve the measurability of existing vulnerability indices such as
the economic vulnerability index and a prospective social vulnerability index. The group of
vulnerability indices is ultimately aimed at guiding national-scale development to ensure
that growth and development remains within the economically affordable and
environmentally sustainable levels prescribed. The objective is therefore to identify current
natural hazards and man-made practices which function to the detriment of the
environment, and which consequently inhibit human development.
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By quantifying ecological impacts and benchmarking the current standings of nations it
alerts decision-makers, practitioners, officials and the public in general to potential
problems. In doing so it encourages a change of attitude and the adoption of new
approaches and methodologies (SOPAC & UNEP, 2005).

Vulnerability in the context of the EVI refers to the ability of humans or natural
systems to respond to adverse events. Risk assessment is therefore integral to the
sustainability index, seeing as high vulnerability is indicative of high risk or high exposure
to risk and vice-versa. While the EVI focuses on the environmental aspects of risk and
vulnerability, and neglects the social, economic and cultural components, it is nonetheless
meant to be used in conjunction with other indicators which assess the other aspects of
vulnerability.

The EVI incorporates 50 sub-indicators. Selection of sub-indicators took into
consideration three distinct aspects of vulnerability; risks associated with hazards,
- resistance to shocks and stresses, and acquired vulnerability or damage. The hazard
indicators assess the frequency and intensity of hazardous events and 32 sub-indicators
were assigned to this category. A country’s or region’s ability to cope with natural and
anthropogenic hazards was assessed through the resistance indicators, of which there are 8.
With regard to acquired vulnerability and damage, the aim was to assess the vulnerability
due to significant loss of support systems or structures. Examples of this are growing
degradation of ecosystems or loss of biodiversity. For this last category 10 indicators were
assigned. Selection went a step further to provide an assessment on key issues prevalent
through all three categories such as: weather and climate, geology, geography, ecosystem
resources and services, and human populations. These were termed the ‘type’ categories.

The sub-indicators adopted either a ‘smart’ or end-point approach. This was done in
order to allow for a wide range of situations and processes which operate well if the sub-
indictor values are favourable. In this way the data requirements were reduced but the
reliability of the indictor was not significantly diminished. The idea was that if an end-
point was satisfactorily produced or functioning well, then the conditions necessary to
achieve that end-point were present and operation was as desired. These sub-indicators
were averaged and combined to give the final index score for each nation.

To enable aggregation, all indicators were converted to a single 1 to 7 scale,
independent of their original unit of measurement; 1 represents high resilience and low
vulnerability and 7 indicates low resilience and high vulnerability. Although there is a
general scale from 1 to 7, the defining endpoints vary on an indicator to indicator basis so
as to be policy-relevant and data-reliable. For example: whereas for the indicator for high
winds the end-points were 148 and 601 (Figure 2.11); for sea temperatures these were 3.7
and 16.4 (Figure 2.12).
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Fieure 2.12: Scale tor sca emperatares indicator (SOPAC & UNEP, 2005)

An cqual and balanced weighting scheme was uscd, this mainly as a result of the
divergence. both in theory and amonygst experts. regarding what should be prioritsed and
hienee rated higher,

The final country or area profile illustrattons provided in the EVI report display Lhe
sub-indicator seores as well as the final index seorc, and exemplily the visual wols that can
be emploved to simplify und hence atiract attention o the results presenied (SOPAC &
[INER. 20035).

Simtilar 10 hoth the ESL and EPL profiling of individual indicators, as well us
grouping of mdices inte thematic calegones was perlormed. In this case, a final ranking
svstent wus adopted according 1o the five catcoorics displuyed on Table 2.3,

Table 2.3: Asscssmeni of VI scores (SOUPAC & UNLEP, 2005
EXTREMELY VULNERABLE
HIGHLY VULNERABLE

VULNERABLE

AT RISK

RESILIENY

Some of the limitations of the EV] involved limited data collection for indicators; in most
cases. this was restricted 1o the past 5 vears. on the assumption that the immediate past had
a much stronger influcnce on the short-term environmental vulnerability and ccosysicm
functioning and/or responses. Lack ol data was overcome by making the index as Nexible
ws possible. Where data on a particular sub-index wus missing or the particalar sub-
indicator wis not applicable. caleulations were done on the basis ol data that was available
and relevant,
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fn contrast W both the LS and LPL the BV is significantly less complex. not only in its
demand for dala but alse with regard to the methodology used for compiling the data. and
caleulating the index. However criticism of the same applics: the approach is rather
simplistic and may very well hide significant data gaps and distorbons. Nonetheless the
aim was to produce a practical ool subject to continuous uperades,

With regard W its relevanee to this rescarch, the EVI presents an apporlunity lor
identilving crucial environmenial hazards which might compromise the sustaioability of
utban water covironniends, particularly those hazards which pose significant risks to the
arca of interest. e, southern Alrica.

2.6,3.3 Disaster Risk Index (DRI)

The Ldsaster Risk Indicator (1MR1) provides a measure of the national monality risk due o
exposure Lo cerlain disasters such as earthguakes. wopical exclones, floods and droughts. It
also considers social and economic aspects which either conibute or can be linked to the
risk ol death. This indicator however fails wo address other taccts of risk which do not
dircetly threaten life i.e. loss of livelihood, economic costs o individuals and sociely at
large (UNTP. 2004),

The indicator encapsulates the definition of risk provided earlier which states that
risk arises as a result ol gxposure w a hazard which s compounded by a specilic aroup’s
viulnerability to it The risk indicator therefore adopts the following conceptual frameswork
(WO & UN-TIXSR, 2006; UUNDP, 20045,

Risk — Hazard X Exposwre

Risk is dependant on the probability of the occurrence of a hazard and the exposure ol a
given group o that hazard. This however does not explain the different impacts similar
hazards have on arcas expericncing similar levels of exposure, The missing variable is
vulnerability. which assesses both the adaptive and coping capacity of groups w deal with
hazards, The cmphasis is therefore on vulnerabilities to the hazard and not the hazard per
se. which is often uncontrollable 1n any case. Calculation of the DRI follows the following

sleps {LINDP, 2004

1. Caleulation ol physical exposure. The areas exposed 1o the four types ol hazard
aelected are identificd and this aspect is expressed. in both absolute and relative
termis. as the average number of people exposed 0 a given harzard in a given vear,
given the frequency ol the hazard.

2. Caleolation ol relative vulnerability. Given that vulnerability 1s dependant oo
countless socio-cconomic. cultural. political, institwtional and physical aspects, the
DRT adopted a proxy lor vulnerability. The number of people actually killed per year
has been used as an indication of the actual risk. Vulnerahility was then calculated as
the ratic ot the number of deaths resulting from hazards and the number of people
caposed.

Sustainahiloy Index for Tmteprated Flrban Water Manacement in Sowthern Adrican Crries
Chapter 2: Literature Review



S
PR P

'

Caleulation of vulnerabilily indicators. As a inal step. the indicator compares Lhe
measure of vulnerabiliny provided above with values tor 26 selected social. coonomic
and environmental indicators using a multiple logarithmic regression model,

As with any other tool. the DDR] has made tradeoffs and consequently hoth reliability and
representability of results has been allected. Firstly. the Indieator restictivel vy assesses risk
of death and fails to include very significant losses to livelihood, economic cosls,
environmental dantage and other social disruptions. Sccondly. the indicator moniors both
medium and laree scale disasters but neglects the impact of small-scale hazards. which can
have extreme cumulative elTects. Thirdly, in lerms ol the duty used {F980-2000) countrics
which cxpericnced disasters prior to the assessment tume frame were significant]ly
“underscored’. Finally, with regard Lo the variables used: these were selected on the basis
of existing global datasets. consequently other variables which might have been useful
were nol included (UNDE, 2004 ).

A clear outcome of this exercise was the identification of the links between
development and the risk of disaster. In response 1o this, the mdicalor illustrated that n
certain countrics with similar exposure. the associated death rates varied, often pointing 1o
“development paths™  which were either disasler or pisk  sensitive or allernabively
compounded disaster and risk levels, This thesis explores sustainability of urban water
svslems and therefore will focus on disasler management n the water sector, an area with
orcat potential tor nitigating both risk and exposure 1o risk. For example. adeguate water
supply to an area, while nol eliminating the risk ol fire. can help mitizate the more serious
impacts of a fire, Theretore access 1y water supply 15 linked 1o disaster management,

Safery networks and adequate institutional management can contribute to reducing
the impacts of hazards by responding quickly and efficiently lo g ensis (good disaster
mamggement). This was illustrated. albeit to the contrary, during the major floods of 2000
in Mozambigue, aficr winch thousands were lell homeless and exposcd o poor hyglene
conditions.

Figure 2.13: Man collecting water and Figure 2.14: Thousands in need of flood
food supplies in Chibuto, Mozambique rchict, Mozambique (Bible Socicty, 2007)
{(LUNEP, 2007)
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In these cases the social, institutional and governmental responses can and do work to
reduce the primary threats to life by improving access to potable water and adequate
sanitation, and by supplying food and basic shelter, hence the necessary accounting of
disasters in sustainability considerations.

2.6.4 Socio-economic indicators

Achievement of goals and targets such as those set by the MDGs requires the necessary
tools to monitor progress and assess results. Towards this objective, the UN has provided
information on the rankings of countries in relation to MDG targets. Assessment of the
progress in under-developed countries has been difficult due to lack of data and, where this
exists, due to poor dissemination of information. A track record has nonetheless been
maintained. This track record reports on the progress and achievements of all 53 African
countries towards the attainment of the millennium goals. It serves as a good indication of
socio-economic progress in the continent and can be used in conjunction with indices such
as the Human Development Index and the Human Poverty Index in order to identify
priority areas for intervention, both spatially and sectorally.

2.6.4.1 Human Development Index

Initially developed in 1990 by Pakistani economist, Mahbub ul Haq, the Human
Development Index (HDI) has become an integral part of the work done by the UNDP on
human development. It has since 1993 featured prominently in the annual Human
Development Report. In essence, this composite index traces the level of development of
nations across the globe and provides comparative measures through the analysis of four
components which fall under one of the following three categories (Wikipedia, 2007a):

® Health and well being, assessed on the basis of life expectancy from birth (i).

e  Literacy and education, measured through school enrolment rates (ii) and adult
literacy levels (iii).

e  Standard of living, which makes use of the log of per capita GDP (Gross Domestic
Product) at PPP (Purchasing Power Parity), expressed in US Dollars (iv).

The aim is to assess a country’s performance along the development continuum,
determining whether it is developed, developing or underdeveloped. Furthermore it
employs a ranking system for the 175 UN member countries included. Monitoring of a
number of socio-economic, political, cultural and environmental issues is undertaken and
compared to the progress achieved under each of the basic categories of the index. The
Human Development Report provides a comprehensive list of these, recording their
achievements.

The 2006 report, introduced in Cape Town in November 2006, focuses on power,
poverty and the links to the global water crisis (Wikipedia, 2007a). The findings illustrate
that the gains achieved by some developing or developed countries have been strongly
offset by the deteriorating performances in Sub-Saharan Africa and South Asia.
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The report emphasises the importance of meeting the Millennium Development Goals
towards a more equitable and sustainable future. It also addresses the failure of most Sub-
Saharan countries in setting and/or meeting target dates, resulting in an overall poor global
performance towards MDGs. Given that the MDGs provide an initial entry-point, albeit a
challenging one, for the elimination of water and sanitation backlogs, the prospects for
“water and sanitation for all”, the motto of the 1970s and 1980s, are not positive.

2.6.4.2 Human Poverty Index (HPI)

Assessments of poverty and vulnerability have made use of a number of tools, both
quantitative and qualitative. The measure of this has been somewhat problematic because
poverty or the expression of it cannot be simply put down to a number. The social and
environmental implications cannot be neatly enumerated and calculated, the human aspect
attributes it an almost abstract dimension. Nonetheless efforts have been made, and these
have provided a strong indication of the level of vulnerability, exposure and destitution that
millions experience worldwide and particularly in Africa. The Human Poverty Index
developed by the UN provides a measure of these. It makes improvements on the HDI by
incorporating additional variables (UNPD, 2006a).

Assessments are made based on the same three categories employed in the HDI,
however the variables adopted differ as follows: (i) probability at birth of not surviving to
the age of 60 (%), (ii) people lacking functional literacy (%), (iii) long-term unemployment
(%), and (iv) population below 50% of median income (%).

In the case of both indicators, endpoints are set for individual variables and a score
is obtained on the basis of these. Variables are equally weighted to arrive at the final
indicator value. Both the Human Development and Human Poverty Index explore the
socio-economic dimension lacking in previously discussed indicators such as the ESI and
EPIL

The indicators display a socio-economic bias and therefore in the context of this
research will serve as complementary tools to the more ecologically-focused indices
discussed, which in isolation also fail to provide a multi-dimensional view of
sustainability. Both the HDI as well as the HPI served to guide the researcher in the
direction of useful indicators for which considerable data has already been gathered and
synthesised. In the absence of similar indicators to the one under development, the HDI
and HPI, amongst others, serve as useful comparative tools.

2.6.4.3 Falkenmark Index, water scarcity and water stress indicators

Falkenmark, Lundqvist and Widstrand (1989) introduced the Falkenmark water stress
indicator, largely in response to growing debates around the issues of water stress and
water scarcity. Presently, the debate revolves around the water crisis and its impacts on
development, or rather lack of, in countries of Asia, Latin America and Africa, and how to
gauge the true extent of the problem (Rijsberman, 1994).
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Falkenmark et al., proposed a simple measure of water stress/scarcity. They proposed a
threshold water availability value based on which area-to-area comparisons could be made.
Their research led to the identification and proposal of a 1700m> per capita per year
renewable water resource estimate. This value is based on informed approximations of
water requirements for a variety of activities under domestic use; agriculture and industrial
developments; applications in the energy-sector; as well as the need for maintenance of
ecological systems. This culminated in the assessment of national performances based on
such thresholds and the following stipulations were provided: a country which cannot
provide the basic 1700m’ per capita water requirement is considered water stressed; and
those for which levels fall below 1000m® and 500m’, are ones of water scarcity and
absolute scarcity, respectively (Rijsberman, 1994).

The simplicity of this tool has had and continues to have great appeal, particularly
in addressing water management and governance issues in policy discussions. In his
assessment of the water crisis phenomenon, Rijsberman provides a perceptive examination
of the strengths and weaknesses of the Falkenmark indicator, identifying the following
advantages: 1. the data requirements are minimal and often readily available; and 2. the
underlying foundation of the index is based on intuitive assessments and hence with regard
to both meaning and applicability the tool is easy to understand and apply. For this reason
alone, Rijsberman maintains that the Falkenmark index will not soon be replaced in policy
debates, in spite of more in-depth and comprehensive tools which can provide a more
accurate assessment of the situation.

Rijsberman also highlights some of the limitations of the index. Firstly, the use of
annual, national averages can hide significant temporal and spatial variations. This is
however acceptable as the definition of both temporal and spatial scales is necessary to
ensure continuous and systematic appraisals. These might however be more pertinent if
they address on the one hand seasonal variations in the availability of water (possible
seasonal time intervals), but also more local-level variations (city-wide or regional).

Secondly, the indicator fails to account for the role of infrastructure in
considerations of water availability. A country or region might be limited in terms of
natural endowments; however technology has provided the means to overcome this to an
extent. Cape Town, for example, is a water stressed region and in response the city has
undertaken to build dams, the Berg River Dam being perhaps the last to be built for
decades to come, in order to secure sufficient volumes for the following years.

Thirdly, the simplicity of this threshold-based analysis does not recognize that water
demands differ from country to country depending on factors such as climate and lifestyle,
level of development and technological advances (Rijsberman, 1994). It is also worth
noting that a society’s or nation’s ability and willingness to cope with limited water
resources varies.

Literature provides various other examples of such water indicators, many of which
have built on the concepts introduced by the simple Falkenmark index. The Water
Resources Vulnerability Index and the Criticality Ration are such examples, however these
will not be discussed here (Rijsberman, 1994).
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Ultimately tradeoffs are necessary to ensure that while a tool is sufficiently inclusive and
complete, it does not loose its practicality and applicability. Put simply, more emotive and
intuitive tools have proved to have greater appeal and to cater for a wider base of potential
users.

2.6.4.4 Water Poverty Index (WPI)

The concept of a Water Poverty Index (WPI) is firmly rooted in the need to establish the
influence or impact of water (or lack of) and related services on poverty. It was first
introduced by Dr Caroline Sullivan at CEH Wallingford, and later upgraded by her in
collaboration with stakeholders in at least four countries; Tanzania, Sri Lanka, South
Africa and the United Kingdom. The WPI both recognises the linkages between water and
poverty and proposes to measure these through the use of indicators. Furthermore, the
recognition of the role of water in poverty eradication has emphasised the need to
incorporate ecological, and particularly water, considerations in development planning
approaches. Whilst extensive research has explored the socio-economic aspects of poverty,
and has culminated in the development of management tools which link the environment
and poverty, the water perspective on poverty alleviation has been significantly neglected
(Sullivan & Meigh, 2006). The WPI was developed in recognition of this fundamental
vacuum in literature.

Conceptually, the WPI combines five main components which help to determine a
population’s or region’s susceptibility to poverty as a result of lack or poor access to water.
The aim is to take a holistic approach to water poverty by combining an assessment of the
availability of the resource with the degree of accessibility, given the environmental
conditions of that region. It is then evident that this tool strongly favours spatial
identification of poverty. In other words, it is possible to identify those areas which are
relatively water poor given their scores, and based on the sub-indicator assessments, it is
possible to prioritise not only the geographically water-poor but also improve on specific
areas of the water sector which have been identified as problematic, be these resource or
capacity-related (Sullivan & Meigh, 2006).

The WPI adopts an approach which is similar to the one used for the development
of the Human Development Index (HDI). A composite index is used which aggregates
both variables and indices according to their obtained values and attributed weights. While
variable selection can vary depending on area-based priorities and availability of data, the
component categories are fixed. Components were selected to represent the following
major concerns which the index tries to address (Sullivan & Meigh, 2006):

e  Resources: this is a basic indicator of the availability of water in the specific area of
study.

o  Access: this is an indication of the degree of water provision to an area, given
requirements for agriculture (even if only subsistence farming), as well as domestic
use.

® Capacity: looks to the ability of people in the region of concern to access water, and
is based on income considerations as well as education levels and health status.
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e  Use: provides an assessment of the various uses for water in a given area and the
contributions these make to the local and greater socio-economic environment.

o  Environment: this criterion recognises the importance of maintaining a certain level
of ecological integrity and therefore assesses the impact of water management on the
environment.

Alternative approaches for calculating the WPI such as the gap method and the time-
analysis approach were explored. The gap method enables a ranking approach where the
WPI scores obtained for each region are compared with a baseline value; country rankings
are generally done using this method. Target values, which are indicative of a sustainable
situation, can be assigned to each component, based on both quantitative and qualitative
assessments. The component values obtained from data are then compared with the target
values to provide a gap-determined WPI (Sullivan, 2002). The time-analysis approach
works on the basis of the time taken to obtain water or the work time required to be able to
afford certain volumes of water. Both methods were deemed useful but the preliminary
work on the WPI has kept to the composite index approach.

The development of the WPI highlights an important conclusion; indicators and/or
variables adopted must be site specific to retain relevance to local issues. This is not to say
that in the case of the initial WPI developed, the indicators and variables developed are not
adequate, but simply that they should only be used if deemed pertinent for the temporal
and spatial scales selected. Availability and access to data is also a strong determinant of
the variables to be used. Identified needs and wants as well as established priorities,
whether these are social, economic, ecological or policy-related, are additional factors in
guiding variable selection. Reaffirming what has been stated above, scale is an important
factor; but this will be largely dictated by existing data or the methods available for making
data correlations and/or assumptions. To illustrate this last point, studies carried out by
both Cullis (2002) and Sullivan er al. (2003 & 2006) adopted various scales — national,
catchment, sub-catchment and enumerator — for implementation of the WPI, and
consequently the data requirements varied. For the different scenarios, there will be more
appropriate and ‘accurate’ datasets. For example, whereas the national population census
may be appropriate for a national WPI such a broad assessment may be too coarse for a
community-level application of the WPI, in which case alternative data sources and
variables would be adopted.

One also comes to the realisation that more refined scales or localised areas of study
result in more accurate or perhaps more representative results obtained from the
application of such an index. Scale therefore plays an important role in the application and
relevance of indicators. Sullivan et al. (2003 & 2006), report on the community level and
national level studies undertaken to demonstrate the possible indicator and variable
variations depending on the scale adopted.

The findings of the WPI applications at both national and local scales led to the
following conclusions: firstly, it demonstrated that this tool does in fact highlight those
areas which experience greater water poverty. It also stressed those aspects of water
poverty such as resources, use, and capacity, which require greater consideration and
investment.
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The mapping approach was illustrative of the results obtained at local levels. Secondly, it
was possible to establish that the WPI can indeed be used at different scales but in order
for this to be applicable, data and hence underlying variables and indices must vary
according to the areas’ specific needs and priorities. Thirdly, it was possible to validate that
variable selection, data collection and WPI formation is better served through a
consultative and participatory engagement of all stakeholders.

The inherent flexibility in the indicator structure as a result of ‘open’ adoption of
variables is representative of the dynamism of systems, their transformation with time and
variation with space. It is a key component of the research currently undertaken and was
pursued in this thesis.

The developers of the WPI were also able to draw clear links between water and
poverty, proposing to explore an area of research which has been lacking, despite the
contributions that water can make to poverty alleviation. While the links between water
and poverty in the sustainability index might be implicit, the inherent benefits of improving
water management will certainly highlight this point.

The problem of inadequate data for differing scales led to the conclusion that there
is a need to correlate data collection exercises in order to obtain information which can
enable scaled applications of the WPIL. For example, data gathered at national level
(national population censuses) may preclude the use of such for WPI development simply
because the ‘right’ questions were not asked. The recommendation is that national
surveys/questionnaires include WPI related questions, to the extent that is economically
and practically feasible.

The WPI focuses on water supply particularly, to the neglect of other water services
which can contribute to increased social decline, leading to economic decline and hence
increased poverty. This is particularly the case with sanitation, which has significant
impacts on health and social well-being. An objective of this thesis is to explore all water
related services. In this regard the WPI fails to provide a complete view of the system and
identify other water related poverty contributors. There is also a strong bias in the WPI
towards the social and ecological aspects of poverty, with limited emphasis on the
political, economic and institutional dimensions.

Apart from the obvious conclusions drawn with regard to the significance and
utility of the indicators here explored, the overall analysis of water scarcity and water
poverty has also yielded significant results. In answer to the question posed by
Rijsberman’s (1994) “Water Scarcity: Fact or Fiction”? on whether there is indeed global
water scarcity, some findings will be discussed. Literature is somewhat contradictory in
this regard; there are those that support the Malthusian view on the depletion of water
resources, which can be inconsistent with the facts and figures. The human development
report is but one source that proposes a different viewpoint on the water situation. The
view expressed is that indeed there is fresh water scarcity but that this is a spatially
localised phenomenon, with strong cross-continent, and cross-country variability, and at
times with significant local differences.
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The issue is not one of ‘running-out’ of fresh water in the true sense as proposed by some,
but rather it is with regards to the contradictory approaches to socio-economic growth and
ecological preservation. Furthermore, one can find some direction by differentiating
between water insecurity for human consumption — resulting from poor policy orientation
and even poorer institutional management — and water insecurity for agriculture and
livelihoods development — a clearer expression of water stress/scarcity. Therefore in the
context of achieving the MDGs, the aim is to tackle water insecurity resulting from the
lack of a concerted movement towards better policy, management and implementation of
water resources and water related services.

Overall, the above discussed indicators made a significant contribution to this thesis
in that they served to highlight the links between water, water services, and poverty
reduction.

2.6.5S Sustainability and risk in integrated urban water management

The sustainability and risk indicators developed by Stoeckigt (2006) and Snoek (2006)
respectively have to an extent provided the entry-point to this research. The following
sections summarise their work.

2.6.5.1 Sustainability Index for Integrated Urban Water Management (2006)

The aim of the research conducted by Stoeckigt (2006) was to explore the literature on
sustainability and relevant indices with the ultimate aim of developing a composite
measure of sustainability for the assessment of urban water systems.

Through the development of a sustainability index Stoeckigt (2006) undertook a re-
evaluation of the urban water cycle providing the necessary adjustments to incorporate and
detail the major aspects of integrated urban water management. An index was developed
adopting a similar approach to that used in the development of the 2005 ESI. The final
index disaggregates into three major components — socio-political, economic and
environmental. Informing these three components, 16 variables were created, which were
further disaggregated into 44 variables.

Weightings were assigned to each variable, indicator and component, based on an
analysis of the literature available and expert opinion, as well as individual input.
Appendix A provides a detailed account of the final sustainability index structure.
Following on the ESI approach a scale of 0% to 100% was selected, for which 0%
represents the lowest possible score or no sustainability achieved, increasing up to a 100%
representing a fully sustainable system. This was followed by the development of a
spreadsheet which enabled the user to attribute values and ‘fill in’ the necessary
information, for which the programme then calculated scores for each individual variable,
sub-indicator and component according to the method of aggregation adopted.

In order to test the model, the indicator was applied to five distinct, theoretical
scenarios:

e  An informal settlement, based on Khayelitsha and Doornbach in Cape Town.
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o Acity macountry with a cormpt governiment, based on Bulawayo in Zimbabwe.

- A tourist town, based on the holiday rown of Hermanus, South Africa

¢ A poor Alrican city. based on the capital city of Sierm Leone, Frectown.

* A new residential development, based on the Pearl Valley Goll' Lstate development

in Paarl. South AMrica

Vable 2.4 provides a summary of the resalts obtuined for the five cases explored. as well as
a breakdown ol components for a detailled appraisal of the underlying causes of the
individual index scores.

Table 2.4: Results of sustminability index opplications (Sweckigt, 2006)

’ Siluatinn/ I Sociw Fnvirmnmentsl | Feonomica \i‘ Total
conipouent pulitical \s_\ I sustwinability

| Powor African cily 1 9%, | 8% 6% 4%
2 Antormal serthement | 30% i % 2% 37% -
_3Corupt government ___3'.-'% ] 5%y 4544 48% i
4. Touris town I3% 53% 6% 54% N
’?\:eu Nevelopment 1% K32 832 3% |

Given the characieristics ol cach case study and an understunding of the aspects driving
siich environments, the results obtained from the index upplications were not entirely
uncxpected. The conjectural nature of the cuses will have been a big contribulor to the
deviation of resulls from reality. Where information was oblained bused on similar existing
situations. data was most likely inprecise, outdated or unrelivble, The weighting system
utilised might have also ercated certain biases fowards aspects being assessed. which in
practice were irrelevant. Finc-tuning of the mmdex will have highlighted these imitations
which piven the time constraints went overlooked, Apart Jrom the data limitations, the
compositon and underpinnimg conceptual frumework ol the sustainability index was based
oh some crilical assimplions, some of which have not been (ested and others which might
he relevant in theory bt are not upplicable in practice. l'or these reasons, ulbeit being
extremely uselul in concept. the indicator requires Lurther work,

‘Fhe underlying indicator structore, methodaology. and variuble selection has proven
very valuable for the work to be undertaken in the progression of this rescarch. Building on
the work done by Stocckigl enables to an extent, the mclusion ol an inerdisciplinary and
multi-stakeholder ideology and provides urcater inpul from udditiona) sources.

2.6.5.2 Risk assessment in Integrated Urban Water Vianagement

The nisk indicator (Snock, 2006) dircctly complemients the sustainability index discussed
above, An extensive literoture review was carried oul anel it allowed lor appreciation ol
concepts such as risk. vulnerability and hazard. An assessment of current tools and
approaches contributed sigmlicantly to the development of this risk indicator.
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A review of the water cycle similar to that undertaken for the sustainability index, was
conducted, the product of which was slightly modified to suit the intentions of the
particular research.

This index was largely informed by the 2006 pilot Environmental Protection Index,
also developed by the Yale Centre for Environmental Law and Policy. A breakdown of
three components — social/political, environmental and economical — into sixteen
indicators, as shown in Appendix A, was employed. The sixteen indicators were then
disaggregated into 44 variables. For compatibility purposes, the variables, indicators and
components used for the sustainability index were used here, although the methods
employed for calculation differed. Conceptually the development of the risk index is
underpinned by the following formula:

Risk = Vulnerability x Severity x Probability

Risk is therefore a function of the vulnerability of a community or area, the severity of the
event, the shock or stress affecting it and the probability of occurrence. Vulnerability, as
defined for this risk indicator, refers to the susceptibility to exposure. It implies a lack of
resilience to a determined impact. Severity reveals the degree or extent of damage that can
occur due to a hazardous event. Probability identifies the probable occurrence of an event
and how often this might take place (frequency).

The selected variables were assigned values, which in practice would be represented
by true measures and statistics. The variables were also assigned weights to indicate their
‘importance’ within the indicator. The product of the value and weight of each variable
was then summed up to give the indicator values. To comply with the above assumption,
that risk is the product of the three factors (vulnerability, severity and probability); while in
practice only making use of the product of two factors (value and weighting) it was
assumed that two of the three components of risk were combined. In this case,
vulnerability and probability were combined as one category of the index and severity
represented another category. The link between vulnerability and severity is nonetheless
also valid and should be explored in further research, or alternatively a model should be
devised which can incorporate all three components of risk individually, rather than
combining two. This would certainly enable better understanding of each component.

Due to time and data constraints, the risk index relied substantially on qualitative
assessments. Values for indicators were provided on a scale from 0 — 5, 0 indicating
low/no threat of hazards as well as low vulnerability and 5 indicating a high frequency of
hazards as well as high vulnerability. The values obtained for indicators were then
multiplied by given individual weightings and this produced the values for the three
components of the final index. The three main components — social, economical and
environmental — were then equally weighted, and multiplied by the calculated value,
resulting in the final indicator. Given the subjective nature of weights adopted for
variables, indicators and components, these can be adjusted to represent the intent and the
priorities of the end-user.
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As with the sustainability index developed by Stoeckigl {2006). the risk index way tesled
hy way ol ive theoretical case studies. The same diverse seenarios were explored and the
tollowing table provides the summuary of those results;

Table 2.5: Results of risk index applications (Snoek, 2006)

Case study
| Irifotmal Palitivally Seasonal ! Worst case | Best ease
soltiement | unstable city | Wourist e SCENALLO SCENAri
Social AR 3% 1305 5% 5%
CosE o Lnwironnental 0% A3 %% 3T Fofhy 20t
e Ligananmic B7% Atitg A4t 7% 2405
=
Total S04 444 IR S6'% 16%%

2.7 Constructing a composite index

The ultimate aim of this rescarch is 1o develop a composite sustainability index which can
sumniarize the range ol issues which contribute 10 the suslainability ol urban water
gvstems, It therefore follows that this will draw considerably from existing methodologies
and approaches, Nardo er of. (20050 provide developers with the [ollowing step-wise
methodology o develop composile indicators:

ki

k2

2

A

=

Building a theoretical framewark which will provide the underiying basis lor
indicator sclection and support the overal] indicator strucure,

Indicatlor selection. termed by Nardo ef of.. "data sclection”, involves the selection of
appropriate indicators for the field ol research. given their relevance o current 1SsUCs.
their appropriateness to the arca in question. their seientilic and analytical basis and
abiinty to effectively represent the issues they are designed for (measuralility).

Multivariate analysis requires un investigation Lo assess Lhe overall mdicator
structure, given the various assumptions made in the development process.

Imputation of missing data involves looking at the steps followed, 0 order to arnve
al accepable datasets, and where data is missing, delermining how to address the
Lssue.

Normalisation involves the conversion of indicators andier wvariables to a
comparable torm, ensuring commensurahility of data.

Weighting cntails the determination of a weighting systeman order to agerepate sub-
indicators and/or variables, according to priontised issues or statistically determined
loaads,

Agoresalion rclers o the prouping of ndicators according o the underlving
conceptual framework.
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8. Robustness and sensitivity analysis is conducted to assess the robustness of the
composite index with regard to the underlying assumptions made in the construction
of the index, as well as the ‘sensitivity’ to changes in such assumptions.

9.  Establish links to other variables providing an opportunity to make comparisons to
other indicators and, where possible, verify and validate certain assumptions and
choices made during indicator development.

10. Develop visually appealing and user-friendly tools towards enhancing visualisation.
This step is also key in ensuring that indicators are well received by their target
audience. Findings should therefore be presented in a simple and transparent manner,
and results should be displayed so as to elicit the desired responses.

The above steps are comprehensive in their coverage of indicator development and
application; however they also involve an extensive exploration of statistical analysis and
models. While there is a need to address the statistical soundness of any index, there are
limitations to this initial exploration of indicators. Given the time and resource limitations,
it will not be possible to undertake such a comprehensive exercise as proposed by Nardo et
al., however all steps will be addressed, albeit in the order and to the degree that is suitable
to this research as will be seen in the subsequent chapters.

2.7.1 Deriving indicator weights

The preceding discussion details the process necessary to arrive at a final robust indicator,
and weight allocation is highlighted as a key step (6); however this is almost always a
conflicting exercise, and as a result it calls for particular attention. There are three main
approaches to indicator weight determination, for which a number of methods will then be
explored. The first is an application of equal weights, the second enables weight
allocations based on statistical methods, and the third option allows for stakeholder
participation and consultation in determining appropriate weights (JRC, 2007). The
simplest and most commonly used is the neutral approach, where all sub-indicators and
components are equally weighted. This can be done so as to represent the equal importance
of all components within the overall index or it can illustrate the lack of consensus
regarding indicator prioritisation. This first approach is simple and easily understood and
therefore will not be discussed. Through relevant examples and methods the other two
approaches will be briefly examined, as discussed by Nardo et al. (2005).

2.7.1.1 Statistical models

Principal Components Analysis (PCA) and Factor Component Analysis (FA) determine the
maximum variation possible by way of the least number of factors. Indicators and
variables are grouped in such a way as to form composites which can capture the most
commonalities (information) amongst them. Firstly, correlation in the data structure must
be checked to identify whether indicators share the same factors; the lower the correlation,
the least likely that there is commonality of factors. This is followed by the determination
of factors loadings, towards the eventual construction of weights. Ultimately, indicators
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displaying a high correlation with one another will be assigned lower weightings, because
they assess similar, or the same, issues.

Data Envelopment Analysis works on the basis of establishing an efficiency frontier
or reference line. Case studies displaying the best performance are used to represent the
frontier line and the remaining cases are assessed in relation to that frontier.

The Unobserved Components Model makes an assumption that indicators are
dependant on an unobserved variable and an error term i.e., improvements in health are
dependant or influenced by improvements in water supply and sanitation, accounting for
an additional error term. The rationale is that one gains an understanding for the indicator
in question by estimating the unknown component. The weight is then assigned in such a
way as to reduce the error in the composite index.

2.7.1.2 Opinion-based methods

The Budget Allocation method brings together various experts and practitioners in the
fields concerned, and based on their knowledge, experience and judgement, enables the
determination of a weighting system. Much in the same way as budgets are allocated for
projects or activities, experts are required to assign proportions of a set budget to
individual variables. This approach has the benefit of being representative of the
established priorities and needs in the specific context, however if composed of many
variables (usually more than 10), it complicates the allocation of budgets to the various
issues of concern.

Public Opinion; this method proposes that an extensive consultation process,
generally through polls, surveys, interviews, questionnaires or workshops, be undertaken to
establish the degree of concern expressed by the general public for particular issues. On the
one hand, a wide consultative approach has the benefit of being inclusive and
representative of public concerns; however it is both time and resource intensive and is
often rejected for more ‘efficient’ alternatives.

Analytic Hierarchy Process; this method involves a pair-wise comparison of
indicators or variables to determine, based on a defined scale, the importance of one in
relation to the other. This approach enables the breakdown of a complex problem or
concept such as sustainability by establishing a hierarchy of priorities. In line with this,
indicators and/or variables are ranked on the basis of both quantitative and qualitative
assessments, ultimately resulting in trade-offs characterized by the assigned weights.

Conjoint Analysis takes a step forward from the conventional public or expert
opinion-based approach, to effectively determine a ‘willingness to pay’ for the services
offered. Whereas the other approaches combine the assigned values of indicators, their
importance or worth, Conjoint Analysis disaggregates preferences by establishing multiple
scenarios for which respondents must indicate a preference.

Ultimately, all methods involve some form of statistical validation, albeit to
different degrees. The selection of a particular approach should be based on the level of
expertise of the developer and the preference and resources available; which often prevent
the use of more time-intensive approaches.
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2.8 Conclusions

In general, this thesis aims to address all three components of ITUWM, which will be
represented in the indicator. More specifically, the sustainability index is concerned with
time and spatial monitoring of the performance of cities, with the ultimate aim of
improving policy and decision-making. It therefore proposes to highlight issues in
management, which will have an impact on policy making. This then translates to changes
in infrastructure provision and service delivery.

In developing the sustainability index, due consideration was given to various
interactions within the urban water cycle as well as to the possibility of introducing
‘closed’ loops where linear, mono-functional and singular approaches to service provision
are evident. Chapter 3 highlights some of the links. Use of clean water for non-
consumptive uses of water such as flushing toilets is a clear example of such mono-
functionality, where otherwise grey water might have been used. The under-exploration of
rainwater as a source of domestic water is another example. Currently this resource enters
drainage systems and is conducted towards treatment facilities or disposed of at significant
economic and/or environmental costs.

2.8.1 Applicability of tools

Having described some of the more common tools for assessing sustainability currently
discussed in literature and applied in practice, it is important to make clear the differences
between these. Some tools adopt a more analytical approach for which the assessment and
understanding of system performances is the main target. Other tools are geared towards
practical uses and are guided towards informing implementation-level activities. These are
used to guide policy-making and action-taking in a direction which takes into account the
development needs of a system, while at the same time acknowledging that the very same
system is governed and limited by certain factors, both at present and in future. A third set
of tools are used to create awareness, encourage dissemination of information and promote
education. A revision of some of the tools explored in this chapter can provide a good
example of the aforementioned differences.

The Ecological Footprint has become a powerful analytical and environmental
awareness tool. It demands measurements of the natural capital available in order to
promote improved management thereof. This tool is based on much of the same concepts
demonstrated in sound financial management practices. The EF can be applied to any
desired scale, from the simplest system to complex accounting of cities or regions and as
far as global accounting of resource use. In an urban context, the EF can calculate the
equivalent amount of land to sustain a city’s activities in terms of the resources needed to
sustain it and the wastes generated by it, given the technologies available (Wackernagel &
Rees, 1996; Wackernagel & Sommer, 2006; Wackernagel et al., 2006). This tool however
does not provide the level of analysis required to guide decision-makers towards a targeted
course of action. On the other hand, tools such as the ESI have the necessary qualitative
and quantitative background to be more relevant in policy debates.
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Tools such as the ESI and EPI also highlight areas for improvement and guide by example,
encouraging countries to take action through a comparative and benchmarking approach.
Nonetheless both the ESI and EPI are scale-restricted, providing national accounts of
sustainability where local assessments might be more relevant. In contrast, the Water
Poverty Index has proposed to undertake assessments at different scales. The same can be
said of the Environmental Life Cycle Assessment, a tool which can be applied to a good or
service, the performance of a company or a country.

2.8.2 Comparative analysis of indicator results

A review of the indicators highlighted the following findings. On the one hand, the
indicators explored have set the foundation for the development of the SI. Moreover they
have provided insights into the performance of countries, including the two countries under
review. Table 2.6 illustrates the performance of specifically selected developing nations,
and one can note that performances are generally consistent across all indicators. This is
certainly the case for the first five indicators. Furthermore, the scores largely conform to
the pre-established expectations of the performance of each country.

Conclusions were also drawn from indicators other than those displayed in Table
2.6. It was possible to extract valuable information in the form of variables and indicators
which were useful towards the development of the SL

Regarding sustainability and issues relating to the environment, it is common to
adopt a less technical attitude and discussions are often limited to the study of what is
‘ecologically good or bad’, and to qualitative assessments of the impact of human
development. It has been argued, and validly so, that sustainability is a far too abstract and
complex (multi-faceted) issue to be quantified. In answer the following arguments are
proposed: (i) Willingness and capability to quantify such abstract aspects as health,
poverty, democracy and human rights, can and should be extended to issues of
sustainability; (ii) Sustainability covers a multitude of issues, many of which share
causality links which are simply too diverse and intricate to discern in a single exercise,
however it is precisely due to the complex nature of the subject that an assessment tool is
required. This only strengthens the case for such indices which can provide a more
accurate and comprehensive picture of the ‘environment’. Furthermore, given that
decisions are strongly reliant on hard facts, data and numbers, appropriate indicators can
guide appropriate action.

The aim is not to find the easiest approach for gauging sustainable development in
IUWM, in which case assessments of sustainability might not be applicable. The objective
is to explore the possibility of a sustainability index which can gauge the capacity of a
system to be sustainable; given its current conditions, observing past practices, and
accounting for future needs; in an effort to modify current behaviours.
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Table 2.6: National indicator rankings

Country ESIRank' | EPIRank? | EVI Value® wWPI* HDI® Falkenmark® Ecological Footprint’ | DRI® (No. of

o - _ 1000m?/capita/year ha/capita deaths/year)
Botswana 34 - 181 (resilient) 54 1.30 2
Lesotho - - 280 (vulnerable) 43.2 0.54 2.4 0.60 2
Mozambique 107 121 227 (at risk) 449 0.32 8.0 0.70 4828
Malawi 74 91 249 (at risk) 38.0 0.40 1.7 0.70 28
Namibia 32 92 200 (resilient) 60.0 0.60 15.0 1.60 0
South Africa 93 76 324 (highly vulnerable) 52.2 0.70 1.2 2.80 62
Swaziland - 101 243 (at risk) 53.3 0.58 3.6 1.10 26
Tanzania 63 83 257 (at risk) 48.3 0.44 2.5 0.90 22
Zimbabwe 128 74 200 (resilient) 53.4 0.55 1.5 1.00 5
Zambia 60 | 98 210 (resilient) 50.4 0.43 10.7

080 I

45.3 0.54 2.1 1.10 10

ool st s

Ghana 49 72 279 (vulnerable)

Uganda 57 78 283 (Vulnerable) 440 0.44 24 1.50 13

Brazil i1 34 281 (vulnerable) 61.2 0.75 364 2.20 106

India 101 118 381 (extremely 53.2 0.57 1.9 0.80 2932
vulnerable)

1. Yale and Columbia University. 2005. Environmental Sustainability Index: Benchmarking National Environmental Stewardship.
2. Yale and Columbia University. 2006. Pilot Environmental Performance Index.

3. SOPAC & UNEP. Building Resistance in SIDS: The Environmental Vulnerability Index

4. Paper by Lawrence, Meigh and Sullivan, 2002

5. Paper by Lawrence, Meigh and Sullivan, 2002; & Human Development Report, 2006

6. Paper by Lawrence, Meigh and Sullivan, 2002

7. Roughly 1.89 ha are available/person (http://globalis. gvu. unu.edu/)

8. The Disaster Risk Index is represented either as the absolute or relative number of disaster related deaths per year (UNDP, 2004)
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Country ESIRank' FPIRank’ | EVI Valuc’ L wer HDI " Fulkenmark® Ecological Fuotprint’ | DRI® {No. of
= g = 1000m “capilaycar ha‘capin dewthsvear)
§ Southern Africa (SADC member countries) o 4
B wana a4 - I8 (resiliin S6.0 . 058 5.4 |30 __ 2
Lesotho - - 280 (vulnerakle) 432 054 24 (.60 &
Mozubigua 07 21 227 (ul rish) 44.9 Gl Ll 0.70 4828
~ Malawi T4 v 249 {ut risk) FHA 1.} L7 (7 2%
MNumibiu i G 200 (resilienl ) Al 0.6 50 160 0 N
South Atrica 93 76 324 (hignly vulnerable) 512 {1.70 1.2 180 a2
Swaweilund - 101 245 i nisky 333 58 it 110 2%
| Tanzania 63 83 257 1at risk) _A83 0.44 23 0.90 22
Zimhahwe 12% T4 | M) (resilient) b | ¢ .55 1.5 1.0n ¥ A
| Zambia 60 9K 210 (resilienty 504 0.43 1.7 .80 i 0
Cihana 49 72 279 vulowrable) 453 .54 *1 L1 I
_Llganda 57 78 283 (Vulneruble) 4.0 i .44 24 [l i S|
Frueil [ 34 281 (vulnerabled al,2 0,75 344 220 [
Indis kil 118 3B fesiremely ] .57 1.9 (h.8M 290z
vilnerihle) N —

1. Yale and Columbia University. 2005, Envizomuental Sustnabilies fdex: Benchmarbing Warioeag | nvireumental Stiewardship.

2. Yale and Cilurmbin University. M6, ikt Environmental Perlommones Tndes.
A SOPAC & UNEP. Builibnge Resistanos in SIDS: The Enviromnental Vilnesability Index
4. Puper by Lawrence. Meigh and Sullivan, 2002
&, Puper by [awrence. Meigh and Sollivan. 202; & Human Developnen Report, 2006
6. Puper by [awrence. Meigh and Sullivan, 2002

. Roughhe 1,89 ha anc availablesperson

hieep: o bl s gy s

K. The Disaster Risk fndex is represented either us the absi' g or relative number of dizaster related deuths per sear TENIP, 20060
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3. Development of the index

3.1 Integrated Urban Water Management

The literature review in chapter 2 has introduced and clarified the meaning of Integrated
Urban Water Management (IUWM), and how this fits in with the broader concerns for
Integrated Water Resource Management (IWRM). It has also emphasized the need for inter
and multi-disciplinarity in the area of water management. The following sections will
therefore not focus on the theoretical principles of IUWM but rather address more practical
concerns, starting with a depiction and detailing of the urban water cycle, followed by a
short discussion on the components of urban water management and the types of services
addressed. The process of indicator development will then be discussed and the chapter
concludes with the presentation of the Sustainability Index (SI).

3.1.1 The urban water cycle

Figure 3.1 shows the urban water cycle. The diagram is illustrative of the three major
services concerned, namely; water supply, sanitation and sewerage, and stormwater. It is
also inclusive of the losses of water in the system through natural processes
(evapotranspiration) or human actions and interactions with the system. It takes into
account the critical issue of Non-Revenue Water (NRW) and disaggregates it into
components; Free Basic Water (FBW) and Unaccounted For Water (UFW). In addition,
sources of water other than those formally established by service providers are also
detailed in order to draw attention to potential supplementary water sources.

From Figure 3.1, it is possible to view the interconnectedness of the urban and
natural water cycles; the urban water cycle representing a subset of the natural water cycle.
This illustration also indicates the sources and sinks of water in the urban cycle (1). From
that point onwards, water is collected and treated for consumption (2). The majority of this
goes to the water network for distribution (3), however a percentage is lost due to
evaporation (4A.1). Of the water directed to consumers, a great part of it is accounted for
throughout the distribution network and reaches the various consumers via the same.

In less developed countries, however, there is a considerable amount of water that is
not billed, which is termed Non-Revenue Water. NRW (4), has two major components;
Unaccounted For Water (4A), which includes all the water that leaves treatment facilities
but does not officially reach consumers. In other words it leaves the treatment facilities
accounted for but does not get registered or metered at the consumer end. This may be due
to leakages in the network, illegal connections, vandalism and theft of components of the
system. The second component is Free Basic Water (4B), the provision of which is not
common in many countries. This is nonetheless a significant component of NRW, not only
because it applies to one of the case studies — Hermanus, South Africa — but also due to the
precedent it sets in terms of free provision of an essential and often unaffordable service in
an environment of extreme poverty and inequality.
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Figure 3,1: Urban Water Cycle
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Aside from water supply via the formal network (4), consumers may have other sources at
their disposal. There can be abstraction from boreholes, wells, springs, lakes and rivers,
and use of rainwater; what has been termed ‘direct abstraction’ (5). Alternative sources of
water include; reuse of untreated or treated greywater for purposes other than drinking
(7TA.1, TA.2), reuse of onsite treated or untreated wastewater (10) as well as reuse of off-
site treated wastewater (11). A percentage of onsite treated or untreated wastewater may
seep into the soil and can be stored as groundwater, part of it evapotranspirates and the
remainder is either utilised or conveyed to formal drainage systems as runoff (10).

Water sourced or supplied to consumers proceeds to a number of destinations; it can
be used in maintaining sanitary systems (6), discharged as used greywater (7), discharged
into stormwater networks (8), or simply discharged onto the environment as a result of
losses or neglect. The type of sanitation — on-site (9A) or offsite (9B) — and the
combination of wastewater and stormwater systems employed, will determine the volume
of bulk water abstracted which has moved through the system. This will either undergo
treatment (11) before it is returned to the environment as an output (12) or will be
discharged directly onto receiving environments as an output (12). This then leads back to
the various sources and sinks (1), hence completing a full cycle (cradle to grave).

The purpose of this representation of the urban water cycle is two fold; firstly, it
provides a review of the alterations to the natural environment due to societal activities and
human-induced impacts. Secondly, and as a consequence of the first objective, it responds
to these alterations so as to derive the most benefits for society with the least impacts on
the environment. In other words, by highlighting the interconnectedness of urban water
systems, with particular emphasis on the three water services, it is possible to identify
linear functions and inefficient practices with the ultimate aim of closing the loops and
maximising functionality and use of resources.

Integrated Urban Water Management questions the traditional, inflexible and
somewhat persistent approach of separate provision of water services. Given that the
availability and reliability of water supply is becoming less certain, and in view of growing
populations, expanding societies, competing uses and more recently; climatic changes; the
need for alternative solutions to fresh water supply has become apparent. This brings the
notion of a balanced urban water system strongly into focus. It encourages trade-offs,
substitutions, and where possible elimination of current unsustainable practices, through a
holistic approach to planning, implementing and maintaining water services. Furthermore,
it underscores the importance of demand and supply management; education, awareness
creation and stakeholder consultation; all this within an environment supported by
appropriate regulation and policy (Mitchell, 2006).

3.1.2 Levels of service (LOS)

The following section will clarify on what is meant by levels of service, which services are
included, and what are some of the current benefits and limitations of service provision.
The term ‘levels of service’ as employed here implicitly refers to the degree to which the
combination of services satisfies social, cultural and economic preferences taking into
consideration acceptability, accessibility and convenience.
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Firstly, the services accounted for include the three major water-related services, namely;
water supply, sanitation (including the disposal of wastewater) and drainage. In the case of
wastewater, the level and type of service often dictates under which category this will be
addressed; whether it is a sanitation issue or a drainage problem.

Although not directly related, a fourth service merits inclusion; solid waste
management. The issue of urban litter is one that is experienced in every city worldwide.
In developing countries, where urbanisation is leading to a growing consumerist movement
and the capacity for solid waste management continues to fall behind the growth level of
cities, evidence has been given to the term ‘pollution of poverty’. In response, practical
solutions have been put forth for the efficient management of urban litter. The ultimate aim
is the preservation of the environment, of which aquatic systems are of most concern to
this discussion. [IUWM is a vehicle through which the problem of urban litter can be
directly linked to the pollution of aquatic systems, so as to elicit parallel and efficient
responses towards the preservation of such environments.

The following Table (3.1) presents the five categories of service adopted in this
thesis, including the degree of accessibility and commodity offered.

Table 3.1: Levels of service

LOS 1 - Full supply - Conventional - Conventional - Frequent &
(in-house sewerage - SUDS reliable (weekly)
connection) - Simplified sewerage

- Alternate sewerage
i.e. vacuum sewerage

LOS2 - Roof tanks - Septic tanks - Conventional Regular (once
- Yard tanks - On-plot sanitation - SUDS every 2 weeks)
- Yard taps (improved)

LOS3 - SS1Ps - On-site communal - Greywater Infrequent
- Public tanker facilities (improved management (once
- Public standpipes | latrines) monthly)

LOS 4 - Communal - Bucket toilets - Informal drainage | Informal
standpipes collection
- Vendors (> 4 weeks)

- Kiosks
LOSS None None None None

3.1.3 Benefits and limitations of service provision

The achievement of sustainability in the context of developing countries demands that
social upliftment principles be prioritised. Towards this end, IUWM advocates far more
than integration, it proposes that the collective work for the individual and that the
individual gains work to benefit society as a whole. For example; water supply and the
provision of related services have direct and evident benefits for individuals, however on a
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large scale, improved individual health contributes to the preservation of society as this
decreases the probability of the outbreak of diseases such as cholera.

Economic benefits and environmental gains are less evident but no less important.
Improved health can translate to improved productivity, and this in turn can lead to
increased incomes and economic growth. Efficient provision of water can contribute to the
preservation of water resources and ecosystems, particularly in areas experiencing scarcity
or water stress. The adequate management and disposal of wastes, through the use of
appropriate sanitation and drainage methods, also contributes to the preservation of these
systems and the reduction of pollution.

It is however widely accepted, both in literature and amongst governments,
institutions and society that service provision in the developing world has continued to fall
short of current demands, not to mention the demands that are estimated for future
generations. This has compromised the well-being and development of millions
worldwide. Reemphasising the important role that water-related service provision plays in
the functioning of cities and recalling the potential benefits such challenges cannot go
unaddressed. First and foremost, this entails the consideration of social aspects of water
provision, which demand that there be faimess and equality in resource distribution. From
a less altruistic point of view, if one acknowledges the invaluable role that water plays in
the sustainability of societies, then failure in service provision becomes a problem and
challenge for all; rich or poor.

Returning to the context of developing countries, water related morbidity and
mortality rates continue to be unacceptably high, presenting challenges for socio-economic
development and contributing to the widening gap between the poor and the rich. The
problem evolves from one of social inequality to highlight limitations in political
leadership, economic growth and stability, infrastructure investments and inadequacies in
management.

Without denying the role of water as a public good, it is equally important to
acknowledge the costs imbedded in the delivery of water-related services, often requiring
large investments in infrastructure and management. Economic considerations are key
determinants of the levels of service to be provided, based on the ability of consumers to
pay for these services, and the need for cost recovery. This again raises significant
challenges, in particular for less developed countries where the majority of the population
subsists on very low incomes, if any, and cannot afford the tariffs imposed. In response
governments can, and have, addressed this challenge. An example of this would be the
adoption of basic and/or block tariffs which can ensure that those who cannot afford are
supplied with a minimum and those that consume far more than the stipulated minimum,
are duly charged. Such, and similar, strategies have been implemented in South Africa, and
the success of these initiatives in certain settings merits broader consideration.

The social and economic aspects are strongly interlinked, but do not work in
isolation. Achieving the necessary balance between ensuring the general well-being of
society whilst maintaining a level of economic stability, has not proven an easy task, as
evidenced by the failure to achieve cost-effective and extensive service provision in many
African cities. This weighting of priorities demands a high level of capacity from
governments to develop appropriate policies and guide development; and of institutions to
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put this into practice in an efficient and resource-wise manner. However it is often the case
that institutions are too small or too big, under-capacitated or under-resourced, too urban or
too rural to “effectively address sustainability and poverty concerns” (DPU, 2006).

The over-use of water resources is a consequence in itself. As populations and
societies grow, so does the demand for water, and this coupled with the polluting practices
of cities places a burden on existing freshwater resources. Both wastage and pollution of
resources bear significant costs: environmental costs due to the damage to ecosystems and
dependant species; social costs due to the degradation and loss of such environments; and
economic costs due to escalating investments for the mitigation and restoration of aquatic
systems.

The discussion has thus far highlighted that water services are essential for the
preservation of life and the maintenance of societies, but that in spite of this there is an
economic cost to provision which must be duly reflected. It has also pointed to the
inadequacies of governing and administrative institutions in ensuring that services are
delivered efficiently, highlighting the lack of resources as the main challenge; human,
financial and otherwise.

The question remains of how to prompt change and encourage improvements, and
in doing so, how to assess the state of service delivery? In part, this research proposes to
respond to this question by monitoring the performance and capacity of cities to be
sustainable. Progress however demands more than monitoring, it demands that targets and
goals be set against which improvements are measured. Due to their wider recognition and
acceptance, the Millennium Development Goals were explored and the table in Appendix
B illustrates the links between poverty eradication, water services and the MDGs (WHO &
UNICEEF, 2004). The table highlights potential benefits to health, productivity and wealth
as a result of improved water and sanitation provision. Issues such as gender equity and
vulnerability are also addressed, as are concerns for the environment and the preservation
of ecosystems. These will be reflected in the indicator developed, with the aim of
representing developmental agendas as well as pursuing local priorities.

In conclusion, it is important to stress that although efficient water supply and
service provision is essential for growth and progress in African countries, it is not
sufficient to ensure development in this area. This must be complemented by work in other
sectors and at different levels of society. It demands certain complementary inputs such as
active community participation, appropriate technologies and design, improved capacities
and most importantly, an overall willingness for change.

3.2 Theoretical framework and index model

Multidisciplinarity and integrated approaches have thus far been emphasised as the
vehicles which can enable coordination and action at the appropriate level to guide
sustainable development. This paradigm shift from the conventional and dogmatic single
discipline approach was not only central to this research, but its benefits have also been
evidenced both in literature and practice. An acceptance of this ideology demands the
establishment of priorities, goals and targets which can drive the developmental
movement. Towards this, the need for performance assessment and monitoring is evident,
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therefore tools which promote an understanding of sustainability and inform on the
progress towards sustainable development are required.

A study of urban water management issues exposed a number of links and loops
between the different parts of an urban water system. This complexity can at times render
such assessments impractical or unfeasible, particularly where cooperation across the
disciplines is lacking. To address this potential shortcoming, this research explored the
theme of multidisciplinarity embodied in the principles of systems theories, advocating
integration and cooperation across disciplines for better exposure of some of the links
within and between urban systems, its beneficiaries and supporting ecosystems. Integrated
Urban Water Management was interpreted as the tool which enables cross-linkages and the
application of this concept of multidisciplinarity, further enabling the integration of the
various physical, social, economic and environmental elements within the water sector and
across related sectors.

A requisite of any assessment is the identification of suitable tools for reporting on
the issue at hand, and the identification of methodologies for assessment. These can be
simple assessment criteria, performance indicators and/or conceptual models. Conceptual
models can often be complex and tend to involve a number of parameters for which
measurement is resource intensive. On the other hand, assessment criteria are largely
subject to qualitative assessments and fail to provide the numerical dimension needed and
desired. Indicators provide a compromise between these two approaches; on the one hand
they allow for both qualitative and quantitative assessments, and on the other hand —
depending on the number and incorporation of indicators — they can address the
complexities of reality which are sought by model representations. In short, well defined
indicators can facilitate the communication of sustainable development.

The literature review has highlighted what has and is being done with regard to
improving the understanding of complex and often abstract concepts of sustainability.
Furthermore it has demonstrated that not only the interest but also the work for
sustainability exists and has exemplified this through the discussion on some of the tools
developed for monitoring sustainability. Incorporating elements from theory and the
practical examples discussed, the following steps were used in the development of the SI
(Figure 3.2).

The methodology adopted was based on the five-level model by Lundin et al.
(2002), coupled with the step-wise methodology proposed by Nardo et al. (2005). The first
step was to build a solid backdrop to the indicator by exploring the theory on sustainability
and clearly defining goals and expectations. From this, it was then possible to substantiate
the index by identifying the underlying issues which had to be represented and measured.
Indicator selection is by nature a subjective exercise, influenced by the views of the
developers or other influential sources. It was therefore necessary to ensure that the process
of development was, above all, consistent, clear and logical. Secondly, in order to maintain
a measure of relevance it was necessary to recognise the views of others who have either
undertaken to do similar work or have experience in the fields of study, and practice
concerned.
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Having established the index structure, the index was then applied to two case studies. This
was done to help determine the methodical soundness of the index and establish the
usefulness of the tool, much in the same way as pilot projects introduce changes at a
manageable scale, without exhaustive resource outflows. It was also necessary to test
whether indicators selected were time and space-relevant and whether there was sufficient
quality data to inform these, as this is perhaps the biggest constraint to the use of
indicators.

As a check, the researcher established a pre-condition that applications of the index
should yield expected results. In other words, the results should not deviate considerably
from the observable facts for both case studies. Aside from this, it was necessary to test
whether the indicator could provide significant information on the capacity of a city to be
sustainable based on robust measures, both qualitative and quantitative, which can then
inform appropriate policy and provide direction for activities in the water sector. To this
end it was stipulated that results must be well represented so as to be easily interpreted and
support pertinent conclusions.

The final step was to communicate the findings to the target audiences, taking into
consideration two factors: firstly; audiences might not be familiar with the theoretical and
technical aspects of the process and therefore presentation of the tool must always be
simple and illustrative of the results it wishes to portray. The second point is that if the
indicator is to be applied (not simply interpreted) elsewhere, then mechanisms to facilitate
the use by others should be put in place. The complexity, time consuming and resource-
intensive nature of some indicator tools have certainly contributed to some misgivings and
a general disinterest for such assessment tools. To avoid this, the developer undertook
additional steps to improve the user interface feature of the index, by exploring an
alternative packaging tool to the basic Microsoft Excel Spreadsheet. Furthermore, it will be
stressed that although the SI is data-intensive, much of this information already exists and
was obtained for the two case studies in question.

The above steps are iterative, to be employed until plausible results and a
satisfactory product are obtained, but at the same time recognising the time and resource
constraints. These will be explored individually in the sections that follow.

3.2.1 Building the foundation for sustainability

In this section the conceptual underpinnings of the sustainability indicator will be
addressed, however before any such attempt to define the structure, it is necessary to
address two very important aspects of the process. Firstly, a clear understanding of
sustainability is required; an exploration of its dimensions as they relate to the topic at
hand; this will be termed the conceptual model. Secondly, a clear characterization of the
indicator must be provided, expressing the purpose and objectives of its development and
composition.

In answer to the first concern; there is no clear and unique definition of
sustainability in literature; there are however a number of definitions which articulate the
message that the term sustainability conveys or should convey, and these have already
been discussed.

Sustainability Index for Integrated Urban Water Management in Southern African Cities
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For the purpose of this research, sustainability was extrapolated from the triple bottom line
perspective; highlighting the social, environmental and economic dimensions; and yet
shortcomings of this model have demanded revision. For one, this definition fails to
account for the institutional dimension, which explores human interactions in an
environment governed by rules and regulations, cultural beliefs and societal values, and
which also provides the legal interpretation of ‘integrated management’ necessary for the
regulation of (inter)actions and the minimization of impacts. In favour of revising the triple
bottom line approach, Valentin & Spangenberg (2000) present a ‘Prism of Sustainability’
composed of the four dimensions of sustainability, namely: social, economic,
environmental and institutional. These are partially correlated with the four categories of
capital;, man-made, social, natural and human capital.

The institutional dimension in this case represents both political and administrative
aspects, however the political and administrative aspects contribute significantly to the
success or failure of integrated management, independently of one another, and as such
merit a categorical separation. This is strengthened by the context in which the indicator
will be applied. Corruption, poor representation and low levels of democracy are
commonly cited problems in almost any public (and private) sector in the cities of Africa.
On the whole, legislative and political support for development has been heavily criticized.
At the same time, understaffing, under-resourcing, the brain drain phenomenon and the
loss of institutional memory continue to be strong contributors to poor water management
in the public sector. While intrinsically linked, the two aspects present unique sets of
problems which must be tackled accordingly, hence the call for a separate and fifth
dimension of sustainability; the political dimension.

To address the second concern, the ensuing discussion will detail the
characterization of the indicator. As Bertrand-Krajewski ef al. (2000) appropriately point
out, a common misconception in assessment and measurement exercises lies in the
emphasis on “what is to be measured?” rather than answering the fundamental question;
“what do we want to know?”. The means of measurement will undoubtedly follow from
the problem identification. It was thus vital that the objectives and desired goals of this
research be clearly stated at the onset, in order to avoid the common pitfall of attempting to
assess too much and engage in lengthy and costly data collection and interpretation
exercises, which can ultimately lose relevance to complexity.

3.3 Indicator characterization
3.3.1 Redirecting the aim of research

In practical terms, the aim of this research was to assess whether urban water systems have
been able to consider and integrate the five dimensions of sustainability at both
management and strategy levels. This then required the integration of both spatial and
temporal considerations in the development and application of the indicator, and somewhat
strict boundary definitions. Following the line of reasoning presented by Bertrand-
Krajewski et al. (2000), there are common methodological problems which unless
addressed and surmounted will render any realistic attempts at assessing and monitoring
sustainable urban water management irrelevant. These are:
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Clear definition of research and operational objectives.
Concerted multidisciplinary measurements.

Quality of metrology

These are valid points which must be, and were, addressed in the process of defining and
developing indicators. Firstly to define the objectives of the research the following
questions were answered:

1.

Problem identification: What must be answered or what is the problem?

Based on the realisation that service provision in many African cities has fallen
considerably behind the demand, and in recognition of the significant social,
environmental and economic impacts, the researcher identified that the problem is
one of inappropriate management of resources. Furthermore it was established that
this failure in water management may very well be the result of poor integration and
the adoption of silo-type approaches in addressing what is otherwise a multi-
disciplinary and complex sector. The problem posed by this research is how to assess
and quantify the extent of such unsustainable practices in urban water management.

Stakeholder assessment: Who are the interested parties and who will benefit from the
indicator?

The tool was developed with the aim of informing political, social and legislative
entities, towards reinforcing social awareness and through such encourage political
and legislative change. The relevant parties identified are; government institutions,
management authorities and the public.

Problem definition: What must be measured in order to solve the problem?

The broader issue is a city’s or region’s incapacity to perform sustainably. In the
context of this research, problem definition demanded the assessment of the capacity
(or lack thereof) for sustainability, hence the need for a measurement tool which
assesses the capacity of a city to undertake sustainable management of urban waters.

Identifying constraints: What are the constraints or limitations to answering these
questions and solving the problem?

This entailed the identification and description of all possible limitations to the
research and how to overcome these given the resources available. Research
constraints and limitations were identified and are detailed in Chapter 6.

Boundary definition: How were the boundaries of the research defined? What were
the appropriate space and time scales and are these realistic?

Having understood the nature of the research and its limitations, it was then possible
to set reasonable temporal and spatial scales. The indicator structure will retain
flexibility to enable, when and where necessary, adjustments to the spatial and
temporal boundary definitions. Spatially, the indicator was limited to city-level
application. Application was undertaken for different case studies (Hermanus and
Maputo), to test applicability at different scales of development and growth. The time
dimension presented a greater challenge. Given the four months in which data was
collected, analysed and interpreted, it was not possible to track temporal progress.
This might in fact have been a futile exercise had it been attempted, because the
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action-response time periods tend to extend beyond a couple of months or even a
year. Consequently these time considerations must be accounted for when employing
the index for monitoring purposes. In this way the progress tracking characteristic of
the index can be tested.

To complement the principal aim of this research proposed in the introductory chapter and
partially answered by the above questions, categorical objectives were set out and will be
discussed. This approach of defining the underlying precepts of research and the desired
outcomes ties in closely with the Bellaglio Principles for development and assessment of
sustainability indicators (Walmsley et al., 2004). The 29 Bellaglio Principles provide a set
of criteria for the selection of indicators, in order to ensure that these are not only relevant
to the issues at hand but also relevant to the system for which they will be used. The first
principle underlines the need for a clear guiding vision, informed by the desired outcomes
and goals towards the achievement of sustainable development.

Selection of indicators through the 29 Bellaglio assessment principles is a
comprehensive exercise which is resource intensive; requiring both significantly greater
time and capital resources than is available at the level of this thesis. A less exhaustive
approach was employed here. Goals were established in line with the pillars of
sustainability established, and these are presented as follows:

Research objective: To undertake a well defined, methodical and multidisciplinary
approach to urban water systems assessment based on rational metrology and the
identification of ‘lacking’ areas of research.

Scientific/technical objectives:

e  Link the concept of sustainability and integrated water management, as well as apply
the dimensions of sustainability to urban water management.

e Introduce a quantitative measure of performance for [IUWM.

e  Apply the sustainability indicator to real case scenarios to validate model
assumptions.

® Improve the knowledge of IUWM in case study areas, identifying areas for
improvement, and where possible, make suggestions for improvement.

® Establish an initial database of the two case studies for future users.

° Introduce the notion of spatial benchmarking through indicator results; starting with
the two case study areas.

e  Emphasise the need for temporal progress-tracking and improved monitoring, linking
this with the indicator.

Social objectives:

e  Expose the issues in service provision and link these to urban water management,
especially drawing on the trade-offs between social and economic development.

® Create the awareness for sustainability concerns in urban water management.

Sustainability Index for Integrated Urban Water Management in Southern African Cities
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e  Highlight society’s contribution to both the problems associated with water
management as well as the poor responses to solving these problems.

® Promote a social consciousness to encourage change at this level but also to
capacitate society to drive change at the political and institutional level.

® Demonstrate the social impacts, mainly health and wealth related, associated with
water services, particularly for the poor.

Economic objectives:
e  Emphasise the role of water and its services in poverty alleviation.

® Highlight the links between improved management and the possible economic
gains/savings.

e  Emphasise the role of investments in infrastructure development and service
provision, in order to access the poorer income groups and hence contribute towards
poverty alleviation; reemphasising the current under-exploitation in this sector.

Environmental objectives:

° Introduce, in practice, the environmental sustainability dimension to urban water
management.

e  Track performance with regard to environmental impacts.

e  Underscore the current water scarcity and insecurity situation in much of developing
Africa.

Institutional and Political objectives:
e  Emphasise the role of government and institutions in urban water management.

o  Highlight laggards and leaders, both sectorally and across the different study areas
through indicator results.

® Correlate this work with similar initiatives undertaken by institutions involved in the
study or management of urban waters to enhance complementary use.

3.3.2 Multidisciplinarity and the systems approach to assessments

The concept of multidisciplinarity has been extensively discussed. Suffice to say that the
sustainable management of urban systems demands that different disciplines be brought
together and dealt with in an integrated manner. However this has often been difficult, not
only owing to the reluctance of the different discipline groups, but more importantly, as a
consequence of this lack of communication and coordination, data measurements often
follow different methodologies, have adopted different time and space scales, and are
represented in different units of measurement; consequently these cannot be compared and
merged. While these difficulties have been recognized and some attempts have been made
to establish commonality of assessment, this still means that any attempts at integration
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require a beginners’ approach whereby data needs to be collected or at least converted to
suit the particular tool.

In developing the sustainability index, components were used to represent the
different dimensions of sustainability. These five dimensions form the support structure of
the index and were termed indicator components. This in itself addresses the multi-
dimensional nature of urban systems but it still hides the various disciplines involved such
as; hydrology, sociology, ecology, geology, meteorology, anthropology, economics and
applied engineering. These were represented by the different indicators and variables
employed. The holistic approach taken here proposes to address the dimensions of
sustainability as they apply to the ‘business’ of managing all urban water aspects rather
than the single service performance assessment, as suggested by some.

3.3.2.1 Linking the components of sustainability

It is not sufficient to identify the dimensions of sustainability and set indicators for these
five dimensions; these alone “are only expressing some of the necessary preconditions to
maintain the self-reproduction cycles of the (five) interlinked subsystems, without giving
any information on the character and effect of the linkages” (Valentin & Spangenberg,
2000). In order to render the sustainability index commensurate and operable it was
necessary to go a step further and through indicator selection interpret the interlinkages
between the five dimensions of sustainability. The following examples illustrate where
these linkages can be drawn:

o  The indicator “water use”, alternatively “users of water”, gives an indication of the
distribution of the resource for the various competing needs, which is ultimately
limited by the capacity of supporting environmental systems. Yet at the same time it
provides an idea of the equity of distribution to the various users. This links the social
and environmental dimensions.

® The indicator “levels of service (LOS)” shows links with the ability of users to pay
for those services, however it addresses far more than the economic dimension, going
to the core of the Dublin principles to address the human and social rights of
individuals to have access to basic services. Furthermore, the indicator illustrates the
link with the environmental dimension as a result of the impacts related to poor
service delivery on resources such as groundwater, soil and surface water systems. It
also links in with the institutional and political spheres through the capacity needed to
provide adequate and differentiated levels of service as well as the policy
environment necessary to support such activities.

The list of examples is as diverse as the number of links between the dimensions of
sustainability. The discussion on the urban water cycle serves to illustrate some of the
overarching links, and this idea of interlinkages has been embedded in the selection of
indicators.
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3.3.3 Addressing the metrological dimension of assessments

Metrology is the science of measurement, and it involves the characterization,
understanding and communication of units of measurement (Wikipedia, 2007b). The need
to address metrology is strengthened by two main concerns; firstly, the combined use of
data presented in different units; and secondly, the issue of accuracy and reliability of data,
what is termed traceability. Traceability refers to the ability to relate measurements or
values to referred sources, and for which uncertainties are stated. An integral part of
traceability is therefore the determination of uncertainty (Wikipedia, 2007b). Both issues
are of concern here due to the limited, and at times questionable, data used.

Commensurability of data will be significantly relevant in both selecting variables
and calculating the final index, and this will be addressed in more detail in Chapter 4. In
order for the indicator to be relevant it must reflect real conditions, and for this to be true,
data must be both reliable — obtained from dependable sources — and uphold a certain
standard of accuracy, given an internationally accepted margin of error. These conditions
will be pursued when acquiring and selecting information for use.

With regard to uncertainty, this research has endeavoured to use sources which are
both reputable and frequently referenced. However, data was limited in the case study
areas and as a result qualitative assessments as well as less ‘accurate/reliable’ data were
used. Although an important aspect of assessment, the execution of field studies and direct
data collection were not direct goals of this research. This was nonetheless undertaken
where necessary towards building a more reliable database. A major limitation was that
some data simply does not exist, and alternate methods of attributing variable values were
required. Mention is made where this is the case.

3.4 Indicator selection

This indicator development initiative is part of a broader research thrust and an appreciable
amount of work had already been done by Stoeckigt (2006) and Snoek (2006). Taking that
into consideration the indicator selection process was guided by the following steps:

1. Review of existing indices to identify suitable indicators and variables. Where
applicable indicators were introduced or removed, resulting in a revised indicator
structure.

2. Development of selection criteria to compare the research objectives to the revised
indicator structure. Checks were performed for each indicator as will be discussed in
Section 3.4.1. A precondition was established to ensure that indicators were
compliant with a minimum set of criteria.

3.  Comparison of indicators selected thus far with those provided by the World Water
Assessment Programme (WWAP) for South Africa. WWARP is the vehicle through
which feedback on the progress of sustainable water development goals and targets
can be achieved. Such targets are discussed and set by World Water Forum (WWF)
member countries and this initiative is supported by the UN. This was aimed at
linking this work and the SI with internationally recognised initiatives.
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4. Comparative analysis with relevant local (for South Africa and Mozambique)
monitoring initiatives, emphasising the need for local relevance and support for
indicators.

5.  Preliminary consultative approach during data collection, which enabled not only
acquirement of data but also an exchange of views regarding the indicator
framework, furthermore it enabled discussions on the issues relevant to both case
settings.

This phase of indicator validation and alteration was essential. While time constraints
limited the degree of consultation undertaken, it was necessary and possible to engage with
stakeholders, albeit to a small extent. Further consultative and participatory work is
required to make relevant and more widely acceptable decisions regarding the index.

3.4.1 Indicator selection criteria

Donnelly et al. (2007), provide a comparison of different sets of criteria used for indicator
selection, with the aim of developing a set of criteria for selecting environmental indicators
for use in strategic environmental assessment. A similar approach was used here, taking
the summary of criteria presented by Donnelly et al. (2007), and selecting criteria most
relevant to the needs of this research. Table 3.2 summarises the set of criteria adopted in
the development of the sustainability indicator. This was coupled with input from various
professionals in the institutions involved in water management both in Mozambique and in
South Africa, as well as academics and experts in the field of urban water management.

The selection criteria were then compared to the revised indicator structure in a
matrix presented in Appendix C. Indicators were assigned a score of 1 if in compliance
with the criteria and 0 if not. The scores were summed up horizontally and the total used to
determine whether the index merited an inclusion or not. A minimum compliance of 8 out
of the 12 criteria was demanded, unless the indicator was extremely relevant to the overall
structure of the index. If possible indicators and variables were altered and as a proviso
were again compared with the selection criteria.

Ultimately, all indicators satisfied the 8 out of 12 compliance stipulation, granted
that some were adjusted to ensure this. This then enabled the formulation of the index and
its sub-components. Subsequent to this comparisons were carried out with the WWAP
indicator set and the key focus areas for development in the water sector in South Africa.
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Table 3.2: Criteria for guiding indicator selection (Donnelly et al., 2007)

i

1. Policy relevant and
meaningful

This signifies an alignment with existing legislation, policy

imperatives and in support of the sustainable development vision.

2. Scientifically
(methodology and metrology)

The indicator should support the underpinning principles of
sustainability (rational thought process) and must in itself be supported
by a technically sound approach to data collection as well as logical
methodological assessments.

3. Goal Oriented: Representative

of real conditions and desired
outcomes (Multidisciplinarity)

The index must assess progress towards the ultimate goal of
sustainable development by establishing progress towards targets and
the achievement of objectives. The indicator must be both spatially and
temporally relevant, addressing the concerns of the area in question.
Furthermore it must relate to real and relevant goals.

4. Understandable, easily
represented and interpreted

Given the complexity and multidisciplinary of the subject at hand and
the systems approach taken, it is important to maintain clarity not only
for parties linked with the process of developing and using the
indicator, but more importantly for those using this tool in decision-
making. The indicator must be able to communicate the necessary
information to all relevant stakeholders in a transparent and concise
manner.

5. Show trends over time and
responsive to change

The acceptance that sustainability is not a fixed goal but that rather it is
strongly linked to the dynamism and transformations in society leads to
the need to be reactive to those changes. For such, the indicator must
be responsive to changes but still maintain the aspect of measurability
towards the targets set.

6. Based on reliable and
available or easily obtainable
data (both quantitative and
qualitative)

Information gaps, data availability and reliability are often limiting
factors in any assessment, this is more so in African countries, and
specifically with regards to some of the dimensions here addressed i.e.
ecological data. The level of data gathering, processing and storing
required for in-depth assessments is often incompatible with the
realities of many institutions, where resources are scarce. It is
necessary therefore to base indicator selection on those aspects for
which data has been collected or can be easily done, not withstanding
the need for reliable data.

7. Enables benchmarking or
Cross-comparisons

A key outcome of this research is to create awareness for sustainability

concerns and the need for measurement and monitoring.
Benchmarking can be a strong tool in this regard, particularly when it
shows the laggards and leaders in a particular sector. Indicators
selected must enable cross-comparisons, in other words these must be

relevant to the different contexts in which they might be employed.

8. Cover (where possible) a
range of issues (Interlinkages)

There are countless indicators which can be used for measuring
sustainability and sustainable development but ultimately a selection
must be made. This trade off between simplicity and relevance can be
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largely overcome through the selection of indicators which inform on a
number of issues, extending beyond what is directly being measured.

9, Adaptable/flexible Given that priorities and issues vary both temporally and spatially, it is
(substitutable and upgradable) vital to maintain flexibility, not only regarding the indicators selected
but the overall framework of the SI Indicators must therefore be
flexible to revisions and alterations.

10. Complement existing Given that many institutions and organisations (in Africa) are
monitoring and management understaffed and overloaded with work, any attempt at avoiding
initiatives duplication of work is crucial. Indicator selection and SI development

must therefore align with existing work.

11. Literature review and group | Indicator selection was also informed by an extensive literature review
effort process which highlighted common indicators for assessment of
sustainable development. A second significant source was the work
done by Stoeckigt (2006) who initiated the work into the development
of the SI.

12. Stakeholder input Although the consultation process was limited, it enabled short
discussions with a variety of stakeholders into the validity of certain

pre-selected indicators. In some instances this served to reinforce the

case for already selected indicators, or introduce new ones.

3.4.2 Indicator correlation with WWAP indicator issues

Following on the criteria-based screening process, a comparison with the 164 indicators,
grouped under 11 challenge areas, proposed by WWAP was conducted. From this it was
possible to establish any correlation between the SI and the WWAP, and where useful
import, remove or revise indicators (Walmsley et al., 2004).

The table in Appendix D illustrates the comparison between both sets of indicators,
providing an assessment of the association between both, based on the judgement of
whether there is: high, medium, poor or no correlation. It shows the indicator number in
the SI structure which is closely linked to the WWARP set, therefore this table must be used
in conjunction with the final revised indicator table presented at the end of this chapter.

Considering that the WWAP indicator issues are grouped under 11 challenge areas
(see Table 3.3), a short discussion on the relevance of these challenge areas to the Urban
Water Management sector will follow. It is important to note that while this exercise
motivates the inclusion and exclusion of certain indicators, it is nonetheless subjective to
the opinions of the researcher. A wide and inclusive consultative approach would enable
more reliable and relevant comparisons.

The comparison carried out highlighted three important findings. The first and most
immediate observation was that there is a high correlation between the indicators
prioritised in this research and those introduced by the WWAP. The second observation
supports the first, where it is observed that not all WWAP indicator issues find resonance
in the SI. Going down the list of WWAP indicator issues it was possible to establish that
several indicators monitor the same or similar aspects of water management. In the

Sustainability Index for Integrated Urban Water Management in Southern African Cities
Chapter 3: Development of the index



3-19

development of the sustainability index, this was avoided and in fact a further step was
taken to select variables which could be representative of multiple issues and hence
avoided repetition (selection criteria 8). Thirdly, this exercise permitted the detection of
key/challenge areas for this project based on the WWAP challenge areas. It was
immediately apparent that WWAP challenge areas 1, 5, 6, 7 and 11 are highly relevant to
the sustainability index, as indicated in the following table. This was to be expected given
that the challenge areas fall in line with 4 out of the 5 dimensions of sustainability explored
in this thesis. The following table provides a summary of the WWAP challenge areas and it
illustrates the correlation of these to the pillars of sustainability.

Table 3.3: Linking sustainability to the WW AP challenge areas (Walmsley ez al., 2004)

1. Meeting basic needs Social

2. Securing food supply Social

3. Protecting ecosystems Environmental

4. Sharing water resource Social

5. Managing risks Social and Institutional
6. Valuing water Economic

7. Governing water wisely Political

8. Water for industry Social and Environmental
9. Water for energy -

10. Ensuring the knowledge base Social and Institutional
11. Water and cities Social

Challenge area 11 addresses the urban dimension, which is central to this project and as
such the underlying indicator issues feature prominently in the SI. The environmental
dimension is addressed both in the sustainability index and in the WWAP challenge areas;
however the correlation between both sets of indicators is low due to use of different
monitoring variables. This does not reduce the significance of this facet of sustainability; it
simply illustrates subjectivity of analysis and a preference for different indicators.
Ultimately there are countless indicators which can be used.

The challenge areas showing least correlation are; securing food supply (WWAP
Challenge area 2) and water for energy (WWAP Challenge area 9). Again this observation
is not unexpected. In the urban context for which the SI was developed, both agriculture
and energy generation are not prioritised, except where they impact on the socio-economic
performance of cities. This is not to say that these are not significant, but that they do not
take precedence over issues such as service provision, and are not as consequential as other
uses, in the urban context. The WWAP indicator list is not sufficiently descriptive of the
meaning and purpose of the indicators. This lack of clarity contributes to the subjectivity of
this evaluation.
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3.4.3 Evaluation of local level monitoring initiatives: South Africa’s

Key Focus Areas (KFAs)

The following 15 key focus areas (KFA) identified by the National Water Resources
Strategy focus on addressing the principles embodied in two important pieces of
legislation; namely, the National Water Act (No. 36 of 1998) and the Water Services Act
(No. 108 of 1997) (Walmsley et al., 2004). Through DWAF (Department of Water Affairs
and Forestry) programmes and projects, this strategy provides the vehicle for
implementation of national objectives towards developments in the water sector (Walmsley
et al., 2004).

KFA 1: Ensure the sustainable development and management of plantation forestry
to optimize equitable economic benefit, particularly in rural areas.

KFA 2: Ensure the sustainable development and management of indigenous forests to
optimize their social, economic and environmental benefits.

KFA 3: Ensure Sustainable Forest Management (SFM) in South Africa by
developing effective oversight of the sector and facilitating cooperative government.

KFA 4: Promote sustainable forest management in Africa and internationally.

KFA 5: Ensure that communities and disadvantaged groups are empowered to make
use of trees and forest resources to support sustainable livelihoods.

KFA 6: Ensure reliable and equitable supply of water for sustainable economic and
social development including the eradication of poverty.

KFA 7: Ensure the protection of water resources.
KFA 8: Develop effective water management institutions.

KFA 9: Align staff, stakeholders and the general public to a common vision for
Integrated Water Resources Management (IWRM) and develop, capacitate and
empower them in related best practices.

KFA 10: Ensure provision of basic Water Supply and Sanitation for improved quality
of life and poverty alleviation.

KFA 11: Ensure effective and sustainable delivery of water services to underpin
economic and social development.

KFA 12: Ensure effective Water Services Institutions.

KFA 13: Ensure effective local-level operations and management of DWAF water
services schemes.

KFA 14: Promote and support sound policy and practice of Water Services to achieve
millennium targets in Africa.

KFA 15: Promote IWRM in Africa in support of NEPAD.

In the context of urban environments and addressing the concept of sustainability from the
five-dimensional point view, it was possible to establish the relevant KFAs for this project.
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Focus areas 6 to 15 resonated strongly with the assessment priorities of this study. The
remainder 1-5 KFAs promote improvements in the management of forests, a topic
significantly removed from the current discussions. This nonetheless indicated that the SI
does have good correlation with local priorities, and as such is representative of relevant
and current issues.

3.4.4 Risk awareness

For the sake of completeness and in the interest of relating the work being done on
sustainability indices to the work on complementary risk indicators undertaken by Snoek
(2006), a brief comparison with risk and vulnerability priority areas was also conducted.

The literature review introduced the concept of risk and its relationship to
vulnerability and sustainability. Five categories of risk were presented and those will be
used here to establish a concrete link between vulnerability and sustainability (see Table
3.4). Table 3.4 highlights the correlation between potential risk factors and measures of
sustainability in urban water systems. It also establishes the relevance of such measures to
the development of a sustainability index. Most noteworthy are water quality concerns
such as the management of wastewaters and the preservation of ecosystems through
appropriate design and management. This is due to the current water polluting practices in
developing countries, as well as the incapacity to introduce management, monitoring and
mitigation initiatives which can reduce the levels of ‘pollution of poverty’.

3.4.5 Addressing the need for stakeholder participation

Indicator development is inherently a subjective exercise; consequently it may only be
representative of the opinions of a few. However it is important that the indicator is widely
applicable and broadly acceptable. There is inevitably disagreement as to what
assumptions, ideology and methodology should be employed. The continual progress in
the field of indicator development does not permit a static approach but rather encourages a
constant debate on the subject. While there are many scientific approaches to aid in
decision-making, these do not lose much of the subjectivity but rather serve to test some of
the assumptions made. One in fact questions whether subjectivity is a problem, seeing as
solutions need to be place and time relevant and must cater to the needs of those employing
them. The issue lies in poor decision-making, when it is limited to the opinions and
decisions of few but which will impact the lives of many. It is for this reason, amongst
others, that stakeholder input, public consultation and involvement is strongly advised. In
the process of developing the SI, several institutions were consulted, both in South Africa
and in Mozambique. However given the time limitations it was not possible to undertake
the level of team work and stakeholder participation often recommended for the
development of indicators.
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Table 3.4: Identification of risk and vulnerability for sustainability assessments

1. Divergent supply and
demand levels

- Access to water supply
- Level Of Service
- Capacity to pay for services

This addresses the issue

of inequitable resource
distribution which is
particular to urban areas.
And it also addressed the
socio-economic aspects of
service delivery.

2. Water quality concerns

- Access to water supply
-Wastewater management (quantity and

quality)
- Stormwater management (quantity and

quality)

- Compatibility of water systems with the
surrounding environment

- Compatibility of sanitation systems with
the surrounding environment

- Environmental stresses

In view of ‘dwindling’
quality resources, it is
important to mitigate
some of the impacts of the
‘pollution of poverty’
phenomenon
characteristic of
underdeveloped countries.
Adequate management of
urban waters; quality and
quantity can address this.

3. Competing water uses

Use (categorical users of resources)

There must be a balance
between all the users of
water, inline with the
development priorities in
context.

4, Infrastructure failure

Investment levels
Institutional and technical capacity

This involves not only the
physical aspects of
ensuring continuity and
function but also the
necessary financial and
human resources to
manage and maintain
infrastructure,

5. Effects of climate
change and resulting
hydro-meteorological
disasters

Susceptibility to disasters

The devastating impacts
of recent natural disasters
have threatened the
sustainability of cities
worldwide. Due
consideration of these
must be given in strategic

planning.
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3.5 Sustainability Index framework

The reviewed and revised indicator is detailed in Table 3.5. Given that much has already
been said on this and that the table is sufficiently descriptive, it will stand as the final
presentation and summary of the index. The multivariate analysis, step 3 of the process
model adopted and illustrated in Figure 3.2, was then conducted.

3.5.1 Multivariate analysis

This chapter concludes with the verification of some of the assumptions made regarding
the process and achievement of the index. There has been an increasing dedication to
indicator development in recent times, but whilst the numbers have been significant, the
validity and quality of some indicators remains questionable. For lack of concrete guidance
as to indicator development, some indices have been based on randomly selected criteria
and indicators, extremely subjective assumptions and at times illogical foundations. It is
not surprising then, that both the concept and the tools themselves have received
unrelenting criticism. For this reason Nardo et al. (2005) provide indicator developers
with a detailed sequence of steps designed to improve not only the underlying indicator
structure (inputs), but also the data on which the indicator is based and the outputs (results)
which propose to inform and guide decision-makers.

Step 3 of the SI development process entails indicator verification thorough the
assessment of the indicator structure and the arguments for indicator selection. Moreover
this step involves the verification of the appropriateness of data along various levels of
measurement such as at sub-indicator and/or variable level. This is addressed through
multivariate analysis.

As discussed in the literature review, there are a number of statistical analysis
methods which can be employed to perform multivariate analysis of composite indicators;
however these were not pursued here for various reasons. The biggest restriction was due
to the limited number of indicator applications undertaken. A single application to each of
the two case studies was performed, with upgrades done with improvements in data
availability. From the brief and somewhat superficial research into the topic of statistical
analysis — relevant models and methodologies — it was possible to discern that most
approaches require multiple cases with significantly more data, in order to perform such an
analysis. Some of the methods go so far as to stipulate a minimum number of cases i.e.
both PCA and FA adhere to rules of thumb such as the rule of 10 (a minimum of 10 cases
are required for each variable) or the rule of 100, and so on. Another example is that of
cluster analysis, which proposes the grouping of objects such as study areas, species or
individuals which share similarities (Nardo et al., 2005). It was not however possible to
perform cluster analysis and draw significant conclusions for only two case studies, and
very different ones at that.

The second deterrent related to the time and resource limitations, which prohibited
an in-depth exploration and application of such methodologies as PCA (Principal
Component Analysis) and FA (Factor Analysis). Statistical analysis is an important aspect
of validating the indicators developed; however in the context of this research it
represented a small component of the overall research objectives. For the purposes of this
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research, the concept of multivariate analysis served as a check for certain conditions
through the following steps:

e  Revision of theoretical framework and verification of conceptual indicator structure;
checking for indicator relevance to the two case studies as well as to the broader
environment for which the indicator is being developed, i.e. southern African cities.

e  Determining the soundness of sub-indicator and variable selection processes i.e.
indicator selection criteria and comparative analysis.

e  Identification of ‘groups’ of variables sharing similarities and estimation of the
degree of relevance given the possibility of duplication.

The above checks were completed prior to finalising the indicator structure provided in
Table 3.5, and where necessary variables and sub-indicators were eliminated, added or
restructured. Future research and refinement of the index will undoubtedly demand more
extensive application of the index, and this will enable the use of multivariate analysis
methods such as PCA, FA and Cluster Analysis. This is strongly recommended in order to
verify the analytical integrity of the indicator and where weaknesses are detected,
undertake or recommend further improvements.

As indicated in Table 3.5, the final indicator structure is composed of: 64 variables,
where necessary these are broken down into smaller units of measurement; 20 sub-
indicators; and 5 component categories. This illustrates to a large extent the complexity of
composite indices which explore various fields of study in order to be representative of
reality. Complexity is therefore required, however complications are not, and the inclusion
of so many variables and sub-indicators begs the question of how practical the indicator is.

It has been acknowledged thus far that lack of resources and poor capacity are some
of the limiting factors of development in the South, and yet this research proposes the use
of a complex and somewhat lengthy indicator, demanding the collection of information on
64 variables. The developer recognises that this is a possible drawback, and once again
makes clear that by no means is this a final product, rather it is an entry-point exploration
of what can and might be included in the assessment of sustainability. As such, the
indicator will be refined in future, and in all probability, downsized. That said, despite the
constraints, it was nonetheless possible to collect data for most of the variables in the four
months of data acquisition. It should therefore be possible for the targeted decisions-
makers (at policy level) and action-takers (at implementation level), most of whom have
this data and/or the contacts through which they can access it, to make valuable use of the
index.
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4. Building the index

4.1 Data selection: sources, reliability and dealing with
missing data

The issue of data availability and quality is often a big deterrent to the use of indicators. It
is thus important to approach data collection with caution. Ideally, the user should have
easy access to reliable, quality data which is not only complete but frequently and
consistently updated and made available. However too often this is not the case, especially
when one requires extensive information covering a range of topics, which is the case of
this composite indicator. In the context of the two case studies, obtaining any data, much
less accurate and reliable data was a difficult undertaking. In the South African context,
this was facilitated to a large extent by the size of the case study, Hermanus being
relatively small, and the efficiency of management. There were however issues of poor
cooperation and communication with municipality officials which led to delays in the
refinement of the index results.

In Maputo, the process was more time-consuming, and lengthy waits did not always
culminate with the acquirement of data or any indication as to where or if it exists. Poor
cooperation, poor knowledge and awareness of data, complex and at times unnecessary
bureaucratic processes, a high level of ‘data confidentiality’, outdated or incomplete
reports, and at times dubious sources of data were the main contributors to the
incompleteness and incoherence of the data-set for Maputo. Consequently, it became
apparent that a process of data procurement and selection was required. The following 5-
step approach was developed to guide the researcher and future users of the sustainability
indicator through the process of establishing and employing appropriate data for the
underlying variables. The following addresses the raw data requirements prior to
normalisation and standardisation.

Step-wise data acquisition process:

1.  Establish credentials (reliability and credibility of source) of potential data sources
and/or producers of data.

2. Obtain and screen data sources for reliable, quality data.

3.  Where insufficient original data exists, employ data imputation techniques to ‘fill in
the blanks’.

4.,  Where imputation is not possible, make informed guess estimates based on expert
input and personal experience.

5. If steps 2-4 fail, then attribute a 0 score for the particular case or eliminate the
variable from the index.

A more in-depth exploration of the above steps reveals the results of this process:
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Step 1: Establish credentials

Given that urban water management and urban service provision is often the responsibility
of municipalities and government institutions, establishing credentials on potential data
sources or producers of data involved first establishing contact with these authorities.
These were then able to indicate additional reliable sources in the various fields concerned.

The Overstrand Municipality, previously the Hermanus municipality, is currently
the main service provider and water management institution for Hermanus; however
various engineering consulting firms undertake exploration and investigation studies on its
behalf. A first consultation with officials at the Overstrand municipality was sufficient to
secure support for this initiative and the list of consultants was readily provided. A
comprehensive list of data sources and the documentation obtained for both case studies is
given in Appendices E and F.

In the Maputo context, time was of the essence as the researcher had less than three
weeks to establish contact and obtain data, therefore contacts were made simultaneously
with the following institutions: Municipality of Maputo (CMM), National Water
Directorate, AdeM (the water service provider), and FIPAG. This was also due to the fact
that the municipality is only partially responsible for the provision of services and
management of resources; water management is shared by a number of institutions, of
which the above constitute the key role-players. From these sources, secondary and tertiary
parties were indicated and contacted. In addition to the list of contacts and summarised
documentation provided in Appendices E and F, Appendix G presents summarised notes of
the discussions with various stakeholders, where these were deemed relevant.

Step 2: Data acquisition and screening process

The second step involved consultation with the above organisations to facilitate the
information sharing process. Given the time limitations, data gathering was conducted
speedily, often neglecting any detailed scrutiny of the actual data. This proved both
beneficial and prejudicial; beneficial because as much data as possible was gathered, often
more detailed than required; and prejudicial because considerable time was spent locating
and duplicating data sources which were ultimately not used in the indicator application.

For Maputo, the greater part of three weeks was spent locating sources of
information, at times to no avail. There were several cases where data was referred to but
the relevant organisations lacked the actual reports and documentation, consequently use
was made of ‘old’ and at times outdated information.

In order to determine which data complied with the necessary requirements, a
screening process was carried out inline with the following dimensions of quality,
discussed by Nardo et al. (2005):

Relevance refers to the degree to which the data fulfils its intended purpose.
b.  Accuracy reflects the degree to which the data approximates ‘real’ values.

¢.  Reliability/credibility is based on the source or producer of data and whether this
source is either officially accredited or internationally recognised.
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d.  Timeliness addresses the time lapse between the time of measurement or the time
between the event and the time the data is made available.

e.  Accessibility refers to the ease of access and the appropriateness of the form of
dissemination, evaluating primarily whether data is easily accessible to the audiences
it targets, and secondly whether it is accessible to the general public.

f.  Interpretability reflects the ease of understanding for users so as to enable them to
make appropriate use of the data.

g.  Coherence and clarity reveals the degree of logic and consistency in data products so
as to provide clarity of use. Moreover the same information must have the same
meaning, independent of where it is displayed, otherwise the differences must be
clearly indicated.

The majority of data on Hermanus proved to be reliable on almost all of the above
dimensions, with the exception of interpretability and the timeliness factors which were at
times lacking. For example; there has been no update of the Water Services Development
Plan (WSDP) for Hermanus since the 2003 report; however personal communication with
the municipality has indicated that there are plans in motion for a tender proposal in the
near future.

In the case of Maputo, the overall credibility of sources was assured, however for
different variables the data failed to comply with one or more of the remaining dimensions
of quality. The problem with interpretability arose mainly with regard to some internal
documents such as AdeM’s annual reports which failed to be clear on certain technical and
financial aspects. This is understandable, given that the documentation was produced for
internal use, but it nonetheless precluded the use of certain data.

Coherence and clarity proved to be one of the biggest challenges because urban
water management responsibilities in Maputo fall to various organisations, some of which
are neither governmental nor public. Coordination and information exchange has become a
strenuous and time-consuming activity, one that is too often disregarded or neglected.
Where data was obtained from multiple sources, it was found that results could be
incompatible or contradictory. For example; reports by FIPAG, AdeM and the
municipality indicated different service coverage levels, granted that the publishing dates
varied somewhat. Given the relatively good credibility of all three sources, it was difficult
to single out one source and at times it was necessary to use them in combination or make
simple judgement calls as to which was more appropriate.

It was also difficult to reconcile aspects such as investment levels, as many
organisations are currently investing in this arena and at times with little or no consultation
with the remaining stakeholders. Determining institutional capacity levels also proved a
challenge, mainly due to the multiplicity of activity and the lack of reporting on the part of
some organisations.

Finally, it was observed that there is a big problem with consistency and timeliness
of data up-dates. The national survey for Mozambique is conducted on a 10 year cycle, the
last having been conducted in 1997 and the next is to be conducted towards the end of
2007, the results of which will be published the following year.
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The results of the 1997 survey are undoubtedly outdated. Factors such as population
numbers have certainly changed and therefore were deemed unusable. To account for this
gap in data, projections were used based on observed growth rates, acknowledging
however that these are ‘refined guesses’ at best. Water resource studies were also
significantly outdated; most documentation obtained having been produced in the late
1980s. Some of the reports used referred to complementary or prospective studies which
might have provided more up-to-date information, however upon request these were not
available, either having been lost or misplaced.

Step 3: Dealing with missing data

Significant data gaps were encountered and it was not possible to obtain sufficient data to
inform all variables. Where data was missing or where the available data failed to directly
answer the questions posed by the indicator, one of two options were chosen. Firstly, if
data was available but did not directly answer the questions posed by the sub-indicators
then variables were either re-worded or proxies were used. In cases where data was
completely missing, it was necessary to devise a means of ‘filling the gap’.

There are numerous methodologies for imputing data, some more complex than
others, and although in theory the literature has permitted a brief exploration of some of the
techniques, in the interest of simplicity and brevity statistical modelling techniques were
not pursued but rather the following simple and logical means of imputation were
investigated, (Nardo et al., 2005):

e  Hot deck imputation: this involves the use of data from similar units or cases to fill in
the blanks in the cases where data is missing. For example; if Case A shared
significant similarities to Case B, such as similar economic status, then it was
possible to use the information on Case B to fill the gap in Case A, i.e. given similar
economic conditions the capacity for service payment was also assumed to be
similar. This was not directly employed in the two applications of the SI because
Hermanus and Maputo do not share sufficient similarities to draw comparisons and
import data, however it may very well be used in other more suited applications.

® Direct substitution requires a direct replacement of one unit or case with another,
where sufficient information for the alternative unit or case exists. Although not in
the exact sense as described in literature, this technique was employed when
considering multiple sets of data, displaying conflicting results. Decisions were made
as to which source would provide the best estimation of reality and in this context
substitutions were used to test assumptions. This method was initially considered for
index applications at the neighbourhood-level; however this option was disregarded
for lack of sufficient and compatible data at this level of assessment.

° Cold deck imputation enables the developer to substitute the missing value with that
provided by an external source. As a result of the diverse nature of the information
required and the limitations to data acquirement, all data obtained was considered
‘internal’ to the research, therefore cold deck imputation was not directly employed.
This approach becomes valid when the study is restricted to specific sources of
information such as survey studies, census’ and sampling for example. In that case,
additional sources would be considered ‘external’ to the research.
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One must exercise caution when using the above methods. Upon concluding imputations,
there is a risk of assuming that the dataset was complete and forgetting that certain implicit
assumptions were made which if not addressed can undermine the robustness of the
indicator. More formal statistical models such as regression imputation, unconditional
mean/median/mode imputation and the Markov Chain Monte Carlo (MCMC), can provide
greater assurance of imputation effectiveness. However as stated before they require a
higher number of case applications to enable data imputation and therefore could not be
used here.

On a final note, single imputation approaches are more than adequate for this first
phase development and application of the Sustainability Index. The suggestion is that when
wider application of the indicator is undertaken, addressing a greater sample size, more
complex imputation methods be explored to provide better estimations of data variance.

Step 4: Making informed guesses

Where extensive data gaps occurred, which could neither be substituted nor inferred, the
subsequent step was to consult the views of experts in the field. This was done either
through an extensive review of the literature or through consultation with officials and
experts working in the two case study areas. Equally important at this stage, were the
observations and personal judgment of the Urban Water Group working on this project.
Despite the possible subjectivity of this option, it was deemed useful given that there is
considerable knowledge both within the group as well from the researcher, who has done
investigative work in Maputo prior to this, and is also native to the city and as such was
able to share some insights.

Step 5: Exclusion of variables or zeroing variable scores

The final step considered either a complete elimination of the variable from the index
structure or an attribution of a 0 score to the particular case lacking information on the
variable. Given that the indicator was designed to suit the countries in question and address
the problems in southern Africa in particular, it is not a question of whether the indicator is
appropriate but rather it is dependant on the data available. Whilst it is not desirable to
undermine the overall index by eliminating variables, this remained a possibility where
data requirements were not met. This would reduce the bias for or against the case study
with or without data for that particular indicator.

The option whether to exclude a variable or attribute a zero score should be done on
-a case study basis and on a variable-to-variable basis, simply because the overall
importance of variables varies depending on their relevance to the setting and their
importance within the general index structure. Ultimately, it was decided that the indicator
structure would remain unaltered as it was shown in Chapter 3, Table 3.5. To address the
issue of missing data the researcher reverted to the previous step (step 4). This is in no way
a reflection of the inflexibility of the index. Given the limited time, it was viewed as a
limitation in the data collection process rather than the product itself, at this preliminary
phase of applications.
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Contrary to what some developers have proposed, this index is not limited to the
assessment of inputs, or throughputs, or outputs singly. Nardo et al. for example, have
suggested that in the interest of precision and transparency, developers employ either one
or another category. Their argument being that these do not measure the same aspects and
consequently cannot be grouped. This does not have to be the case because; firstly, any
need for clarity can be easily satisfied by a well introduced and justified indicator, where
the purpose of development is well stated; aim, objectives, goals and applicability.
Secondly, it has been duly stressed throughout this thesis that an assessment of
sustainability requires a broad view of the system, encompassing all its parts. Therefore,
following this line of reasoning one can conclude that the inclusion or exclusion of
categories of indicators is largely dependant on what is to be measured and what this
entails in order to answer the questions posed at the start. The researcher has endeavoured
to take on a systems approach rather than a sectoral approach, therefore it has been
imperative to consider all the system components. For example;, the necessary input
measures (investments) which can guide and improve the process of growth and
development (improved capacity for payment and better accessibility to services) in order
to arrive at the desired outcomes/outputs (improved health, poverty reduction and growth)
are all key to managing urban water systems sustainably.

In the following section this issue of indicator incommensurability will be
addressed to a much greater extent. The incompatibility of variables measured in different
units will be dealt with, and indirectly so will this issue of inconsistent indicators.

4.2 Normalisation

The SI undertakes the aggregation of multiple and diverse variables, and it is often the case
that variables are measured and represented in irreconcilable units. It therefore follows,
that in order to compile such a complex indicator one needs to standardise the data
according to a set and comparable frame of reference. There are a number of techniques
which achieve this and in the following discussion a select few will be presented as
discussed by Nardo et al. (2005). These methods highlight the possible routes explored in
this research, but ultimately one technique was employed, keeping in line with the need for
clarity and simplicity.

e  Ranking: This method enables a relative measure of the performance of city or study
area based on a pre-established best-case. While it is no longer possible to assess
performance in absolute terms, the benchmarking exercise enables cross-area
comparisons, both provoking responses and stimulating change. This approach
becomes extremely relevant when similarly performing countries are grouped around
clusters and their similarities and dissimilarities are highlighted, making an evident
case for laggards and leaders. The ranking can be done in relation to a case under
assessment or to an established or favoured reference area.

o  Distance to reference: The distance to reference approach establishes the
performance of a city or study area in reference to a pre-determined fixed target. It is
a measurement in reference to a proposed ideal outcome, and as a result may enable
an incremental movement towards that fixed end-point. This concept of setting and
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following targets for the achievement of sustainable development goals has in part
been the driving influence behind indicator development. As such, performance-to-
target assessments should be acknowledged in any process of developing indicators,
and have been looked at in this research

® Categorical scale: In a categorical scale approach, scores are assigned to individual
indicators or the lowest level of measurement, in this case the variables. These
categorical scores can be either quantitative, a score from 0-100, or qualitative,
assessing on the basis of good, adequate, or poor for example. This gives an idea of
absolute performances but depending on the scale chosen, can obscure significant
differences across variables and within indicators. Variations might not be significant
in terms of the overall score but become problematic if these produce a change in the
final rankings.

e  Comparison to mean: The method involves the determination of the mean value, to
which all other values are then compared. The mean value receives a 0 score and
indicators above and below the mean receive 1 and -1 accordingly. While favourable
for its simplicity, this approach fails to recognise the degree to which areas are under
or over-performing, i.e. while Case A might be performing seven times better then
Case B, both will be scored equally.

Ultimately there are limitations to the use of any of the above techniques. More specific to
this research, there are limitations due to the restricted number of case study applications.
It becomes unreasonable to employ either the ranking system or the comparison to mean,
simply because the results could be biased towards the dominating case (performing
exceptionally well or extremely badly). In the ranking system this can be largely
overcome by the selection of an ‘external’ reference. With the comparison to mean
approach, missing data for one of the two case studies ultimately denies the use of this
technique.

It was resolved that the indicator conversion should employ a categorical scale
normalisation approach, where all indicators were to be scored on a 0 — 5 scale. The
scoring from 0-5 is fixed, however the endpoints vary from variable to variable, much in
the same manner as with the EVI. One might have adopted a larger scale, say from 0 —
100 for more clarity in the results, however given that the reliability of the data itself can
be questioned; this would not have provided any real advantages in this case.

One needs to keep in mind that the single final number is but a ‘snapshot’ of the
‘health and vitality’ of a system and not a definite representation, therefore the final
assessment demands further exploration of the contributing component and indicator
scores, as will be pursued in the discussions.

The majority of categorical scales were selected on the basis of pre-established
reference points, standards or rules i.e. wastewater quality criteria, guidelines provided by
the World Health Organisation and others. However where literature, expert opinion or
personal knowledge were not sufficiently clear, subjective scales were selected, attempting
to balance the distribution across endpoints.
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Close observation of any of the filled-in spreadsheets (results sheet), will illustrate that the
higher the score for a variable, the better it performs towards sustainability; with the
exception of vulnerability to disasters, where the higher the susceptibility to disasters and
the lower the management and mitigation of risks, the lower the sustainability of urban
water systems. The spreadsheet was designed in such a way as to ensure this. Appendix H
provides a detailed discussion on the standardisation of each variable as well as a more in-
depth description of the SI subcomponents. This coupled with the attached Excel
spreadsheets, gives the reader and potential user a better understanding of the structure and
functionality of the index (see attached CD for Excel sheets).

4.3 Weighting systems and aggregation

In the context of indicator development, weights often serve to emphasise issues of
particular concern. Those issues which need to be highlighted will be given higher
weightings and hence greater importance in the final index score. This section explores the
process of determining and applying different weightings to verify the modifications in the
results.

As a first step, an equal weighting system was applied to all components and
variables so as to establish an initial base situation. However it is well understood that
perceptions and priorities vary from place to place and from time to time, therefore a
further step was taken, where subjective weighting systems were explored. This was done
to introduce the necessary or desired biases towards certain issues.

It is important to stress again, that this research does not presume to provide ‘the
answer’ but simply to explore possible solutions; therefore, the weights used here are by no
means fixed and final. In fact, if anything, this research encourages greater reflection on
and exploration of the topics discussed and endeavours to be flexible enough to enable
alterations.

Accepting that assignation of weights is an inherently subjective exercise provides
some flexibility in determining the method to be used. The literature review highlighted
some of the possible statistical techniques which can address, to an extent, the issue of
subjectivity; however the researcher did not pursue these for the same reasons that denied
the use of similar statistical techniques in multivariate analysis, the limited number of
datasets. Statistical methods should however be explored in future research.

4.3.1 Neutral weighting
Equal and Balanced
The first trial made use of a balanced equal weighting system, where all variables within

sub-indicators were equally weighted, and all sub-indicators within component categories
as well as components making up the index, were also equally weighted.
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Equal and Unbalanced

In the unbalanced approach, to start off all variables were equally weighted. This means
that sub-indicators with the highest number of variables received higher overall scores.
Two options were then available; on the one hand, one could continue to attribute equal
weights to all 20 sub-indicators and 5 components, or alternatively, provide equal
weightings to indicators within the same component category and equally weight all
components. Both approaches were attempted with little variation in resulting scores,
therefore for the sake of brevity only one approach will be reported on in the results.

4.3.2 Subjective weighting

Allocation of weights to indicators is a conflicting issue, which has given rise to many
debates around the validity of composite indicators. Inconsistency and lack of definition is
such that no set ‘global’ weighting scheme or methodology for determining weights has
been put forth. In some instances, indicator developers have attempted to define a
weighting system which can be widely applicable, while others have avoided the issue by
adopting the equal weighting approach. Others have opted not to address a widely-
applicable weighting set but rather employed specific indicators and weights for a specific
context.

Some examples of where lack of consensus has led developers to opt for equal
weighting schemes are the ESI and EPI. The Water Poverty Index (WPI), which also
makes use of composite aggregation, attempts to somewhat diversify by proposing that
both a balanced and unbalanced equal weighting approach be undertaken. The developers
of the WPI propose a weight selection table based on specific local descriptors and hence
variable weightings (Lawrence et al., 2002 & Sullivan et al., 2003). Many more indicator
initiatives propose similar approaches.

In the absence of a defined and recorded methodology for assigning weights, the
developer considered two avenues of recourse: the one option was to pursue statistical
analysis to arrive at weightings, and the second was to undertake an extensive consultation
process which would allow for the input of various stakeholders and experts.

Ultimately, a combination of both approaches was adopted. Firstly, engagement
with stakeholders was achieved, albeit briefly, and from these meetings key concerns and
priorities which demanded greater weightings were established. Secondly, the developer
adopted a ranking approach, in which variables were ranked within their indicator category
and then assigned corresponding scores.

Five additional sets of weightings were developed in line with the five dimensions
of sustainability represented in the index, and here the consultation process became
relevant, helping to highlight key variables. The intention was to propose various
weighting schemes which could then highlight progress along the various dimensions of
sustainability, rewarding those areas which perform better with regard to one or more of
these dimensions.
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The results of all different weight applications will be compared to draw conclusions as to
the influence of differentiated weighting on the overall performance of the case studies. At
this point it suffices to say that the adoption of different weightings did alter the indicator
and component scores, however the overall sustainability index value did not vary
significantly. A table of the subjective weighting sets developed is provided in Appendix L

At the start of this thesis, the need for flexibility was emphasised, and mention was
made of enabling the user to modify the indicator to suit the users’ particular needs. This
option is still available to the user, who has the freedom to manipulate the tool in order to
restructure the indicator. The weighting options previously discussed also provide some
flexibility of choice and highlight possible tradeoffs. Where some might argue that
changing both the constituent indicators and their relevant weights might render temporal
comparisons meaningless, the argument is made here that sustainability is not constant but
rather varies with both time and space. As a result, the priorities for achieving sustainable
development must change accordingly.

4.3.3 Composite index aggregation

The sustainability indicator was calculated using the composite index approach. Composite
indicators have been used in indicator initiatives such as the Human Development Index
(HDI), the Environmental Sustainability Index and the Water Poverty Index (WPI). The
decomposition of the SI into components, sub-indicators and variables has already been
discussed. This section simply provides the aggregation formula used and it proposes some
additional methods for future exploration.

The sustainability index for a particular area/region (SI;) is the sum of all the
weighted components (Equation 4.1). Variables and sub-indicators are aggregated in the
same manner as components. The standardised value of the respective component X, is
multiplied by the attributed weight, wy;, to give a value on a scale of 0 — 5. For the
sustainability index in question, the formula will be represented as shown in Equation 4.2,
accounting for all 5 dimensions (components) of sustainability:

(4.1) ST, =
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WeS + Webl + W, EV + wpP + wil

(4.2) Sk =
Ws, We, Wey, Wp, Wi

S- Social; E- Economic; EV- Environmental; P- Political; I- Institutional.

The symbols: ws, We, Wey, Wp, Wi represent the weights for the 5 components mentioned
above.

This method of summing up weighted and normalised sub-components is by far the
most commonly used, mainly for its simplicity in aggregation and representation of
multiple issues. There are however some shortcomings, for example; the quality and
relevance of the composite index depends largely on the quality of the underlying indicator
framework, the compound sub-indicators and components, their unit of measurement and
the overall interpretation of their importance (weights) within the composite index.
Furthermore, indicator incommensurability can render the results obtained unrealistic or
irrelevant. Finally, there is also the issue of presupposed compensability, where it is
assumed that independent of the variability of the underlying components, if the final
scores for two cases are equal, then, their performances are equal. There is an assumed
equality derived from very particular inequalities (Nardo et al., 2005). This will be
illustrated by the following example, using the same components developed for the SI;
social, economic, environmental, political and institutional. If city A and B score as
follows for the above components:

City A: 1,1, 10,2,2=16
CityB:4,4,1,3,4=16

The composite index values are the same, however the two settings represent different
socio-economic, political and environmental scenarios; suggesting that caution be taken
when interpreting results.

Efforts have been made to address all of the above shortcomings by testing
assumptions, undertaking comparisons with other initiatives, adopting different weighting
schemes and finally by evaluating results at the level of the index as well as at the
component and indicator level.

In the end, there are two schools of thought regarding the development and
application of composite indicators. The one group believes that this summarised
presentation of results provided by composite indicators is not only relevant and realistic
but also meaningful, (Nardo et al., 2005), and that the very comparative, and at times
competitive-driven, nature of indicator application which stresses the ‘bottom line’,
irrefutably attracts the much sought attention of policy makers. The other school of thought
believes that, while indicators are undeniably useful, the final aggregation into a composite
should be omitted for the very sound criticism that the selection and aggregation
(weighting) of indicators is and will continue to be extremely subjective and ultimately
dissatisfactory to some.
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Accepting both viewpoints, the opinion proposed here is that; because many of the water
management issues highlighted thus far have gone either poorly addressed or completely
unchallenged, the simplicity and strength of composite indices in conveying a message and
motivating for change is crucial. The information these provide must certainly be
disseminated with caution, and above all must stress that indices provide but a rough
assessment of reality and not the final appraisal.

4.5 Robustness: sensitivity and uncertainty analysis

In the interest of a clear and transparent process and product, it is important to stipulate
how certain one is about the assumptions that are made and how these affect the indicator.
This has been done at each step of the indicator development process, however this section
proposes to summarise these and estimate the overall robustness of the indicator. Two
aspects are of concern when addressing indicator robustness, namely; sensitivity and
uncertainty. Sensitivity analysis provides an assessment of the variation in results based on
the assumptions made, and how these then impact on the composite index. Closely related
to this is the analysis of uncertainty of the output due to uncertainties in the input (Nardo et
al., 2005).

The determination of both enables the developer to establish whether relative
rankings vary, depending on the variations in assumptions made. It would certainly be
valuable to be able to validate the assumptions made here, however it has not been possible
to employ any statistical techniques, for the following reason: indicator application to two
case studies negates the benefits of significant variability in ranking, and secondly, to
corroborate this; the performances of the two settings are considerably different, so much
so that it is safe to assume that even when accounting for uncertainty and sensitivity in the
model the relative positions would remain.

It is however possible to qualitatively assess the robustness of the index. To begin
with the indicator selection process has been substantially biased, informed largely by the
opinions of the developer and the Urban Water Team. To balance this, a compilation of
previously adopted selection criteria were used to screen out indicators and variables; and a
comparison with widely recognised indicator sets was undertaken. The next step
demanding attention was the use and imputation of data. The limitations here were widely
acknowledged, nevertheless, for the sake of transparency, a data sheet for each case study
is attached (Appendices J and K). The datasheets describe the data used, the assumptions
made, as well as cases where data was imputed or guesses were made.

The final step which demanded attention was the attribution of weights. To address
this issue, weighting sets were developed, focusing on the different issues raised by
stakeholders in a methodical fashion. The results, which will be discussed in Chapter 6,
will show that there can be variability due to differentiated weighting but it will also be
shown that, overall, this variation does not have a big impact on the index score. This does
not detract from the subjectivity of the exercise but rather provides for some
experimentation.

Sustainability Index for Integrated Urban Water Management in Southern African Cities
Chanpter 4: Calculating the indicator



4-13

On a closing note, the developer has endeavoured to be as thorough as possible; applying
the theoretical concepts of sustainability, systems thinking and multidisciplinarity, as well
as addressing the statistical dimension of indicator development.

4.6 Developing the tools to run the indicator

Having developed the indicator, highlighted some of its limitations and contextualised the
two case studies, the next step was to actually apply the index to two case studies. Prior to
indicator applications two programs were used and/or developed and will be considered
here as two separate tools, although for the same input in information both tools should
arrive at the same results. The first tool used was a simple Microsoft Excel spreadsheet and
the second tool — SI 2007 — was developed using Visual Basic 2005 Express Edition, a
programming package. The following sections will review these tools in more detail.

In keeping with the sequential model in chapter 5, indicator application and
visualisation is described here as one of the last steps in the process, however in fact this is
an ongoing process and refined through improved indicator definition and information
collection. As was demonstrated by the step-wise approach in chapter 5 (methodology of
indicator development), this and all steps are under continual revision, until satisfactory to
the developer and end-user.

4.6.1 Microsoft Excel

Firstly, an Excel workbook was created, in a similar format as the workbook developed by
Stoeckigt (2006) and Snoek (2006). The Excel tool consists of five worksheets. The first
and second are fill-in sheets, where the user can attribute values to the various variables
provided. In fill-in sheet 1, the user will work mainly with the levels of service for the area
in question (Figure 4.1), where issues (variables) are linked to the LOS. The extract from
the fill-in sheet shown in Figure 4.1 illustrates this; the empty blue-shaded spaces must be
filled in with the relevant information as shown, ensuring that the total adds up to 100%.

% % located % located on slopes of steepness
LOS on flood prone area 0-1% | 2-3% | 4-10%
LOSI ‘ ‘ |
{ LOS2
LOS3
LOS4
LOSS

Figure 4.1: Extract from fill-in sheet 1 (part sustainability index tool)

Fill-in sheet 2, on the other hand presents a multiple choice type scenario; tick boxes are
provided adjacent to the options to be selected. The scores attributed for the tick boxes
descend from the highest score, 5 to 0. There are some cases, as shown in Figure 4.2,
where two ranges are provided, but only one option can be selected.
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50% OR | |s50%
49%-40% ] 51%-60%
39%-20% L | 61%-80%
19%-10% L ] 81%-90%
9%-5% | 1 91%-95%
<5% ] >95%

Figure 4.2: Extract from fill-in sheet 2

The third spreadsheet, the calculations sheet, provides a breakdown of the scores and how
these were assigned to each variable (Figure 4.3).

% | Levelof Water | Sanitstion | Drainage | Waste
[0Sl 5 5 5 5
LOS2 4 4 4 4
LOS3 3 2 2 2
LOS4 1 1 1 1
LOSS 0 0 0 0
Rate

Figure 4.3: Scores attribution to variables for the indicator; levels of service

This is followed by the fourth sheet, in which the final results are calculated and presented.
In the results sheet, variable scores are provided from the previous calculations sheet (both
sheets are linked), as well as the corresponding weights. This then gives way to the
calculation of sub-indicator, component and finally the sustainability index scores (Figure
4.4 and 4.5).

The final sheet works as a check for possible errors made by the user; similar error
checks are also provided in the other sheets to ensure that values are filled in correctly. For
a detailed view of the spreadsheet refer to the full case application provided in the
complementary CD (Tool 1, CD).

4.6.2 Programming with Visual Basic 2005

Visual Basic (VB) 2005 is a simple and easy programming language which enables first
time programmers to create solutions and develop programmes that run on Microsoft
Windows systems. VB 2005 allows the programmer to design and draw their user
interface (UI), without going to the extra trouble of writing code for the Ul, and hence
allowing more time for problem solving and event coding (Willis & Newsome, 2005).

The main purpose of developing a specific programme to run the indicator
originated from an understanding of the limitations of Microsoft Excel as an indicator tool,
in terms of presentation and ease of navigation.
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f_ﬁe >
Social security

and  cultural
acceptability

0.20

3.39

Indieator | Weight |Rate |Varisbles _leight | Rate
1.1 Total collection time 0.25 4.64
1. Access to water supply 0.17 491 1.2 Gender bias 0.25 35.00
1.3 Conflict over water sources 0.25 5.00
1.4 % with access to protected water sources 0.25 5.00

1.0
s 2.1 No. people per sanitation facility 0.33 4.74
2. 1_\<.:c.ess and use of sanitation | 0.17 477 2.2 Safety of use and safety to access facilities 0.33 478

facilities : =

2.3 Cultural and social acceptability 0.33 4.78

1.0

Figure 4.4: Sub-component scores; extract from results sheet

Sustainability Index (ST) 4%
Social 68%
Economic 74%
Environmental 87%
Political 8§9%
Institutional 53%

Figure 4.5: Final component scores; extract from results sheet
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It is not necessary to detail the actual format of the programme, as it was designed based
on the spreadsheet and therefore is similar in appearance. It has, however, been
significantly compressed; where the Excel spreadsheet indicated and calculated scores,
with SI 2007, this was done in the background through the code.

Instructions are given to guide the user regarding the procedure to be followed.
Furthermore, certain checks were provided to ensure that errors are avoided. The different
weighting schemes created were also provided and the user simply selects which set he/she
wishes to employ. It is recommended that the user spend some time exploring the tool, in
order to fully understand what has been proposed here (Tool 2, CD).

All of the above features of the tool simplify its use and avoid confusing the users
with the underlying computations and somewhat lengthy formulas. Adopting a relatively
more complex computation tool than the basic Excel sheet can also deter users from
altering any fundamental components of the indicator, as they would have to be well
versed in the VB2005 language to do so. All in all, because the programme was
specifically designed for the application of this index, it provides a more formalised and
personalised tool with an improved user interface which is appealing to a wider audience.

Given more time the tool could have been significantly refined, however at this
preliminary stage, where the developer was simply getting acquainted with programming
and this particular programme, the product fulfils its intended purpose. The Excel
workbook can be modified so as to fall inline with the assessment requirements of the user.
It provides a degree of flexibility which is not available in the SI 2007, therefore the two
tools complement eachother.

Sustainability Index for Integrated Urban Water Management in Southern African Cities
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S. Background to case studies

In order to test the indicator, two case studies were selected. Hermanus and Maputo were
chosen for a number of reasons, and these will be explored in more detail in the following
section, however, ultimately the deciding factors were those of time and resource
availability. This chapter starts by exploring the selection of the two case studies. It
continues to provide a short descriptive summary on the status quo of these two distinct
cities, much of it helping to build a portrait of each city which will then enable verification
of indicator results.

5.1 Selecting the case studies

Case study selection was relatively simple, largely due to the constraints already
mentioned. Chapter 4 has highlighted the difficulties in obtaining data for such a wide
range and number of variables, and to avoid compounding the issue, case selection was
restricted by distance and probability of acquiring information in the limited time available
for the completion of this thesis.

Other factors also influenced the selection of the two final cases. There was an
interest in exploring different scenarios, with the aim of testing the wider applicability of
the index. At the same time it was important to retain certain similarities, which could help
draw a common link across most developing African cities, particularly southern African
cities.

In the interest of diversity, different economic, socio-cultural, political and
historical backgrounds were used as criteria, in order to contrast the study areas. The issue
of water management in an urban context was also a big determinant. Maputo has
evidenced significant challenges in the provision of services to the majority of the
population, maintenance of service quality for all, and capacity for monitoring and
managing resources. In contrast, Hermanus has consistently displayed a commendable
performance in water management in the past, including its ability to cope with extreme
variations in water demands through the very effective Greater Hermanus Water
Conservation Programme. It offers a useful contrast to the situation in Maputo; however
this must be understood in the context of much lower population numbers and densities, as
well as significantly higher income and education levels.

The familiarity of the researcher with both cities was also important; being a native
to Maputo City and a resident in the Western Cape for the past six years, as well as being
fluent in both Portuguese and English, was advantageous. Furthermore, the researcher has
some research background in both areas, having concluded both secondary and tertiary
education in South Africa, and conducted research in Maputo at undergraduate level.
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5.2 Greater Hermanus Area

5.2.1 Geographical profile

South Africa is without a doubt the most developed country in the SADC region, and
possibly one of the more stable economies in the continent. Its borders with Namibia and
Botswana to the North West and North; and Zimbabwe and Mozambique to the South East
are well established (Figure 5.1). Situated along two oceans, The Atlantic Ocean and The
Indian Ocean, the country occupies the entire south-most portion of the continent.

After more than a decade of democratisation, the country’s socio-economic profile
is extremely positive. The government, through policy and practice, has taken significant
strides towards eradicating the dominant racial and income barriers of the past. Progressive
policies such as the Free Basic Water Policy, have ensured achievements such as 74%
national coverage in terms of water supply, the majority of it benefiting low income groups
(67%) (DWAF, 2007).

In view of growing population numbers, the reduction in the sanitation backlog has
also been significant, albeit lower than the expectations for achieving the relevant MDG.
According to the joint WHO and UNICEF report (2004) on the progress towards MGDs, in
2002 improved water supply and sanitation coverage for South Africa had risen to 87%
and 67% respectively, from 83% and 63% at the beginning of the previous decade.

The Greater Hermanus Area forms part of the wider Overstrand Municipality. The
Overstrand Municipality is turn part of the regional Overberg District Municipality, which
is situated in the Western Cape Province (see Figure 5.1).

Hermanus is a coastal town, lying on a raised coastal plain along the Indian Ocean,
and sloping up towards low-lying mountains to the north. The Greater Hermanus Area
aggregates the suburbs of Fisherhaven, Hawston, Vermont, Onrus, Sandbaai, Hermanus,
Berghof, Onrus Manor, Chantelair, Kidbrook, Hemel and Arde, Mount Pleasant, Zwelihle,
Hermanus Heights, and Voelklip. For the purposes of this research only the following
neighbourhoods were included: Fisherhaven, Hawston, Vermont, Onrusrivier, Sandbaai,
Hermanus, Mount Pleasant, and Zwelihle (Figure 5.2). This is because these constituted
the more urbanised areas of Greater Hermanus.

The climate is typically Mediterranean, characterised by hot, dry windy summers
during the months of October to March, and cold wet winters from April to August.
Temperatures range from 18°C to 30°C during summer and 8°C to 25°C in winter, and on
average an annual rainfall of 650 mm is expected (Umvoto, 2004).
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The rock strata in the area correspond to units from the Malmesbury Group, Cape Granite
suite, TMG (Table Mountain Group), Bokkeveld Group, and Bredasdorp Group. In terms
of groundwater resources, two main aquifers show promise for future exploitation,
although there are others, and these are: the strongly fractured quartzite and sandstone
zones of the TMG; and the neogene calcareous sandstone and limestone near the basal
unconformity of Table Mountain and the Bokkeveld Group (Umvoto, undated). At present,
of particular significance to the town is the peninsula aquifer, extending over large areas of
the Western and Eastern Cape, which is partially recharged by rainfall from the mountains
surrounding Hermanus.

In terms of surface water resources, the area is supplied by the De Bos Dam situated
in the Onrus River. Abstraction from this supplies the majority of Greater Hermanus, with
the exception of certain users which utilise groundwater extensively i.e., agriculture and
recreation (golf course and sports ground).

With regard to species diversity and ecological preservation, Hermanus is well
known for its winter aquatic habitants, whales and dolphins, and Walker Bay has been
named a marine protected environment which boasts a wealth of marine life. Fynbos is the
predominant vegetation in the area; however extensive alien species invasion has occurred
in the past years, particularly in the coastal areas (Umvoto, 2004).

5.2.2 Policy environment and institutional structures

Since the 1994 democratic elections, policy making and implementation in South Africa
has been focused on redressing past undemocratic policies and practices. In the water
sector, the National Water Policy (NWP), and the National Water Act are the governing
pieces of legislation, which are working to ensure a more democratic, as well as socially,
economically and environmentally sustainable South Africa. These, coupled with
supporting legislation such as the Water Services Act (Act 108 of 1997) and the Strategic
Framework for Water Services of 2003, guide progress at all levels of government,
particularly at the implementation level of municipalities.

Overstrand Municipality was formed in December 2000, in compliance with the
Local Government Municipal Demarcation Act (Act 27 of 1998) and the Local
Government Municipal Structures Act (Act 117 of 1998). It is an amalgamation of
previously  individual = municipalities, including the  Greater = Hermanus,
Hangklip/Kleinmond, Gansbaai and Stanford municipalities (DWAF, 2001). The
management structure has three distinct components; political, administrative and public
participation structures. These in turn are tiered to ensure logistical and practical
functioning of the municipality (Overstrand Municipality, 2007).
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In terms of management, monitoring and compliance with regulations, Hermanus has
served as a good example for water management, locally and internationally. It has
succeeded in balancing the local socio-economic priorities with those at national level as
well as with international development standards. This can be said of the provision and
quality of services, resource management and water quality monitoring, treatment of
wastewaters, implementation of progressive tariffs and good cost recovery, as well as good
environmental management and the preservation of valuable ecosystems. One must not
forget however, that there are specific conditions which favour such accomplishments;
such as the relative small size of the town, the low densities and high incomes.

There are nonetheless concerns for poor integration and cooperative management
within the broader Overstrand Municipality, as there is still an element of differentiated
governance and non-uniformity across all four municipalities. Furthermore, because the
municipality acts as the sole service provider for the respective towns and surrounding
areas, this places an enormous strain on an already overstretched management structure,
with limited staff capacity (Overstrand Municipality, 2006¢).

5.2.3 Demographics and service provision

The current socio-economic profile indicates that Greater Hermanus is home to over 35000
permanent inhabitants, a number which rises to more than 70000 during peak season
(November — February) (Muller, 2007). The main land users and water consumers are;
residential, small scale industrial and local businesses, as well as public facilities such as
health care centres, schools, and government institutions. Agriculture is practiced in the
surrounding areas, which form part of the Overstrand Municipality but are well out of the
context of urban Hermanus.

As indicated by the seasonal boom in population, Hermanus is a tourist town,
sustained mainly by tourism and affluent holiday visitors. During peak season, the
population in Overstrand more than doubles, increasing the number of affluent residents. In
contrast, a large portion of the permanent residents of the town experience high levels of
poverty. This is the case for the majority of black and coloured residents living in the
medium to high density areas of Hawston and Zwelihle (see Figures 5.3 and 5.4).
Currently, 31% of the total households in the Overstrand Municipality earn below
R1000/month, Zwelihle being amongst the poorest and densest of suburbs (DWAF, 2006).
Results from the 2001 National Census confirm these findings (STATS SA, 2001).

Despite these issues, both population and development rates for Overstrand have
increased significantly in the past decade. Between 1996 and 2001, an 8.3% population
growth rate was observed, and there was a marked increase in the number of approved
building plans, indicating a boom in the building industry and ultimately in the economy
(DWAF, 2006). In terms of service provision, at least 95% of the population of Overstrand
have access to basic water supply, and 93% have access to basic sanitation, under RDP
(Reconstruction and Development Programme) standards (DWAF, 2006).
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[n Hermanus. more than 70%, of the population have access 1o both full uocontrolled water
supply in the hooschold and water borne sanitation, The remainder have access to either
vard taps and septic tanks, or communal water supply and VIP latrines (Overbery District
Municipality, 2004 Service provision and management at the muonicipal level has been
significantly strained by the popuolation growth and corresponding demand [or both high
and low income housing,

In zeneral, payment for services and cost recovery is high In spite of the hgh
poverly levels in some arcas. [his can be larpely atteibuted to a suceessiul water
management  programme:,  the Greater llermanus  Water Conservation  Programme
(GHWCP). The GHWOP was crealed i November 1996 in partnership with DWALs
Working for Water Programme, In 1994, the locat authority bepan 1o loke serious note of
the marked incrcase in water consumption duting the holiday season; o situation which
when coupled with Lhe permanent growth of the town placed considerable pressure on
atrcady steessed resources. The initial response was to apply for an increase in water
abstraction through the upgrade of the De Bos Dam. This request was rejected. whieh then
led to the development of the GLHIWCP: a comprebensive demand management plan which
was centred on the application of a progressive block tanfl, a waler-wise approach. and an
imformative mlhing systom (Decdat e af.. 2000 The resulis of this programme were
visible a lew short months after implementalion. and continue & be visible today, despite
the lack of continuwty, as 18 exemplified by the high cost recovery and low LIFW rates in
[Mermanus, Relinhility ol services is guaranieed through an eificient cuslomer service
which 15 responsive 1ossucs such as; low pressure, teaks and blockages, [noa review of the
successes of the GITWCT, Deedat ef af. (2007), advise prudence in highlighting the overall
succesy of the programime without an assessment of the drawbacks, ‘The programme was
designed to targel those higher consumers and wasters” ol water sand as such [aled 1o
inform and acknowledge lower income proups, This served to reinforce the income and
race inequalities amongst residents of Hermanus at the expense of social conceens such as;
service provision, communication and dissemination: as well as fuiling Lo recogmse the
economic benelits o be gained. mostly for disadvantaged individuals but for society also,
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From an environmental perspective, there is assurance of good water quality, both at
source and at the supply end. In response to increasing water requirements and
development concerns, the municipality has undertaken to conduct various studies into the
quality and quantity of resources in the area. These sources include; surface and
groundwater, as well as sea water and effluent from the treatment plants. There is a need
however, for greater emphasis on education and pollution awareness to secure greater ‘buy
in’ from the collective community and ultimately to ensure the preservation of rivers,
streams and natural ecosystems.

5.3 Maputo City

5.3.1 Geographic profile

Mozambique is situated on the South East region of the African continent. It is bordered by
Tanzania and Malawi to the North; Zambia and Zimbabwe to the West; South Africa and
Swaziland to the South; and boasts an extensive coastline along the Indian Ocean to the
East (Figure 5.5).

The country obtained independence in 1975, after which it entered into a period of
civil war between the ruling party, Frelimo, and the rebel party, Renamo. Much of the
damage to infrastructure observed to this day is as a result of this long period of conflict
and war (CARE, 1999). The country has finally succeeded in achieving peace and is now a
multi-party democratic state displaying one of the highest economic growth rates in Africa,
if not world-wide (UNDP, 2006b). And yet, despite this progress, much of the population
still lack access to safe water and sanitation, the basics for survival.

The capital, Maputo, is situated on the south tip of Mozambique and is the largest
urban centre in the country. It boasts one of the most significant ports along the coast of the
Indian Ocean. The city is connected to the interior of the continent through the railway
network which connects the country to South Africa, Zimbabwe and Swaziland (Figure
5.5).

In some respects, Maputo is very similar to Hermanus; both are coastal urban
centres along the Indian Ocean, and like other urban centres throughout Africa, both have
experienced astounding population growth and impressive development rates. Both cities
are popular tourist destinations, as shown by the fact that Maputo also displays a
considerable increase in population during the holiday months of December to January.

The climate is tropical and characterized by months of intense, short duration rains
with the highest intensity in January and February, which coincide with the hottest months
of the year with average temperatures of 29.7° C. The average annual rainfall in Maputo is
approximately 800 mm (Alves, 2004). According to FAO and based on the Weather
Bureau’s 30 year records, the monthly precipitation varies considerably from 18 mm in
July to 137 mm in February. The mean annual evaporation rate, of approximately 1200
mm, exceeds the above reported mean annual precipitation, with implications for water
resources and reserves.
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Maputo is within the southern portion of the [ndian Occean evelone belt and while not as
strongly affected as the central parts ol the country, i has in recent years expericnced
signilicant cvelong activily,

In terms ol its eeology, the Greater Maputo wrea belongs o the southern Mueso-
Cenocoie sedilventary basin extending from Port Dhumibord in Natal  (South Africa)
castwards to the Libombo Mourdaing and northwards w Quelimane m e contre of
Mozambigue (FIPACG. 2005). During the periods ol marine transgressions and regressions.
maotre than 100 million years ago, layered deposits of cretaccous to tertiary ape rocks
formed an over-laver which was in lum covered in cerain parts by sand dunes or
gquaternary sand deposits c.e. eastern area of Greater Mapute, The groundwaler system s
determined largely by these features. 11 is divided into two major units; the sandy/phrealic
aquifer {quaternary age) and the promisinge deep agquifer (tertiary age), which is forcseen o
supplement future water demands in the area (FIPAG, 20057,

The arca known as the Greater Maputo covers the municipalities of Maputo and
Matola. There are nine administrative districts in total. Mapute consisting of six and
Matola of three. These districts in tor subdivide o 108 bairros (neighbourhoods), which
represent the lowest adninisuative level (FIPAG, 2003} These can be categorized as Lthe
central colonial wrhan neighbourhoods, the hieh density  peri-urban  ncichbourchoods
situated on the peripheries and the low density rural setllements |ocated st congiderable
distances from the city centre (FIPAG, 2003), For the purposcs of this rescarch, only
distriets -5 within Mapuwo city and its periphery were considered, these constituting the
core of Maputo City as shown in Figure 3.6,

5.3.2 Palicy environment and institutional structures

The 1995 National Water Policy tResolution No. 795, 8" August 19935) approved after the

promuleation of the Water Law e August 1991} recounizes a number ol 1ssues in the

management ol waler, which wre epitomized in the following key principles (FIPAG.

2005y

. The Tulfilment of basic water supply and sanitation requirements for low income
COMMUNItICs.

» Engagement in public consultation and participation throughout the stages of service
provision; planting, nnplementation and maintenatce.

s Acknowledgement of both the soctal and cconomic value of water: redirecting ¢ffoits
lowards the improvenent ol service provision and elficient management to ensure
this.

s Cledr and defined roles and responsibilities ol all stakeholders to improve capacily
for management,

. The acknowledgement and support of private suppliers of services.
® The nmplementation of Integrated Resource Management praclices.

. The gradual transter of scrvice provision eesponsibilities 1o the private sector, in an
envirorment of strong public-private partnerships.
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The guiding policy and regulatory institution at national level is DNA, the National water
directorate, however this institution works in partnership with many others. Service
provision and water management in Mozambique, but particularly in Maputo, is governed
by a multiplicity of role players. This is a working environment which significantly
complicates the coordination and integration of management. Some of these key players
are:

® The National Water Directorate (DNA — Direc¢do Nacional de Aguas).

e FIPAG, a consortium of Portuguese (Aguas de Portugal) and Mozambican
companies, which act as the chief investment and financial management body for the
five major cities of Mozambique: Maputo, Beira, Quelimane, Nampula and Pemba.

® The Council for the Regulation of Water (CRA), who is responsible for the
regulation of water supply and for providing instructions regarding quality of service,
tariffs and expansion operations to both FIPAG and the PO (Private Operator), which
in this case is AdeM (Aguas de Mogambique).

e AdeM, the Water Utility Company for Mozambique, is the Private Operator
responsible for all activities relating to the operation and maintenance of the potable
water supply system.

® The Municipality of Maputo (CMM), who is responsible for the provision of most
services with the exception of water supply (AdeM), electricity (EM) and waste
collection.

e  ARA-SUL, the Regional Water Board is charged with the management of water
resources at a regional scale (South).

® MOPH, the Ministry of Public Works and Housing is not directly involved with
service provision however is responsible for the provision and maintenance of public
works and infrastructure.

There are several more institutions involved, not only in the provision of services but more
broadly with the management of urban waters, such as: Water Aid, UNICEF, Care
International, ADASBU, DANIDA, INGC and others.

5.3.3 Demographics and service provision

According to the 1997 National Census the population had reached the 1 million mark.
Projections based on a 3.5% annual population growth put this figure today at just under
1.4 million people in Maputo City (INE, 2007). For lack of more recent census data,
estimates obtained from FIPAG were used to project the current population for the five
districts in question. These indicate a current population of 1 219 938 inhabitants in the
urban core of Maputo City (FIPAG, 2005).

The official language in the country is Portuguese, however Makua, Malawi, Shona
and Tsonga are common languages among the local residents (UNICEF, 2004). The
country displays a variety of cultures, religions and ethnic groups, most of which can be
found in the capital city. Shangaan, Manyika, Sena, Makua, among other native ethnic
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groups, account for 99.6% of the total population. The remaining 0.4% is made up of
Europeans, Euro-Africans and Indians.

The main source of water to Maputo City is the Umbelzi River, at which an intake
point was established. The Pequenos Libombos Dam, situated roughly 30 km south of
Maputo City, yields an annual 56 million m* of water, distributed mainly in the formalised
parts of town (District 1). The remaining population, in Districts 2 to 5, are either served
by small scale systems established by AdeM, private providers or access groundwater
resources through private boreholes and wells (FIPAG, 2005).

According to the classification provided by FIPAG, the areas covered by districts 2
— 3 constitute inner, intermediate or outer peri-urban neighbourhoods. It is in these areas,
where the majority of the population resides (70%) and population densities are high, that
service provision is worst. Actual levels of service, taking into account the three major
services, are summarised as follows: District 1 is fully serviced; in terms of full water
supply within the household, water borne sewerage and drainage, covered by primary, and
in places, secondary drainage systems. This accounts for roughly 16% of the population. A
rough indication of service distribution to the remaining population (Districts 2 — 5)
demonstrates that 30%, 39%, 15% and 2% have access to levels of service 2, 3, 4, and 5
respectively, as were defined in Chapter 3.

A significant disadvantage of this backlog in service delivery, is the impact that this
has on health, particularly in the age groups of 0 — 1 year and 1 — 5 years. This problem is
more severe in the peripheral areas of the city where inadequate services and unhygienic
living conditions are coupled with poor medical services. Despite the slow progress in
service provision, the overall water-related health situation in Maputo City has improved.
The trend in the four years of health data obtained by the Ministry of Health (MISAU)
from 2000 — 2003 highlights these significant improvements, with decreases in the
incidence and mortality rates of cholera, malaria, dysentery and diarrhoea. This can be
largely accredited to the emergence and extension of Small Scale Service Providers
(SSIPs) in peri-urban areas, projects for water supply and sanitation provision undertaken
by donor agencies in specific peri-urban neighbourhoods, and improvements in the quality
of service by the water utility, as well as efforts to extend the formal water supply network.
The HIV/AIDS prevalence rates on the other hand, have increased, and according to
MISAU, Maputo Province and City display the second highest rates in the country, with
20.7% of the adult population infected (ages 15 — 49) (MISAU, 2004).

The aspect of cost recovery for services provided is subject to the capacity of
citizens to pay, and this in turn is largely dependant on employment and income levels.
Analysis conducted by FIPAG indicated that 73% of the water consumption billed in 2003,
was in fact collected. This does not however account for the high UFW rates, which place
a considerable burden on the service provider (FIPAG, 2005). FIPAG data indicates that
currently 57% of the water intake from Pequenos Libombos is unaccounted for through its
stages of transmission up to distribution to consumers. This can be largely accredited to the
age of the supply network, poor maintenance and a high number of illegal and poor quality
connections (Figure 5.7 and 5.8).
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Figure 53.7: Leakaces and faulty meters at Figure 5.8: L.cakaoes in the water supply
comsumer’s side. Maputo (FIPAG. 2007) system, Maputo (FIPAG, 2007}

The Health Census carried oul by INE in 2003 indicated that more than 92 5% of the
households interviewed in Maputo City fall under the highest wealth guintile. in
compartson o 33% in the Provinee and 15.6% in the country (INE, 20033, In terms of the
actual willinpness to pay for services, the second beneliciary assessment conducted by
CRA. currently at dralt stage. indicates thal @ good portion of the population s not only
willing but able to pay for full houschold water supply: 40% 10 76% depending on the
made of pavment.

Overall, despite being ome of the poorest countries in the world, Mozambigue has in
the last decade or so shown consistently high prowth rates towards slow bul progressive
soclo-ceonomic recovery, From 1996-1997 1o 2002-2003, there was a marked decrease in
the numiber of people living below the poverty line. of roughly 15%.,

The above points provide a basic view ol the current situgtions in both Termanus
and Maputo, Data sheets developed during the screening of data. and application of the
indicalor o the two case stedies will provide a more detaled appraisal ol the staius guo of
hoth cities in the context of the indicator and the required data (see Appendices T and K).
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6. Results and Discussion

A comparative basis of assessment is necessary to ensure that performances are determined
in relation to set standards. This is however complicated by the lack of indicator
development and an even greater deficiency in case applications at the city-level scale, hence
limiting comparisons with the work done here. This chapter will firstly present the results
obtained for the two case studies, providing an assessment of both the individual
performances of each city, as well as a comparative study of the two urban centres. It will
also serve to highlight some of the factors which influenced indicator scores and discuss how
the index can work towards benchmarking laggards and leaders. Secondly, a simple traffic-
light diagram based on pre-determined index score ranges will be employed. This will help
determine the overall capacity or performance of cities towards sustainable development, as
a general benchmark of sustainability. A third approach will be used to establish whether the
results obtained from this indicator are comparable to those obtained for similar indices. For
lack of scale-relevant indicator scores, this will involve comparisons between the SI scores
for Hermanus and Maputo, and those of other indicators such as the national ESI and EPI
scores for South Africa and Mozambique.

This section concludes by offering a summary of the problems and limitations
encountered and how this might have affected the process and the products (indicator and
application results).

6.1 Greater Hermanus Area
6.1.1 Multi-dimensional sustainability performance

All factors considered, Hermanus’ standing in the sustainability continuum is exceptionally
positive, meriting the status of a highly sustainable city. The overall performance varies from
a lowest score of 72% when adopting an economically biased weighting scheme, to 76%
when an institutional weighting bias is introduced. Despite the observed maximum variation
of 4% as illustrated in Table 6.1, performance levels remain above the 70% mark,
independent of the weighting set used. From Table 6.1 and Figures 6.1 and 6.2 it can be seen
that there are however inherent strengths and weaknesses in the general management of
urban waters, and consequently in the performance across each dimension of sustainability.
Single component analysis for Hermanus indicates that three dimensions of sustainability are
well established, namely; political, environmental and economic; and in particular
performances in the environmental and political spheres remain consistently high across all
weighting applications. Social and institutional concerns, while not as well addressed as the
above three, receive satisfactory to moderate scores respectively.

The subsequent discussion will follow in the order of higher to lower ranking
components, taking a closer examination at causal factors and how sub-indicator scores
influenced the overall index score.
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6.1.1.1 Political dimension

The good political standing observed is largely derived from a favourable national
legislative and policy water environment, which strongly advocates social justice through
resource distribution, and environmental preservation, while maintaining national and
international development agendas and goals. This component scores highest in all
instances of indicator application and this is certainly indicative of a solid policy and
legislative background, both nationally and locally.

In the case of Hermanus, national policy has to an extent contextualised both the
governance and political settings. In retrospect, there have certainly been visible benefits
associated with this restructuring, albeit not as progressive as expected, which are in turn
reflected through the high sub-indicator scores for governance and compliance with policy.
Whilst this decentralisation of functions to the municipal level has contributed to the wider
inclusion of citizens and a more democratic municipality, the amalgamation of smaller
management units into the Overstrand municipality has introduced significant management
and institutional problems. These will be more clearly reflected in the institutional
performance of Hermanus.

6.1.1.2 Environmental dimension

On the environmental front, the scores provide a constant indication of high resource
availability and good water-related management to the benefit of the environment. The
lowest score obtained was 81% for an unbalanced distribution of weights, and this
increased to 90%, when an environmental bias was introduced.

Recent studies have indicated an abundance of underground water resources which
elevate the area from a position of scarcity. The detection of significant underground water
reserves in Hermanus has undoubtedly contributed to the achievements in environmental
sustainability; however other aspects such as management have also had significant
impacts on this dimension. The past rates of population growth and development, coupled
with the issue of insufficient water resources to match this growth, introduced a state of
water scarcity in Hermanus. This issue of scarcity was largely managed through the efforts
of particular individuals at the municipality and can be mainly attributed to the successful
Greater Hermanus Water Conservation Programme (GHWCP). With the departure of Mr
van der Linde (previous town engineer for Hermanus) from the municipality and the
abandonment of the water conservation programme, the management and maintenance
efforts introduced by the GHWCP collapsed, however this initiative was sufficient to
introduce a resource-wise mentality which motivated not only the present use of
progressive block water tariffs but also stimulated much debate on water conservation
approaches locally and internationally.

Also of concern is the issue of balanced resource use and distribution. The main
category of users in Hermanus is domestic, with a small component of commercial.
Agriculture and industry are under-explored, and consequently the city is dependant on
external sources for the supply of certain goods and services. Furthermore, within
consumer categories, domestic in particular, distribution of resources is extremely
inequitable, with high income residents utilising significantly greater volumes of water.

Sustainability Index for Integrated Urban Water Management in Southern African cities
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Both these aspects mark an un-balanced and unsustainable use of resources, whereas a
more balanced water distribution would be indicative of equitable distribution, as well as
point towards a possible self-sufficiency in all sectors of society.

6.1.1.3 Economic dimension

Economically, it is possible to observe a consistent performance across all indicators,
mainly in recognition of increasing investments in the area of water supply and sanitation
as well as significant cost recovery figures for most suburbs in Hermanus. Again, giving
credit to van der Linde’s initiative, Hermanus was able to significantly reduce its water
consumption rates by up to 25%, inclusive of both UFW as well as acknowledged
wastages (van der Linde, 1997). This conservative approach has been sustained, and
currently UFW levels remain within the 10%-15% range, this in spite of indications that
per capita consumption rates have increased (Muller, 2007). Exploring these results further
highlights the following findings:

e  The capacity to pay for services was deduced on the basis of whether the population
was economically secure to access basic services, given their earnings and the
required service expenditure. Data from the 2001 Census indicated that a large
proportion of the population in Hermanus at the time earned below R1500 per month,
and a significant 11% were classified as unemployed. When drawing conclusions
from the data available, one needs to bear in mind that the data is 6 years old. The
considerable emphasis in job creation since then has contributed to both an increase
in the employment figures and improved economic (income) standings of the same
population.

e  With regard to cost recovery, the indicators show that Hermanus continues to succeed
on two fronts; firstly, as a result of good management and maintenance of
infrastructure, as well as in the achievement of relatively low levels of UFW. The
second achievement refers to the high payment rates, an achievement largely
attributed to a successfully implemented block tariff approach as well as the efficient
and effective collection rates, although these have at times resulted in public
discontentment (Deedat et al., 2001).

® At the level of investments, an increase in annual investments was observed in all
three areas considered; water supply, sanitation, and operation and maintenance
budgets have mostly increased consistently for the past six years. This was inevitable
given the growth in population as well as the targets set for full service coverage
stipulated in the Overstrand water services development plan (WSDP) of 2003.
Service coverage projections predicted increased development in the area, which
coupled with increased maintenance costs for aging infrastructure contributed to the
increased expenditure. To support this trend, roll-out of services and considerable
infrastructure upgrades have been proposed, and these are highlighted in the 2006
Overstrand Master Plans (Overstrand Municipality, 2006a).
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6.1.1.4 Social Dimension

The perspective on sustainable development taken in this research is strongly influenced by
social principles. It is geared towards the upliftment of society and ‘community
enrichment’ through the assessment of concrete actions taken to not only improve the
quality of life of individuals but also build overall resilience in urban societies.
Improvements in accessibility to basic services, progress in efficiency of delivery, and
strengthened resilience to natural phenomenon are some of the aspects which in turn
contribute to improved health, productivity, and ultimately towards social and economic
upliftment. From this perspective, Hermanus has managed to consistently deliver on all
major fronts; accessibility to services, quality and standards of service, and improved
resilience to disasters.

The majority of citizens benefit from remarkably high levels of service, such as
access to full water supply inside the house and waterborne sanitation. According to the
2003 WSDP, only a small percentage of the population (14.7%) had at the time either level
two (3.8%) or level three (10.9%) services (see Chapter 3). The WSDP also highlights a
proposed medium-term plan (five years) to eliminate the ‘backlog’ in service provision by
2008-2009 (Overberg District Municipality, 2004). In terms of drainage, the central parts
of the town are well covered by a formal system; however some areas are prone to
flooding, mostly due to poor housing design and planning (van Vuuren, 2007). This is a
problem that the municipality is aware of but is not currently able to tackle at large scale
due to budgetary constraints. Waste collection in all areas of the town is undertaken
regularly and efficiently.

In terms of vulnerability to disasters, Hermanus is not highly susceptible to any of
the major disasters under consideration; with the exception of veld and bush fires, as well
as the potential for flooding in some areas, which is recognized mostly as a planning issue
rather than any natural propensity to major disasters. Given the high levels of development
and efficient management at municipal level, it is safe to assume that the area is adequately
prepared for the eventuality of one or more of the accounted-for disasters. Furthermore,
engineering design in the form of formal services strongly corroborates these indicator
findings.

With regard to health, low incidence of water-related diseases is observed, and this
is in line with accessibility to high levels of service, such as convenient and quality water
supply and readily accessible sanitation. Moreover, the high education levels and
awareness campaigns introduced at school level support this situation. Higher education
levels can and have been taken to imply better understanding and greater awareness of
basic hygiene principles, as well as customary application of the same.

The observed HIV/AIDS prevalence rates reduce the overall health scores. While
HIV/AIDS prevalence is not directly related to water provision, a sufficient and accessible
supply of water as well as adequate provision of sanitary services, amongst other things,
can contribute significantly to building immunity and hence help mitigate the more
immediate and devastating effects of HIV/AIDS. HIV/AIDS data at local level is
inconsistent at best; therefore the figure used here refers to the situation in the Western
Cape and not Hermanus in particular, which might have altered the score somewhat.
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Secondly, HIV/AIDS data is usually obtained at pre-natal clinics which account for mother
and child infections, this is then extrapolated for the entire population. The broad data
categories covered by the 0 — 5 rank system do account for some inconsistencies, however
for the above reasons, caution is advised when interpreting the results.

There are other aspects of the index which show weak performances, such as broad
public dissemination and education on matters pertaining to the management of water.
Moreover, public consultation and stakeholder involvement, both precepts of the new
public management and participatory development approaches to governance currently
evident in policy thinking, are largely absent. These are areas requiring greater
consideration to ensure wider integration of the different community groups as well as to
instil in the public a sense of ownership which is essential to secure sustainability of
services at the local level.

The historical context of Hermanus, being a rich and white dominated town, has
certainly contributed to an almost selective management approach, however, Hermanus is
a town in change and progress, and one almost expects that these issues will become less
prominent in future. To its credit, the town has been continually praised for a successful
application of block tariffs and a remarkable water conservation programme, which caters
for the lowest income groups (indigent and sub-economic groups). Upon the departure of
key drivers of the GHWCP, certain aspects of management have been neglected; this lack
of continuity has been reflected in the indicator scoring.

6.1.1.5 Institutional dimension

Variables at the institutional dimension illustrate that there is an issue of under-
performance at the management level, however this is not directly reflective of the capacity
of current staff (education and skill) but rather highlights the under-capacity of the entire
unit (understaffed). The amalgamation of smaller municipalities such as the previous
Hermanus municipality into the Overstrand municipality has extended the service base
without a matched increase in resources and staff. Furthermore, limitations regarding
monitoring and data collection as well as in the exploration of alternative technologies on
the consumer end (water saving appliances, recycling etc) are emphasized. These stand out
as clear areas for improvement, both from discussions with some of the consultants
working with and in the municipality, as well as from the gaps observed in reports and
current practices.

The implementation of Integrated Water Resource Management (IWRM) principles
is evidenced by efficient management of resources, and the exploration of complementary
resources such as sea water, additional groundwater, and treated effluent. Reliability and
constancy of services is also high, with infrequent disruptions, and when necessary quick
and effective responses.
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6.2 Maputo City
6.2.1 Multi-dimensional sustainability performance

The circumstances in Maputo are somewhat different to those observed in Hermanus. The
index scores indicate a less than adequate performance, with a current standing in the range
of 37% to 46% depending on the weighting scheme adopted (Table 6.2). A broad analysis
of the results shows that the major strengths lie in the environmental and political
dimensions, which achieve scores in the ranges of 42% to 58% and 48% to 52%
respectively (Table 6.2). The institutional, economic and social dimensions on the other
hand contribute the least to the overall sustainability of the city, attaining scores as low as
18%, 34% and 35% in the above order.

6.2.1.1 Environmental dimension

From the table and charts that follow it is apparent that the environmental dimension offers
the highest scores to an overall poor performance. The lowest environmental component
score observed when a social bias is introduced is 37% and maximum of 46% is achievable
if focus is placed on environmental issues, illustrating the trade-offs between socio-
economic development and environmental preservation so commonly emphasised.

Higher component ratings may be largely attributed to lower levels of development
and incomparable resource depletion and pollution rates as compared to those experienced
in more developed parts of the world. However one must be cautious not to ignore the
impacts of poverty and underdevelopment on the environment, which is clearly the case in
Maputo. Following on the literature by Bartelmus (1994), one is reminded of the problems
arising from lack of development itself. The term ‘pollution of poverty’, initially
introduced in the Brundtland Commission Report of 1987 (WCED, 1987) and discussed by
Bartelmus, refers to pollution levels resulting from the lack of development as opposed to
pollution due to the actual process of development. The lack of adequate services such as
water and sanitation, inadequate housing and shelter, poor health care and malnutrition are
described as some of the contributors to the degradation of the environment, which again
are evident in Maputo.

Other impacts are: lack of knowledge regarding environmental matters, a general
disregard in the face of more pressing developmental problems, incapacity to undertake
environmental management even when desired, inadequate or biased policy which places
emphasis on socio-economic development with little regard for environmental concerns,
and a general shift or misappropriation of ‘blame’ in the face of more visible and
condemnable ‘pollutive’ practices in developed countries.

This concept of “pollution of poverty” largely explains the moderate to low scores
obtained for Maputo, stressing the very inadequacies pointed to in the above discussion.
The main areas highlighted by the index being; an unbalanced use of resources which fails
to appropriate the necessary agriculture water requirements; resource scarcity given
climatic conditions in the region as well as inadequate inter-basin water transfers to
Mozambique from neighbouring countries.
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Coinciding with these concerns, there has been a recent emphasis on large scale agriculture
at national government level, in recognition of the extent and exposure to famine in parts
of the country.

Other areas demanding improvement include: the management of effluent waters
such as wastewater and stormwater, which are currently mostly untreated and discharged
into receiving marine and riverine environments; the financial and human resource
capacity to provide managed and well monitored water services, amongst others, to areas
beyond the “cement city” (District 1) so as to enable compatibility with the surrounding
environments; and the necessary awareness creation and education to prompt
environmental management at the level of decision-making and action-taking, but also by
instilling a principled social consciousness for such issues.

6.2.1.2 Political dimension

The higher political ranking in relation to the other three components is somewhat
unanticipated as there is a common perception that poor governance and weak and
inadequate policies constitute the main inhibitors of growth in the water sector, as well as
elsewhere. While such assumptions are not entirely invalid, in order to reach pertinent
conclusions one must contextualise the findings in view of the historical, political and
natural backgrounds. Historically, there have been long periods of war, after which the
country entered a mixed state of euphoria and disarray. In the current context,
notwithstanding the quality of legislation and policy, these represent remnant policies of
colonial and post-colonial times which have been rendered inadequate, inapplicable or
simply unapplied.

The other facet of the country, and certainly of Maputo, is one of constant struggle
with nature; cyclones and floods as well as extended periods of drought have become
common denominators. From a policy and management point of view, the responses have
always been passive or latent rather than pre-emptive or proactive, consequently stalling or
retarding development.

Assessment at the sub-indicator level shows that high corruption, low accountability and a
lack of transparency are by far the greatest threats to sustainable and democratic
governance. According to studies done by Austral and USAID, Mozambique currently
ranks amongst the most corrupt countries in Africa, preceded only by Angola and
Zimbabwe (Austral, undated; & USAID, 2005). The findings indicate that corruption has
become such a pervasive phenomenon, active in all tiers of government, as well as in the
business and social environs. It has permeated the societal mantle of morals and values to
such an extent that it has become for many ‘the way of life’. It is to this ‘culture of
impunity’, and lack of transparency and accountability that the indicator alludes (USAID,
2005). Nonetheless, progress has been observed since the first democratic elections in
1994. Mozambique has taken great strides towards democracy and growth, largely to the
credit of good leadership. Furthermore, while the attitude of elitism and superiority at the
higher echelons of society is still very evident, there have been changes, provenient of the
more resolute anti-corruption leadership of the current government.

Sustainability Index for Integrated Urban Water Management in Southern African cities
Chanter 6 Results and Discussion



6-12

“The country (Mozambique) is in many ways a development success story, and the
government and its donor partners have stimulated impressive economic growth- albeit
from a very low starting point — that seems to have had a positive impact on reducing
overall poverty in this poorest of countries” (USAID, 2005).

6.2.1.3 Social dimension

Social sustainability is concerned with far more than the issue of poverty and inequality,
although these are often at the root of slow progress towards sustainability in
underdeveloped countries. The indicators selected examine issues such as vulnerability,
poor health and education, all of which are either causal or consequential to the poverty
endemic in Africa. Maputo, and possibly Mozambique, is an environment largely
dominated by elitism, an environment dictated by the politically influential and the
affluent. It is not therefore surprising that resource distribution in the water sector follows
in a similar pattern, and this is evidenced by the limited distribution of services which
benefits a minority of the population in the urbanised and wealthier parts of the city.

The indicators emphasize high exposure to disasters, which is indicative of a
general state of vulnerability due to poor social safety nets to alleviate the hardest impacts
of such disasters.

On average, low scores across all measurements of social sustainability, with the
exception of the scores obtained from the equal unbalanced distribution of weights (see
Table 7.2), signify not only poor achievements but more importantly allude to a very slow
progression towards sustainability goals. The following factors work coactively to stall
social development: low service provision; high vulnerability to natural disasters; poor
health, particularly in relation to HIV/AIDS prevalence rates; and an absence of awareness
creation and dissemination initiatives. At current rates of development, it is difficult to
envisage the attainment of targets such as those set-out by the Millennium Development
Goals, much less conceive of progressing towards sustainability at the level of developed
countries.

6.2.1.4 Economic dimension

The tables and charts demonstrate that firstly; the economic scores are very low, which is
indicative of major financial constraints to the process of development. Secondly, it is also
possible to observe that there is very little variation (maximum variation is 6%) in the
component results which leads one to conclude that irrespective of the emphasis placed on
economic aspects of the index through differentiated weighting, the actual performance
scores are too low to educe much of an improvement.

On the management side, economic under-performance can be largely accredited to
investment limitations and budgetary constraints for the maintenance and expansions of
infrastructure. Furthermore, an over-dependence on donor funds obscures the fact that the
current economic growth in Mozambique is not self-sufficient, and as such there is a
tendency to overlook the issue of long-term sustainability, which is crucial if consistent
and enduring improvements are to be obtained.
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Cost recovery is another area that demands greater attention. On the one hand, high
percentages of UFW have been registered and reported in recent years, and at the same
time the volumes of water actually billed and paid for do not represent sufficiently
profitable rates. Furthermore the issue of illegal connections and the significant resale of
water within peri-urban neighbourhoods have all contributed to the current state of
economic insecurity, hindering any possibilities of expansion, as well as maintenance of
existing systems, and disadvantaging both providers and their consumer base. From a
consumer’s point of view, low education and income levels coupled with high water tariffs
represent the more pressing issues in terms of accessing reliable and quality services.

6.2.1.5 Institutional dimension

From a management and institutional point of view, Maputo’s performance is extremely
low. With the exception of progressive moves towards IWRM with neighbouring
countries, South Africa and Swaziland, the indicators show the very opposite of what is
required for integrated and coordinated management. This is an environment dominated by
several organisations, tasked with different functions but often duplicating the work, for
lack of communication and coordination. The element of integration which is central to the
work undertaken here is largely missing. Central to the institutional under-achievement
problem is the lack of technical, monitoring, and managerial skills as well as the financial
capacity for change.

The dependence of water related services on other services such as electricity and
transportation, which are irregular at best, destabilises water management functions. The
data indicates that there are significant planned and unplanned energy cuts on a monthly
basis which lead to disruptions in water supply. Failure or breakage of machinery and
equipment for the emptying and transportation of sewerage from septic tanks and pit
latrines, as well as for the collection of solid waste, is also frequent. Taking all these
factors into consideration, it is not difficult to understand the low performance in this
category.

For the sake of clarity, it is important to reiterate that much of the information used
in the indicator application and discussed in this assessment was obtained from interviews
and discussions with officials and practitioners in the cities in question. This was
particularly useful in interpreting data provided in official reports and documentation and
enabled a qualitative appraisal of the current situation.

6.3 Comparative case study assessment

The following are similarities between Hermanus and Maputo which to an extent enable
comparisons between both cities: both are located near the coast; both are urban centres
dominated by urban activities and accommodate high densities, particularly in informal
areas; both have experienced significant population growth and socio-economic
development in the past decade; and to different degrees both are tourist destinations. The
differences far outweigh the common factors, hence making it difficult to draw significant
comparative conclusions. However as has been mentioned, testing the applicability and
relevance of the indicator at different scales was as much an objective of the research as

Sustainability Index for Integrated Urban Water Management in Southern African cities
Chapter 6: Results and Discussion



tr-14

maintaining comparability, henee rade-otts were requited. Duc o time consiraimts 10 was
nut possible w undertake a thied city assessment, however further assessments should he
cond ueted,

Whilst sccounting fur the subjectivity of an exercise ot this natwre, and the need for
impuling andfor  inferring  data, nevertheless the resulis obtained do nol deviate
significantly from initial performance assumpuons, In the absence of similar ussessments
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ol the indicator developed.

In the interest of simplicity only one set ot welghts is displaced in Table 6.3 and the
following charts. however comparisins belween hoth case studies will be drawn tuking
into account the different weights adopted.
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Ficure 6.6: Comparative sustainabilitv assessment
bewteen Hermuanus and Maputo
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Comparisons between the two case studies and across all 3 dimcensions of sustainability
indicate a large dilference in scores {or Hermanus and Mapulo (Table 6.5} This enables an
extraction of positives which can guide development in Maputo, There are observable
difterences in service provision, tor which Mapulo requires a much more progressive roll-
out of services and upgrades in infrastructure. The ceonomic standings also differ as does
the level of commiiment and capacity to engige 0 environmental preservation: a sound
political environment to enable implementation ol practical protection and mitigation
measures; transparency  and accowstability o management apd leadership: and  the
institutional capacity, management expertise and teehnological progress w deliver on the
b,

In comelusion, the [ollowing observauions are ol note; Brstly, that all hiased
welzhting sets create 4 positive focus on the dimension of concern, partially explaining the
vanations i scores, This s alter all the wtended purpose of differentiating weighls in such
a manper, to reinforce the performance of an area in terms of social. economic.
crvironmental. political or wstitutional aspeets of waler management. Secondly, the
highest score discrepancies are introduced hy the equal and unbalanced weighting set. The
component results in this weight catesory do not conform 1o the geneml patterns,
particularly [or the social dimension of sustainability. This can be explaned by he
significanl number of high scoring variables in this category, which given the equal
varlable weighumgs, result 1o higher component scores. Thirdly. the peneral scores wnd to
conform to the expected performance levels. attesting to the robustness of the indicator in
measuring real silwations, howewer this 15 also bargely dependant on the data. Good guality
data will provide relatively good results. Additonally, the indicator development and
application process is inherently biased and despite the adherence 1o ohjectivity where
possible, the need for quabitative or judement-based decisions make it incvitable that the
indicator reflects the views of those involved in its development. The aim s 1o keep this
subjectivity to a mimmum and clearly state where the case arises. This s to say tht
comparisons with expectlediassumed realites are not sulficient and should be validated by
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other work, The developer intended to apply the indicator it a lower scule: at the district.
und perhaps neighbourhood-level in Maputo, and at the enumerator level in Hermanus.
Fhis would have enabled a more refined analysis of sustaipability, delving deeper into
comumunitly level issues and enabling mapping of the resulls. This was not possible for two
main reasons. The st impediment was the incomparehility of certain data. For example:
wuler supply boundarics contorm to the formul districl boundarics established, however
health dula is devised on the basis ol health care facilitics wvailable and theretore difterent
bonndaries are used. [n other cases, the boundarics ave simply not so dislinel, which is the
case where service facilitios service avross boundurics or signiticantly vary within the same
areas, The second reason 1s two-pronged: the actnal scarcity of dat, ax well as the limited
time availlable for secking and collecting information.

I'he traffic light diagram illusteated in Figure 6.7 recapitulates all the Hndings in one
simple appraisal. and case studies will be accordingly characterised in the table that
follows ( Table 6.4).

Categorics Index scores Measure of sustainability
[ === 0-300% litle/no progress towards sustainability
[ — 30%-50% very low progress towards sustainahility
SR-T g satisfactory progress towards sustuinability
Mol S ) i
70%0-1000%% highly sustainable

Figure 6.7: Truffic light diagraun of sustamability

6.4 Validating the results: exploring other indicators

Table 6.4 provides u comparison of the vesults obtained for the two case stiklics, Hermanus
and Maputo, with those obtuined from other indicators. As a result of the dearth of
indicutors in this ficld of urban water management, particularly at city scale. national
indicator  scores were used. Comparisons were done  ncross  the  dimensions ol
sustainability. and therefore the comparative indicutors selected were largely relevant 1o
onc of the five dimensions of sustwnahility, l'or the social dimension. the Human
Development Index (HDID was selected; for ecopomic considerations the Gross Domiestic
Product (GDP) Index was used: and for environmental concerns. buth the Fnvironmental
Sustainabilily Index (ESI) and the Environmental Performance Index (EPL). In the absence
of global indicators which are indicative ol political and institutional well-being. sub-scts
ul the ESI wlich represent the following aspects were used: plobal stewardship, linked o
political leadership: and social und instituwlional capacity, indicative ol institulional and
technoloical capacity,
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Table 6.4: Comparative assessment between the ST and similar indices

S1 Profile SI Performance ("s)
Sucial A8%%
Leonomic Tty
Enviruneental - 87%
Paliteal B9
Lnstituttonal 3%
4%

Sociul

Higzhly sustainable

raffic light assessment  Other indicators (%) Noles : &
0653 (65%) | HDI (2004 {LINDP. 2005) 3
) 05777 | GO index (per capita) N
6.2%, Fal
62% EP] N )
B 2% Global stewardship -Partictpation i international cotlhibortive offorts
(Fsh o ~Urreenhouse gas emissions
N -Reducing transhoundary environmentsl pressures
5379 Socful and institutional | -Environmentil governance
cupacity (LST) -Evo efliciency

-Privare sector responsiveness
-Seience and technology

CUNDP, 2005)

1,390 (39%a) | HLM (200:4)
040 (40%%) | GDP fdex (per cupitiab
44 8% ksl
45 T LE] .
- 05, 7% Giluhat stewardship
(ESL)
489% Social and institutionat

1%
L]
_Euunumi:: 38 -~
Enviranmental A6y
Melitical Sty
Insticunional 28,
Sl 2%

VETY show Progress

towards sustaitability

capacitv (ESI)

_ - Scierce und technology

-Participation in intermdivnal coltaborunive etforts
-Greenhouse pas emission
-Reducing transhoundary covirotmentat pressures

- Environmentul govemance
- Feo efliciency
- Privare sector responsiveness
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This assessment indicated that there is a high correlation between the results obtained for
the two pilot cities and their relevant country scores for other indicators. There are
significant deviations in the environmental dimension scores for the SI and those obtained
from the ESI and EPI. This is easily explained, as both the ESI and EPI take into account
national assessments of a number of resources and resource management strategies, which
are not represented in the SI. Furthermore, national scores can hide significant regional and
local variations, which have been picked up at the more refined assessment scale employed
in the SI application. In the case of Hermanus, recent studies have indicated an abundance
of groundwater resources at the local level, and this has contributed to the overall positive
score for environmental management, which is not necessarily the case throughout the
country. The political and institutional dimensions also show some discrepancies, and
again this could be explained by the differences in indicators selected to assess these
components. Where the SI components look to a more local level assessment, the
indicators extracted from the ESI follow global and national trends in management and
policy.

The aim was to link this initiative with others introduced elsewhere, in order to
determine the scope for comparison. This was possible, and overall the scores were within
close ranges, leading to the deduction that the results obtained are largely representative of
the current situation and so is the sustainability index.

The following section will close by reiterating and summarising some of the
difficulties encountered in this research, which will then guide in the proposal of future
research imperatives and improvements.

6.5 Constraints and limitations
6.5.1 Pre-planning and data gathering process

® Poor cooperation and reluctance to share information

In some instances, the relevant groups holding information/data were reluctant to
share this for a number of reasons, but ultimately it was attributed to the poor
understanding of the tool and its purpose. Once discussions ensued,
individuals/groups became more interested and willing to collaborate. In South
Africa the individuals contacted expressed an initial disinterest in the index as a result
of an experience of ‘overload’ with this type of tool, some of which have been
‘impinged’ upon municipalities by higher authorities. Suggestions were put forth that
the SI should avoid duplicating much of what has already been proposed and
undertaken in terms of assessment, and therefore should correlate with local
initiatives such as the development of WSDPs.

In the Mozambican context, poor cooperation was founded on social issues,
where people were either not capable or willing to help. The process of moving from
government department to government department and back was extremely tedious
and often unfruitful. In South Africa, a clear communication of the goals and
expected outcomes of the project was in time sufficient to engender cooperation.
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® No information and/or data
Some of the information for the selected variables either does not exist or has been
misplaced and/or lost, in which case certain steps were taken to substitute or impute
data; however this reduced the credibility of the results and the overall confidence in
the indicator.

® Unreliable or inaccurate data
The index is strongly reliant on the accuracy and quality of the data used, so even
where data was available, the source or producers were not always to the desired
standard, but in the absence of better information, such data was used. In future
necessary efforts must be made to ensure good and reliable data from reputable
sources to improve indicator credibility.

® Homogenisation of data
It was the intention of the researcher to explore the aspect of scale, and how suited
the indicator was to different scales. This was possible, to an extent, through the use
of different case study sizes; however it was not possible to explore finer scales such
as district or enumerator levels, for lack of corresponding service boundaries.

6.5.2 Conceptual framework and indicator development

e  Development of the model underpinning the indicator: systems approach

The challenge was not so much in identifying the problem, nor was it in developing
an approach for calculating the indicator. The need for multidisciplinarity, integration
and systems approaches proved to be particularly challenging. The challenge lay in
identifying a model which was both integrative of all aspects of sustainability and at
the same time provided a guided step sequence to building the index. The approach
taken was to use models already developed and tested for the purpose of similar
assessments, and adjust these to match the objectives of this research. This was
ultimately achieved by combining the model proposed by Lundin et al. (2002) and
the Nardo et al. (2005) development process.

Addressing the concept of sustainability demands a paradigm shift from
conventional single-discipline approaches; it requires a departure from conservative
thinking and demands a welcoming of the multiplicity, complexity and even
indeterminacy that characterise reality. Systems thinking and systems theories
acknowledge these varied and complex relations between humans and the
environments, as well as within human spheres. Following on this ideology and
methodology, the challenge was to identify and define the following key aspects and
boundaries:

1. Temporal aspects: The “extended time horizons: linkages within and between
generations” (Ravetz, 2000). While it is important to be thorough in setting the
boundaries and in defining the context for sustainability assessments, in this case the
time aspect required some broadness of view. Due to the limited time available, the
following approach was adopted: a measure of capacity to perform sustainably was
developed which assesses the immediate to short term sustainability of an area across
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five dimensions. But it is the longer term changes which are of greater interest
(within 5 to 10 years and between generations), particularly if one aims to validate
the underlying assumption that this tool can guide decision-makers towards better
management of water. This was not possible within the time scope of this thesis. This
following of trends will ultimately fall to the municipalities or groups tasked with
regular application of the indicator. What was possible was to verify the results
obtained from the SI with trends exhibited in reality and illustrated by other
indicators.

2. Spatial aspects: The “extended physical horizons (linkages from local to
global)” (Ravetz, 2000). Defining the spatial boundaries is also crucial.
Implementation and work at the local level has often shown greater success than at
wider scales. In response to this, one of the key outcomes of the research was to
develop a tool which is scale-relevant. In other words, the index can be applied both
at enumerator, district, and city level, as well as at the national scale. In this research,
application was limited to the city level, however it is proposed that in future, this be
tested at all scales mentioned above. While the index does not directly represent the
local and global links, the literature review as well as the study of global indicators
did serve to highlight some linkages.

3. The “extended causal chains: from upstream pressures to downstream
impacts” (Ravetz, 2000). This idea of identifying the ‘offenders’ and the ‘victims’
was explored, albeit indirectly. The indicators explore the overall well-being of the
system and its inhabitants, and therefore indirectly illustrate unsustainable practices,
and those accountable for such. Identifying the causal chains is also dependant on the
scale of application: at national scale, neighbouring countries can have an impact on
the country in question, as is the case of South Africa, Swaziland and Mozambique;
the same can be said of the city, district and neighbourhood levels. However what is
pertinent is the scope and extent of such impacts at different scales and the required
capacity to address these.

4. The “extended sectoral boundaries: linkages from environmental to human
activities” (Ravetz, 2000).

5. “Extended value systems: a multiplicity of social, economic, political and
cultural perspectives” (Ravetz, 2000).

Both of these concerns are embodied in the indicator through the inclusion of all
dimensions of sustainability; however it was not possible to address all the linkages
as these are many and varied, as well as being responsive to the dynamism in
societies and environments. Understanding this, the developer proposed to include
the more pertinent links which have visible or threatening impacts, nonetheless this
leaves countless more avenues for exploration.

Communication, consultation and participation

Not only do indicators help guide policy development but they also help to identify
management areas of concern, and hence help guide in ‘concretising and moulding’
appropriate policy (Valentin & Spangenberg, 2000). The result is that indicators
cannot be developed singularly, as this not only defeats the purpose of systems
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thinking but most certainly will fail to assess general priorities and broader
requirements to be measured. Undeniably, the approach to indicator development
must take due cognisance of the technical methods and scientific aspects, however it
must go beyond this to not only consider other less technical sciences but also
endeavour to be more open and collaborative. Development of the SI was largely
based on a desk study and the exploration of literature. This failing is certainly
acknowledged and where possible consultation with other stakeholders was
undertaken, however this was limited by both time and resources. The
recommendation therefore is that in future, greater participation and consultation be
encouraged and actively sought.

Qualitative rather than quantitative data

Given that the indicator is strongly number-oriented, accuracy favours the use of
quantitative data. The lack of data in this regard has deemed the use of qualitative
assessments very important and therefore concessions were made for this as well as
for the ‘less accurate’ nature of the results.

The use of proxies

The use of proxies is yet another concern; direct measurements of systems
characteristics were not always available. Some of this information can be difficult
and costly to measure, it may be too abstract or simply impossible to measure, it may
be subject to qualitative assessments; expert opinion; or simply lost/misplaced.
Where this was the case, proxies were used instead.

Variable, sub-indicator, component selection

Assessments of sustainability often deviate from real-world phenomenon in that these
rely on quantifiable and determinate measurements, whereas in actuality
sustainability is characterised by indeterminacy, complexity and diversity (Ravetz,
2000).

Issues of indeterminacy and multiplicity are key to considerations of
sustainability. The term indeterminacy, with its genesis in the area of quantum
physics, has permeated many fields of science and related studies. One can refer to
indeterminacy as a result of technical uncertainties and/or irresolvable uncertainties
such as cumulative impact assessments and structural indeterminacies. The bottom
line is that indeterminacies arise due to the impossibility of accurate measurement, a
fact which is common in assessments of sustainability (Ravetz, 2000). Multiplicity on
the other hand explores the very nature of sustainability, a concept so deeply
entrenched in the every day reality for which it is possible to observe a myriad of
inter-linkages and connections, and which accounts for the diversity in human
perceptions, and ideals of sustainability (Ravetz, 2000).

With regard to indeterminacy, several statistical techniques which might
improve the uncertainty and robustness of the index were explored; however this was
only possible in theory. The issue of multiplicity was addressed almost singularly,
presenting the views of the developer, and therefore the indicator is but one of the
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many possibilities, representing the developer’s subjective perception of
sustainability.

Scoring system: incommensurability of data

In order to aggregate variables and overcome the issue of incommensurability, all
variables were converted to a common 0-5 scale, irrespective of their unit of
measurement. However this scale in itself is subjective, a more refined scale could
have been chosen, making it possible to identify smaller variations in indicator
scores. Furthermore the ascription of scores to variable ranges or categories was also
subject to the developer’s interpretation of the indicator and a personal value-base. In
other words, where specific standards or targets were not available to assign end-
points, both the end-points and intermediate ranges for each index were subject to
interpretation.

Weighting system

Variable, indicator and component weighting is always an issue for debate and as
such generates significant criticism. This i1s simply because spatial and temporal
priorities will ultimately inform the importance given to one or another aspect of the
indicator, but also because ultimately weights are determined by few on matters that
affect many. It is therefore not possible to say with certainty that one set is more
appropriate than another. To address this issue, the developer proposed several
weighting schemes; nonetheless there are many more possibilities which went
unexplored. The suggestion is that where possible, both statistical analysis and
stakeholder consultation be employed to determine appropriate weights.

Robustness of the indicator

Testing to see whether an indicator is in fact robust and can provide a good measure
of sustainability is an important step of indicator development. Two aspects are of
particular concern: the uncertainty due to missing data or degree of error due to
missing data; and sensitivity due to model assumptions. Owing to the limited number
of case studies it was not possible to employ statistical methods; however qualitative
assessments of indicator robustness were carried out.

User friendly and user relevant tool

The case for a single-number assessment has been strongly made, however,
irrespective of this and in spite of the clarity of such an instrument, it is not adequate
to inform on sustainability, support policy debates and policy formulation, and detail
progress (Ravetz, 2000).

In this research both the final index, as well as the sub-component performance
scores were presented, in order to ensure clarity and transparency in reporting. The
tool was developed for wider awareness creation and propagation therefore it was
also necessary to create some form of user interface, enabling others to make use of it
in future. In light of this a programme was developed, and is currently at beginning
stages of design. SI 2007 is a tool to facilitate the application of the index and attract
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greater attention to this initiative. It will however require upgrades with every
modification to the index, as well as refinements to ensure greater ease of operation.

Is the index widely applicable or is it too conditioned to the case studies?

The question of whether the SI is widely applicable arises because the indicator was
developed and tested with two case studies in mind, both a deliberate and
consequential outcome.

In developing the index and selecting the indicators, it was important to set
selection criteria to ensure that indicators represented the desired conditions and
provided the measurement needed for cities in Southern Africa. To enable a broad
application of the indicator beyond the scope of the two case studies, selection
criteria were broadly inclusive of the problems in developing countries, as were the
indicators selected. In the case of alignment with policy and legislation, a broad view
was taken rather than an exploration of individual country or even city policies. This
was tested for the scenarios in question, by comparison with local initiatives, but
given that the indicator provides great flexibility, this is an aspect that can change to
suit the country or city in question. A third case study assessment would have helped
to resolve some of these issues; however it was not possible to conduct research on a
third city. This will be included in the recommendations provided in chapter 7.
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7. Conclusions and recommendations

7.1 Summary of findings

This initiative set out to explore the possibilities for improved management and integration
of activities in Urban Water Systems, so as to ensure the efficient delivery of services and
appropriate accounting of human impacts on the environment. The research endeavour has
its genesis in an initiative undertaken at the University of Cape Town. Poor access to
water and sanitation, and the socio-economic and environmental effects of this have
demanded the attention of policy makers, governments, academics, practitioners,
businesses and civil society at large. It has provided the guiding aspect for many research
enterprises such as this, of which the Millennium Development Goals are of particular
relevance as they have introduced significant targets for the provision of basic services at
the scale necessary to stimulate activity and change. The achievement of such goals,
however, begs the question of how one is to assess current performances and measure
progress. Indices have provided valuable insight into the current performances of cities and
nations, tracking their progress with time and enabling spatial benchmarking to highlight
the leaders and laggards in this move towards sustainability. The recognition of the
potential of indices as assessment and awareness creation tools has in many respects led to
the development of this sustainability index.

The assumption made here is that shortcomings in service provision and
management of water resources can be largely attributed to a failure in addressing the
interrelatedness and the need for integration in the management of the same. The SI
assesses the possibility of cities becoming more sustainable by drawing on the various
connections which link the different aspects of Urban Water Management. This was done
with the aim of shaping more sustainable cities of the future, by highlighting current
unsustainable practices and proposing viable avenues for improvement. It is important to
state outright that there was an initial bias towards the use of a simple composite index
which could aggregate and weigh up the relevant issues highlighted. Alternative options
were explored during the course of this research; such as the possibility of providing a
group of indices as the final step rather than one final aggregate. The conclusion was that
the provision of a final composite would not detract from the component analysis and that
the simplicity and desirability for a single number would ultimately generate greater
attention for the underlying issues.

Towards the fulfilment of the scientific and research objectives of the research
defined in Chapter 3, the researcher adopted a methodology for the development of the
index, applying the following steps:

e  Exploration of international and local literature to familiarise oneself with the
relevant concepts and theories, as well as identify current trends in the development
and application of indices.

e  Development of a theoretical framework: this enabled the researcher to provide
clarity on the objectives of the research, highlight the multidimensionality inherent in-
assessments of sustainability, and discuss the dimensions of sustainability and their
usefulness, as they were applied here.
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e  Adjustment and validation of the index through the application of selection criteria,
as well as through comparisons with existing local indices.

e  Addressing the issue of weights and aggregation of components through the
application of differentiated weightings, in the absence of more comprehensive and
consultative approaches.

e  Addressing the issue of space, scale and time to define the boundaries of research.
The issue of scale was addressed through the application of two distinctive case
studies. Similarly, the notion of spatial differences was addressed through the
benchmarking of two cities. Temporal boundaries were restricted by the time
limitations of this research as well as the time scale for change to manifest.

Following on the development of the index, two case studies were selected, in order to test
its applicability and usefulness in real case scenarios. The two case studies; Hermanus in
South Africa, and Maputo in Mozambique; were briefly described to provide the reader
with a broad of view of the status quo in each setting. This then helped to confirm some of
the results obtained from the trial applications and ultimately validate the indicator
developed.

The results indicated that Hermanus performs well across all dimensions of
sustainability, being able to maintain a balance between the needs of society and the
preservation of the environment. Such a performance has been supported by a good supply
and maintenance of resources, both natural and man-made, including also managerial and
monitoring capacities. Maputo on the other hand demonstrated a significantly different
performance; it received mediocre to low scores on almost all aspects. These results were
not entirely unexpected; in fact this approximation to the observed reality corroborates the
assumption that the development of a sustainability index can identify those areas in Urban
Water Management which are unsustainable and by doing so, guide the relevant decision-
makers towards more sustainable practices.

This research is ultimately geared towards guiding better management of resources,
more efficient provision of services, and improved management of the environment. As
such, the tool was developed for wider use. For this reason, and in addition to the basic
Excel sheet used, another tool was developed in order to communicate the issues
represented by the index in a clear and concise manner, avoiding the confusion of the
underlying technical aspects. The preliminary SI 2007 tool provides such a solution,
enabling the general public to make easy use of the index.

In addressing the ‘dimensional’ objectives of the research; social, economic,
environmental, political and institutional; the precepts of sustainability were structured into
the indicator framework, enabling a representation of major issues related to urban water
management.

The indicator and its constituent parts serve to expose some of the issues prioritised
in the objectives, such as; creating awareness, exposing and linking problems and
priorities, emphasising the role-players and relevant stakeholders, and highlighting (with
the potential of tracking) performance towards what could be sustainable development,
according to the goals and targets set.
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7.2 Recommendations:

The outcomes of this research were two-fold: firstly, the development of an index was
undertaken; and secondly the index was tested through its application to two case studies.
Recommendations will be proposed in two parts. To reinforce the usefulness of the tool,
recommendations derived from each case study application will be made, and this will be
followed by recommendations for the overall improvement of the index.

7.2.1 Recommendations for the improved management of urban water
systems in Hermanus and Maputo

The following recommendations pertain to those areas which demand the most immediate
responses, from which gains elsewhere can then be derived. These have also arisen as a
result of comparative assessments which show where and how improvements can be made
by adopting similar approaches and technologies.

7.2.1.1 Social dimension

e  There is need for improved service delivery in Maputo; in terms of coverage, quality
and reliability of supply. Wider coverage to peri-urban areas needs to be addressed
more efficiently; supply hours per day must also be increased; issues of pressure and
consistency of supply must be dealt with to ensure the quality of water.

e  Qreater emphasis must be placed in establishing safety nets and post disaster
management measures in Mozambique, to mitigate the impacts of natural disasters by
addressing; inadequate supply of water, inappropriate sanitation facilities, lack of
shelter and insufficient food.

e  Partnerships between civil society — SSIPs (Small Scale Service Providers) — and
public utilities can be key in addressing the gaps in service provision and should be
established. This should be pursued in the case of Maputo, where the water utility
company (AdeM) is planning to increase coverage to peri-urban areas, where small
scale providers operate. The social and economic benefits are evident, but in addition
this is in the interest of avoiding public conflict.

7.2.1.2 Economic dimension

e  An assessment of the impact of water tariffs on the ability to pay for services must be
inclusive of the tariffs charged by service providers other then the utility companies,
as these are often the sources that charge the most. This becomes particularly relevant
where alternate providers are key to the acquisition of water for subsistence. This is

the case in Maputo.
e In Hermanus, tariffs need to be widely and effectively disseminated to all consumers,

not only to higher income groups. This will ensure that lower income groups are
aware and make use of the lower tariffs, designed for their particular needs.
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® The issue of cost recovery is one that is pertinent in both scenarios; however
unacceptably high rates of UFW as well as low rates of payment in Maputo
jeopardise the economic sustainability and self-sufficiency of the system. The same
applies to sanitation, drainage, and waste collection. Repairs and replacements of the
older parts of the water supply network must be undertaken with more urgency and
expediency in Maputo. Wider coverage will also ensure that there are fewer illegal
connections, which contribute significantly to both UFW and NRW.

7.2.1.3 Environmental dimension

e In Maputo, environmental preservation measures are at best considered an after-
thought, secondary or tertiary to more pertinent social and economic considerations,
to the detriment of the environment. It is recommended that two issues be addressed
in the near future: firstly, the overall management of wastewaters, particularly
treatment and disposal, must be re-introduced/re-enforced to ensure compliance with
minimum standards and decrease pollution to receiving systems; and secondly,
greater awareness and dissemination must be undertaken to ensure that the burden on
managing institutions is reduced.

e  For Hermanus, a continuation of good current practices is proposed, however the
municipality and public institutions (schools) must pursue education and training
initiatives to enable society to become a collaborator in the management of water
rather then a contributor to the wasteful and pollutive practices which exhaust fresh
water resources,

7.2.1.4 Political dimension

e [t is necessary to introduce greater public consultation measures and encourage
stakeholder involvement in the planning and provision of services in order to tackle
corruption, the lack of transparency and low accountability in Maputo. Although to a
much lesser extent, perhaps at pilot scale, a system similar to that adopted in Brazil
(participatory budgeting) could be investigated, where the public is, to an extent,
involved in decision-making.

o In Hermanus, there is need for wider inclusion of all groups of society, and
consideration of the ‘greater good’ and not only the good of those who can pay. To
this effect, community representation and consultation in planning considerations and
budget allocation, is proposed.

7.2.1.8 Institutional dimension

e In both cases, the issue is one of under-capacity, although for different reasons. In
Maputo, the actual man power, and the skills and expertise are lacking. To address
this, more extensive training (compulsory), as well as recruiting, of staff is needed. In
Hermanus, the case is one of a shortage of staff in the face of increased
responsibilities. This also demands recruitment but there is less emphasis on the ‘re-
education’ of entire staff and teams.
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Ultimately, all of the above points depend largely on the financial resources available to
ensure the two main denominators; greater investments in infrastructure and management
capacity.

7.2.2 Recommendations for future research

The following are recommendations for the improvement of the indicator, in order for it to
be more relevant and reliable:

e  Engagement with relevant stakeholders and experts to identify pertinent issues and
formulate appropriate indicators.

e  Vary indicator selection and test SI applicability to the selected two and other
relevant case studies; maintaining flexibility and adaptability.

e  Develop weighting schemes through the adoption of a more robust methodology for
selecting weights. It is recommended that, where possible, a combination of
stakeholder input and statistical analysis be employed.

e  Ensure the quality of data used, and where this is not possible either eliminate the
variable/index/component, or provide relevant proxies for which quality data is
available.

® Undertake a wider application of the index and broader testing to a variety of
settings to determine the applicability and use of index. More detailed sampling will
also enable the application of statistical techniques to validate assumptions made in
the development and application process.

e  Apply statistical analysis methods to gauge the sensitivity and uncertainty in
underlying assumptions as well as due to data gaps (imputation).

e  Test the issue of scale by applying the index at local (neighbourhood, district) and
national level rather then simply at city level. Explore the option of scaling up or
down; firstly, as the indicator stands and secondly by readjusting the structure to suit
the context. This might result in different indices for different scales.

e  Address the temporal dimension by tracking progress over time and maintaining
good records. It is proposed that the indicator be applied on a yearly basis. This will
enable recording of relevant changes, and can be aligned with specific institutional
annual cycles to ensure commonality of interest and increase potential for acceptance
and use. Regarding temporal boundaries, it is also important to identify past trends,
and determine how these have influenced current behaviours and events as well as
what effects these can have in future practices.

e  Alternative methods for calculating the index should be pursued to determine
whether improved results can be obtained and/or whether less data intensive, hence
resource-exhaustive approaches are possible. This also involves the investigation of
whether a set of indicators is more appropriate for a particular setting rather than the
composite index as used here.
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7.2.3 Recommendations for institutions linked or interested in the
research

e  Qreater emphasis must be placed in the collection and storage of data, but more
importantly, there is need for continuity in this process. It must not be a once-off
endeavour which is driven by particular research objectives or a specific project.
Many of the variables considered here require a considerable number of yearly
records to provide an actual measure of change. It is therefore proposed that data
collection be undertaken by a dedicated team or incorporated into the work
performed by organisations involved in similar work.

¢  Complementarily, there should be wider inclusion of Sl-related questions in formal
data collection exercises such as:

1. School level questionnaires.
2.  Community polls.
3.  Water-related questionnaires of surveys at national level i.e. National Census

This is to avoid duplication of initiatives and where possible make optimal use of
existing resources.

e  Aside from the actual pursuit of information, organisations directly involved with the
collection of data and tasked with monitoring i.e. CRA in Maputo and Umvoto
(temporarily) in Hermanus; must ensure that the data is widely accessible to the
public. The difficulty in accessing data is perhaps the biggest contributor to an
uninformed public.

e It is proposed that other researchers elsewhere undertake further work in the
development of indices in this particular field of study, to enable comparisons and
allow for the verification of results obtained.

o  Develop and disseminate specific targets/target ranges for some of the issues raised.
Initiatives such as the MDGs as well as the target dates adopted by African countries
for the introduction and implementation of IRWM approaches are good examples of
this.

o  Improvements in quality data collection and storage are needed: regular updates and
more indicators for better information. This must be undertaken by qualified and
skilled personnel who will ensure the quality of data and will report on potential
sources of error.
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Appendix A
Breakdown of the sustainahilily and risk indices (Stoeckigt & Snock, 2006)
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Appendix B:

13-1

Improving water and sanitation towards the fulfilment of MDGs
(W TIO & TTNTCEF, 2004 TIN, 2006a; LIN, 2006h)

MDGs

Contreibution  of improved  drinking  water  and
sanitation to MDGs (CNICEF & WHA))

Additicnal comments (D
Carvalho, 2007)
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B-2

diseases

- The reliability of drinking water supplies and improved
water management in human settlement areas reduce
transmission risks of malaria and dengue fever.

ability to resist HIV/AIDS
(less vulnerable immune
systems).

Goal 7: Ensure
environmental
sustainability

- Adequate treatment and disposal of wastewater
contributes to better ecosystem conservation and less
pressure on scarce freshwater resources. Careful use of
water resources prevents contamination of groundwater
and helps minimize the cost of water treatment.

Goal 8: Develop
a global
partnership for
development

- Development agendas and partnerships should
recognize the fundamental role that safe drinking water
and basic sanitation play in economic and social
development
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Appendix C:
Matrix of indicator compliance with selection criteria

Indicator/Criteria | a b c d e f | g h i i k 1 TOTAL
1. 1 1 1 1 1 1 1 1 1 1 1 11
2. 1 1 1 1 1 1 1 1 1 1 1 11
3. 1 1 1 1 1 1 1 1 1 1 1 11
4. 1 1 1 1 1 1 1 1 8
3. 1 1 1 1 1 1 1 1 1 1 1 11
6. 1 1 1 1 1 1 1 1 8
7. 1 1 1 1 1 1 1 1 1 1 1 1 12
8. 1 1 1 1 1 1 1 1 1 1 1 11
9. 1 1 1 1 1 1 1 1 1 1 1 1 12
10. 1 1 1 1 1 1 1 1 1 1 1 1 12
11, 1 1 1 1 1 1 1 1 1 1 1 1 12
12, 1 1 1 1 1 1 1 1 1 1 1 1 12
13, 1 1 1 1 1 1 1 1 1 1 1 11
14, 1 1 1 1 1 1 1 1 1 1 10
15. 1 1 1 i 1 1 1 1 1 1 10
16. 1 1 1 1 1 1 1 1 1 9
17. 1 1 1 1 1 1 1 1 1 1 10
18. 1 1 1 1 1 1 1 1 1 9
19. 1 1 1 1 1 1 1 1 1 1 1 1 12
20. 1 1 1 1 1 1 1 1 1 1 10
TOTAL - - - - - - - - - - - -
Criteria
Sub-indicators a. Policy relevant and meaningful
1. Access to water supply 11. Sustainability/Feasibility of water sources b. Scientifically sound methodology and metrology)
2. Access to sanitation 12. Use ¢. Representative of real conditions (multidisciplinarity) and desired outcomes {goal oriented)
3.LOS 13. Wastewater management d. Understandable, easily presented and interpreted
4. Vulnerability to disasters 14. Stormwater management ¢. Show trends over time and responsive to change
5. Health 15. Compatibility of water supply with surroundings f. Based on reliable and available or easily obtainable data (both quantitative and qualitative)
6. Education and awareness ~ 16. Compatibility of sanitation systems with surroundings g. Enables benchmarking or cross-comparisons
7. Capacity 17. Environmental stresses h. (where possible) covers a range of issues (Interlinkages)
8. Cost recovery 18. Governance i. Adaptable/flexible
9. Investment levels 19. Compliance with policy j. Complement existing monitoring and management initiatives
10. Freshwater resources 20.Institutional and technical capacity k. Literature review and group effort

1. Stakeholder input

Sustainability Index for Integrated Urban Water Management in Southern African Cities
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Appendix D:
Correlation of Sustainability Index with WWAP indicator issues
(Walmsley et al., 2004; annex 2)

High: The same or similar indicators used

Medium: Comparable indicators used

Low: Indicators differ however can be representative of the same conditions (even if
indirectly)

None: No representation of this indicator

WWAP Indicator Corresponding SI sub- Degree of
indicator categories correlation
WWAP challenge areas: 1 Meeting basic needs HIGH
Access to basic sanitation infrastructure ) High
Affordable access to water (1) High
Capital expenditure on water and sanitation (9) High
Operating expenditure on water and sanitation (9) High
Service providers meeting reliability requirements - None
Service providers meeting water-supply quality - None
requirements
Actual and total sanitation coverage, global, urban and 2),(3) High
rural breakdown
Actual and total water-supply coverage, global, urban M, 3) High
and rural breakdown
Distribution of unserved people: sanitation 3) Medium
Distribution of unserved people: water supply Medium
Incidence of cholera in the world (5) Low
Access to improved drinking-water sources and M, (10) High
extension of piped water
Burden of water-associated diseases (expressed in (7D Medium
DALYs) with comparative risk assessment
Fraction of the burden of ill-health resulting from (10 Low
nutritional deficiencies, attributable to
water-scarcity impacts on food supply
Investment in drinking-water supply and sanitation (9) High
Percentage of health impact assessments (HIA) of - None
water-resources development and compliance with HIA
recommendations
WWAP challenge areas: 2 Securing food supply LOW
Agricultural water use by country (6.3), (12) High
Area equipped for irrigation vs. total arable land by - None
country
Area of arable land (whole world) - None
Average food price (whole world) - None
Average grain yields (whole world) - None
Average per capita food consumption (whole world and - None
regions)
Consumption of livestock products (regions) - None
Cropping intensity (whole world) - None
Fish consumption (marine, inland and aquaculture - None
[whole world])
Irrigated area (regions) - None
Lending for irrigation and drainage (whole world) - None
Number of chronically hungry people by country - None
Water used for irrigation: net and gross (whole world) {6.3), (12) High
Agricultural subsidies - None
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Breakdown of food consumption into cereals, oil crops, - None
livestock and fish

Food imporis/exports between regions - None
Productivity: $ or vol./m, efficiency, jobs per drop (6.4) Medium
Proportion of crops marketed at government-controlled - None
prices

Total investment (private, state, development agencies) - None
in irrigation and drainage

Water used for irrigation (net and gross, groundwater - None
and surface water); informal (supplemental, spate, local

water harvesting)

WWAP challenge areas: 3 Protecting ecosystems MEDIUM
Area of wetland drained - None
Biological assessment (perturbation from reference - None
condition)

Biological water quality (based on community (10),(13),(14) High
response)

Commercial or other fisheries catch - None
Compliance with water-quality standards for key (13),(14),(15) Low
pollutants

Degree of river fragmentation - None
Emissions of water pollutants by sector - None
Food production trends - None
Hydrological indicators (flow, etc.) (13),(14),(16) Medium
Land converted to agriculture - None
Levels of endemism - None
Living Planet Index - None
Numbers or presence/absence of non-native (alien) - None
species

Numbers/proportion of threatened species (critically - None
endangered)

Rapid Biodiversity Inventory - Conservation - None
International/Field Museum AquaRAP

Terrestrial Wilderness Index - None
Formation and empowerment of regulatory or other {20) Medium
institutions

Reporting procedures in place at the national level (20) Medium
Restoration schemes - None
Sites/species afforded protection by legislation - None
Uptake of strategies/legislation uptake for (19) Medium
environmental protection

WWAP challenge areas: 4 Sharing water resource MEDIUM
Annual flows to the world’s oceans - None
Basins of high/medium water stress (abstraction as - None
proportion of river flow)

Countries using the largest quantities of desalinated {an Low
water and treated wastewater

Country data on water resources (20.8) Medium
Dependence of country’s water resources on inflow (1 Medium
from neighbouring countries (inflow as ratio of total

water availability)

Global hydrological network - None
Groundwater use for agricultural irrigation an Low
Largest rivers in the world by mean annual discharge - None
with their loads

Long-term average water resources (10 Low
Mean annual precipitation - None
Number of international basins - None
Number of treaties/cooperative events for international 0 Medium

rivers
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Shared aquifers: number/resource volume/conflicts
relating to changes that might suggest international
basins where there is a shared aquifer

None

| agriculture

Water availability versus population (10) High
World maximum point rainfalls for different durations - None
World’s largest groundwater systems - None
Biological contaminants (E. coli/thermo-tolerant - None
coliform)

Demand changes (sectoral) and distribution (10), (12) Medium
Existence of law for judicious distribution of water (19) Medium
Mechanisms for sharing within country (20) Medium
(allocations/priorities) both routinely and at times of

resource shortage

Naturally occurring inorganic contaminants: fluoride - None
and arsenic

Organic pollutants load - None
PDSI or aridity index (moisture index) - None
Proportion of water use by industry, agriculture, and (12) High
domestic sector

UNESCO/TAEA/TAH/ECE Groundwater Index - None
Use/yield { Yield = £ (Q, variability in both space and - None
time, storage)}

Water policy accounts and statements {19 Low
Water stress threshold map (10),(17) Medium
WWAP challenge areas: 5 Managing risks HIGH
List of severe natural disasters since 1994 4 High
Major drought events and their consequences in the last 4) High
century

Trends in causes of food emergencies, 19811999 4) High
Trends in great natural catastrophes ) High
Budget allocation for mitigation of water risk (total and

% of total budgets/yr.)

Legal and institutional provisions for risk-based (4.8) High
management (established/not established)

Losses: country and basin level data, by region and 4) Low
globally, in human life (number/yr.), in real and

relative social and economic conditions

Number of people living with 100-year flood. - None
Vulnerability map based on the proportion of land

within | km of river with siope

Other than water-related risks (% of losses from C)) High
seismic, fire, industrial and civil-stability risk)

Population exposed to water-related risk (number of - None
people/yr., income groups)

Risk reduction and preparedness action plans - None
formulated (% of total number of countries)

Risk reduction in flood plains (% of total flood plain - None
populations)

Risk-based resource allocation (country, international - None
organizations {yes/no})

WWAP challenge areas: 6 Valuing water HIGH
Water tariffs (8.4) High
Annual investment in urban and rural sanitation 9 High
Annual investment in water for agriculture, water - None
supply and sanitation, environment and industry

Comparison of the price of water from the public - None
utilities and informal water vendors

Level of cost recovery for urban water supplies (8) High
Level of cost recovery for water supplies for - None
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Price of water from municipal water-supply systems (84) Medium

Sources of investment funds (94) High

Average price of water in rural water- supply systems - None

Price of water charged to farmers for irrigation - None

Sewerage charges - None

WWAP challenge areas: 7 Governing water wisely HIGH

Existence of defined water rights 19) High

Existence of institutions (water- resources authorities) 20.2) High

responsible for management (including issuing

abstraction and discharge permits)

Existence of water-quality standards, for effluent (13),(14),(15) Medium

discharges, minimum river- water-quality targets

Asset ownership properly defined - None

Defined roles of government (central and local) (18.3) High

Existence of legislation advocating Dublin principles {19) High

Existence of participatory framework and operational 6) Medium

guidelines

Financial commitment for IWRM adoption (20) Medium

Institutional strengthening and reform (post-1992) - None

Numbers of instances when water- service providers - None

experience a raw water shortage

Private-sector involvement and stakeholders’ - None

responsibility established and implemented

Water quality in rivers, lakes, etc. (10} Low

WWAP challenge areas: 8 Water for industry LOW

Competing water uses for main income groups of €)X¢)) Medium

countries

Contribution of main industrial sectors to BOD - None

production in high income OECD countries and in low

income countries

Economic value (in US$) obtained annually by industry - None
er cubic meter of water used

Industrial water efficiency - None

Industrial use of water per capita by total developed - None

water per capita

Pollution from industry - None

Reuse/recycling 1)) Medium

WWAP challenge areas: 9 Water for energy NONE

Deployment of hydropower - None

Distribution of households with access to electricity in - None

43 developing countries

Installed hydro capacity - None

World’s electricity production - None

Access to electricity: rural and urban coverage for the - None

whole world

Efficiency/Productivity (output per ms) - None

Per unit cost of renewable and nonrenewable energy - None

sources

Use of water in thermal towers and competition with - None

other uses

WWAP challenge areas: 10 Ensuring the knowledge MEDIUM

base

Density hydrological monitoring stations worldwide, - None

by region

Expenditure on ICT - None

Gross enrolment at primary school 6),(7) Medium

Iiliteracy rate @) Medium
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Number of hydrological monitoring stations, by World - None
Meteorological Organization (WMO) regions

Number of television sets and radio receivers per 1,000 - None
persons

Research and development expenditure for selected - None
countries

Newspaper circulation per 1,000 inhabitants 6) High
No. of water-resources institutions (20) High
No. of water-resources scientists - None
Number of websites with available information on 6) High
water-resources countries Xx

Water topics in school curriculum 6) High
challenge areas: 11 Water and cities HIGH
Child mortality rates: deaths per 1,000 live births (5) High
Children < 5 years: diarrhoeal diseases linked to (5) High
inadequate water and sanitation

Industry and commercial: m’ per day - None
Mega cities around the world - None
Proportion of urban populations with access to (1) Medium
“improved” water supply and sanitation

Sanitation: access to “improved” sanitation - %, (3) Medium

sanitation: sewer connections - %, solid waste
collection - %

Water consumption levels: Domestic: litres per capita (12) Medium
per day (Ipcpd), water meter tariff (punitive structure
aimed at reducing water thefts)

Water-impounding reservoirs (dams): supply volume - None
ms per year

Water source (river) distance from demand centre: % > ¢))] Low
8 km, inter-basin transfer: %

Water supply cost per litre (8.4) High
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Appendix E
List ol Reports

F.b: Tast of sources and docomentation Tor Hermanus

Sonrces

- hata

Li-1

Llmvoto Africa

- Water souree development sl managemant plan Jor the Greater

Hermanus Area, Overstrand Mumcpality: Tneeption report {2002,

Compendium reperl (20045,

 Reports (2005-2006)

Seuping reparl (20405), Moniterinyg

GLs " - Overstrand Waler Services Develapment plans 2003
= Investisution inte the application ol desalination fur the supply ol
potable water i the Owverstrand . Hermanus area, 2004
= Overstrand municipal spatial development framework: Volume 2:
Dievelopment strateoy, 2006
SRK = Personal communicution
| M inham Shands L - Integrated Water Resource IManning Study. 2441
| Africon - Sanitation backlog stidy for the Western Cape Province, 2006
WAL - Aerial photography

- Working lor water provramms (maps, plustography and reporisy

Erverstrand Muonicipality

- Complementary water studics

- Imlegrated Trevelopient Man (1007
- Strarepic Development Framework (5007}
- 20042005 apd 2005-2006 Cherstrand Municipality budzels

- Service delivery intormation

Arou (il

wirhs)

Monitring data o WWTPs {Hernmams and  Flaseston treatment

S E(is,
Lngineering
TLCT Library:

u South A firica

il

Statistivs

Erveritrund: backgzround sty

2007 Census datu
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E.2: List ol sources and documentation [or Muputo

Sources

Dt

Mimham Shands

Loimvete Africa

- Jivint Mapulo River Basin Study, 2005
- Muogambique Warer Information- Building Block 3, 200k
- Selsmic activity in Mosambique

Al Water Lty

S CMM [Mapuw
| Municipal Council )

- Ciy maps ilfustrating waer distribution and sourees

- Annual Repores (interng] progress reports b 2005, 2004, 2003, and 2006
Dircetor plan; diagnostic characterisation of current situation and

definition of aoals and ohjectives, 2007

- Regulavion of the public sanitation and drainage sysients {or the Cigy ol

Mapure, 2003,

- Strategic Sanilation Plan for 7 municipalitics: Drall stralegic sanitalion

plan for Mapure, 2007

- Terms of reference: Consulting lur the claboraton ol a director plan lor

sunitabion in the city of Mapuato, 2007

MNA (National Warer
DHreclorle)

FIPAL

- Stormwater drainagze management for Maputoe City, 1984

- Revicw of water rosources of Mapuile Provinee, 1984

- Groundwater exploration in the area of Maputo, Mozambigque, | 989

- Indicaters and monitering critetla in the disrriburion of water for
Maputy City

= ot Bmibelusi Biver Basin Study: First Xational Water Development
Project NWIP 1. 2005

- Becond Natlongd Water Lievelopment Project NWDP L Hehabiliaion
al the warer supply nebwork to wider Mupuro, 20035

| Water Aid

- The development of Maputo Saniration seryices

C - Water, Sunitation and Hyeiene Programma: PIO WASH 2007-200%

{prepared in 2006}

- WASAN Mapulo: sanitalion cuverage dala tor Costa do 5ol Albasine.
Mahotas, FPEA, and Hukene B, in Mapto City,

- Comnunivy prolile study regardimg hyeiene and saniiation practices in
the neighbanrhouds of Tanlune, Mabotas, und Flulene A and B in the
city of Mapulo, 2006

- Water and sanitation project: sumimary report for Costa do Sol and

Albasie,

- Woater supply covergge in Mozambigue: Who is covercd and at what

- lewvel ol service,

Compilation of reports oo METY

CRA
LN

- Beneficiary assessment study 20007
- Elealth census fur Mozambrigque, 2003
= THVAAIDE previlence duty Tor 2004

- Beview of the Ministry of 1lealch child mestabity datas main findines fior

F OG- {04

- Country Lvalualion: Assessiient of development results; Muozambique,
20

- Mocambigue country coopenilion report, [995-200

- Maocambique: Lnited Nutions Development Assistance Iramework

[~a
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{(UNDAF), 2002-2006
- Mozambique; 2005 Human Development Report: Achieving the
MDGs; development up to 2015

UNICEF - Facts sheets for Mozambique
- High resolution photos and maps
INAM (National - Review report of the cyclone situation in Mozambique for the period of

Institute of
Meteorology)

1998 to 2006
- The Mozambican floods of 2000: (Chapter 4 of the review report)
- Maps of the distribution of cyclone events in the Indian Ocean

INE (National Institute

- 1997 census data

of Statistics)

World Bank - BPD (Building Partnerships for Development) Sanitation series.
Sanitation Partnerships: Maputo case study

MISAU (Ministry of - Facts sheet on water-related diseases and HIV/AIDS prevalence in

Health) Maputo

INGC/CENOE - Summary report on 2001 floods
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Elretha Louw

Appendix F:
List of individuals comtacted. interviewed and potential sources of information for [lermunus and Maputo
Name Occupation | Contact | Institution | Comments
Infrastricture Design and (021 446 2336 (dircet ling) Adricon Infemitional MSe: Natral Scienees’ Disaster
Managemem salutions {02 1) 446 2500 Muamigzemen. Cape Town
082 800 /984 PhD Topic: Tine fnnact of

" Brent Wheeler
Prol. Bruce Hewitson:

Water losses specialit

Llrctha‘Tafricon co.7a

(8123427 2000

(02136302878 rax
2 11630-27%
hiewilsoni@ees ol de £d

_ Affricen Tnternational: |shwane

climare change on hivnan heaith

i the Western Cape; a disaster

rivk asvessurem. Stellenbosch
| Not comacred

I

Emvaronmental and geographical
seience, LICT,

Shell Laviromnental &
Gevgraphical Seience Ride 4,12

1

Prof Chris 1larmady:

* Nabeel Rylands:

|

| Working {nthe 1Teld of
stesmutectunics and
muarphleclonics

Africen [ernational,
Infrastructure Liesicn and
Management selutions

{(027) 788 BO3 T

9217446 2554

nabeclr@afrreon co v

nabec | rvlands@email com

Limvala Adrica

Ciroundwiter monitaring

" Compili b mnforaration on amd
developing vulnerabiling
indictors in assogiarian with
Elrerha Lonw,

Larry Ferguson

| Dirk Crafford
Institute of Water I.THIiL}'
Servives (1WOS)

Walwr FL-.:n'g,in»:.'i.'r

Rondeplaar Dan: WAL Unit,
Resource quality services

(0217 930 T1HH
82 808 9389
10281 383 011

Drepartrrent of Water Adlairs
i ey ADWAR) |
Lrams baar (Chverstrand
| municipalicy )

Lo AL

Nor conacred

Hendrik Honey

" Graham Foglish

Civil engineer (civils division)
aned Dircetor al Africon
Intermational, Cupe town

Enclishid Shands.co.7a

Afreeon [nlemariomal

Nimhieer Shand

PrEng. Specialist in the lelkd of
wlter freutment.

* Provision of Internal Strarceic
Perspective study done or the
Wiestem Cape’ South Alrica
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Prof. Barry Gasson

UCT

Consulted on the issue of
appropriate indicators and index
formulation during class
lectures.

Ruwani Walawege

(021) 650-2999
(021) 650-3791 fax
walawege@egs.uct.ac.za

Environmental and geographical
science, UCT (Climate Change).
Shell Environmental &
Geographical Science Bldg.,
4.04

Provided documentation on
Hermanus.

Tobie Louw:

Civil engineer (civils division)
and Director at Africon
International, Cape town

TobieL@africon.co.za

Africon International

PrEng. Expertise in the field of
Resource Management Impact.
Knowledge and valuable input
in the field of water
management as well as
background in studies and
projects in the area.

Stephen Muller Civil Engineer: Director of (028) 313 8000 Overstrand Municipality
infrastructure and planning (Hermanus)
Bernard King bking@overstrand.gov.za Overstrand Municipality Provided financial data
(Hermanus)

Kevin Winters

Environmental and geographical
science, UCT

Shell Environmental &
Geographical Science Bldg.,
4.08

(021) 650-2875
(021) 650-3791 fax
kevin. winter@uct.ac.za

Janet Bodenstein

(021) 650-2869
bodenstein@science.uct.ac.za

UCT. Department of EGS. 2.18

Leigh Sonn (021) 650-2945 EGS 1.04: DIMP (Disaster
sonn(@enviro.uct.ac.za Mitigation Unit)

Simphiwe Mashicil Water services (021) 950-7127 DWAF

Andre Roux (021) 950-7100 DWAF
ocp@dwaf-wep weape gov.za

Bea Whittaker Hermanus:; Milkwood (028) 341-0322 Unavailable

communications

milkwood@ilink.nis.za

James Van Der Linde

Civil Engineer: previous town
engineer for Hermanus

(028) 3700 300
ivdlinde@jiafrica.com

Hermanus municipality

Sustainability Index for Integrated Urban Water Management in Southern African Cities

Appendix F




" Rhuvene Miles

{021) 930-7251
mileseifdwal eoe s

DW A

L)

~Tarron Dry {028 2[3-8000 Overstrand Municipality
B e . D83 366 9490

Craig Spoemcer 082 414 8847 Cape Nulure

John Hoberts (0211950 7100 | DWAL
Derick Molen (021) 950 7100 NWAL o
Natash Davies Water guality | (0213950 7100 WAF

davisnia. dwal.oov i

Hayley Salomon Witer managenent P (0284312 8000 Hermanus Eiﬁllkupulilj-
| Sulet Gildenhuys 3 (0271} Reb=-R0010 Cape Nature L navailable
. ' _gildens@encinkweaps.vov.gs |
Tierch Hucehstra L82 4U6 1447 | Cape Nature | Uncuoperative
 Kornclins Rimaow Umvoto Afrien S -
Mave Cromhbie 02 469 91101 (1} ! Avcus Gribb
021 424 557110 i
GRZ 4TR 622 [y
o —— - DCrombieisibb.co.zy S
Marius koch Phone: +27 21 88 0435, Fux:  GLS
: +27 21 BE0 U3RY
Tuariuskiifely coor |
A\ MAPUTO ' = i
Enga. Delario Sengo - Waler Resonrees Managemenl | 258 R23803970 A .
| Fngo. Pedrito - oY A DNA —
Engo Valdemir Matavel Head of Sanirarion Division DNA W
Frederico Martins Crperations Munayer 1 258-1-491529 I IPAG

12581498840
258-1-49888 | fax

—-258 ¥23023430

Tmurinsad fipas co.ms

e
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Jaime Matsinhe

+258-1-491529

FIPAG

Izidine Opressa

Head of Department: Project
Planning,

+258-1-498758
+258-1-498758 fax
+258 823025419
izdyn@yahoo.com.br

funab@tvcabo.co.mz

Fernando Jodo Nhampossa

Director of water and sanitation
management for the Maputo
Municipality

FUNAB

+258 821466637

dimas@intra.co.mz
Fernando_nhapas(@hotmail.com

Gaye Thompson

Social Anthropologist

Maputo Municipality (Water
and Sanitation) , CMM

+258 823287320

SARL

Manuel De Freitas

+258 -1-491127
+258 -1-491679 fax

UNICEF

Antero de Pina

Project Officer: Water,
Sanitation and Hygiene
Promotion

+258 -1-491127
+258 -1-491679 fax
+258 823263090

apina@unicef.or

Jaime Comiche

UNICEF

+258-1-481400

UN-HABITAT

Stella Pinto

Assistant Resident
Representative: Head of poverty
eradication and HIV/AIDS unit

+258-1-481400
+258-1-481429
+258-1-491691 fax

Steven Greenhaslg

UNDP

+258 822705820

DANIDA/MICOA

Manuel J. C. Alvarinho

President

+258-1-312825
+258-1-312826 fax

cra-presidente@teledata.mz
presidente(@cra.org. mz

Fernando Nhantumbo

Executive Secretary

CRA

+258-1-312825
+258-1-312826 fax

secretario(@cra.org.mz
fohantumbo@cra org. mz

Magalhdes M. Mangamela

Service Quality Monitoring
Officer

CRA

+258-1-312825
+258-1-312826 fax

magalhaes@cra.org.mz

Pedro Pimentel

Maputo Programme Manager

CRA

+258823939960

Water Aid

Carla Barros Costa

Programme  Officer  (Civil
Engineer)

+258823124420
carlac@tveabo.co.mz

Swiss Cooperation,
Mozambigue

Sustainability Index for Integrated Urban Water Management in Southern African Cities

Appendix F




F-5

carla.aguasan@tvcabo.co.mz

Ana Liicia Obiols Water Coordinator +258-1-492064/6 CARE
+258-1-492077 fax
ana@care.org.mz
Casimiro Sande Head of department CENOE-INGC
Engo. Naiane +258 823072800 AdeM
Agostinho Fernando MICOA
Dr. Lote MICOA
Ana Candido MISAU
| Enga Natasha CONSULTEC
Paula Santos +258 828782950 IMPACTO
Clara Panguana INE
INAM
Additional agencies contacted DNHA
DNG
INGC

Directorate of Health, Maputo

DINAGECA

Ara-sul

DINAPOTE
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Appendix G:

Issues addressed with individuals consulted

Appendix G.1: Interviews for Hermanus case study

- Mr Stephen Miiller

Director of Infrastructure and Planning
Overstrand Municipality

Date: 19/02/07

Time: 9:30 am

Location: Hermanus Municipality Offices

Mr Muller provided an updated (in the last 2 weeks or so) list of the current population
numbers in the Overstrand municipality by suburb; as well as a list of consultants currently
involved in projects in the Greater Hermanus/Overstrand Municipality area:

Muller: The 12 point programme has more or less collapsed due to discontinued
management. Some of the older residents of Hermanus still follow the basic water wise
approach, but more out of habit than monitoring from the municipalities side. It has been
determined that outsiders who come to Hermanus on holidays, from Cape Town and other
parts of the country, are more water conscious than the residents of Hermanus themselves.

Sheilla: This can be testament to the programmes collapse. Hermanus’ programme which
was once hailed for its success at water management no longer exists and this discontinuity
has proven to undo some of the benefits accrued in the past.

Muller: There are no major problems with the growth in the informal settlement at the
current time. Yes, the settlement (Zwelihle is the only major informal settlement) is
growing but it is densifying rather then sprawling.

Muller: All areas have water borne sewerage, however some still operate on septic tanks
and are not yet connected to the formal sewerage system.

- Mir Deon Van Vuuren

Date: 19/02/07

Time: 14:30 am

Location: Hermanus Municipality Offices

Van Vuuren: Most people have access to water, within the 200m and with regards to the
basic amount.

There are some problems with areas which are more water scarce. In Gansbaai for
example, the purifying process (problems at treatment plant) have put limitations on the
capacity of supply and the engineers there find the supply side at a limit.

There are areas in Overstrand which have problems but in general the greater Hermanus
area is performing adequately.

Sustainability Index for Integrated Urban Water Management in Southern African Cities
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There are problems with stormwater, however this is due to poor planning and lack of
investment. Financing was given for top structures without catering for the cost of services
such as stormwater, sewerage etc.

The problem with stormwater however affects the broader Hermanus, mainly due to
lack of financing to upgrade and extend the separate stormwater network.

The major constraint at the moment is financing. The figures indicate that a large
capital injection is required to provide the level of services desired however this has not
been forthcoming and therefore the municipality has made due with smaller projects and
investments to upgrade bit by bit.

Staff capacity can also present a problem. The same people that were there in the
1980s are still there.

Sheilla: With regards to the last comment, I am unsure whether this means they are
unable to cope with technological advances and progresses in the field or whether the
numbers have remained the same but yet the population has grown, therefore staff cannot
cope adequately. It seems that the latter is more likely, since the question asked referred to
whether the staff can currently cope with the population it serves.

- Mr Dave Crombie
(Arcus Gibb)

Date: 01/03/07

Time: 16:10 am
Loeation: UCT Tea Room

Mr Crombie suggested that I look into Budgets to analyse what has and has not been
included in budgets for the term in question, in that way it is possible to see which areas
the municipality is targeting and those which it is neglecting. In this way it will be possible
to identify potential problem areas and to assess the performance. This might merit the
inclusion and/or exclusion of variables in the indicator. It might also help in assessing
priority areas hence aid in weighting o variables and indicators.

Mr Crombie suggested that an investigation behind the reasons for the change from
ground water sourcing to surface supplies (¢ Bos dam) be carried. There was already
indication that there was groundwater so why was this simply abandoned and a new and
eventual insufficient source opted for? Suggested I speak to James Van Der Linde or
someone at Ninham Shand who was working there at the time the De Bos Dam was
commissioned and built.

He displayed some enthusiasm regarding the indicator and its concept and accepted
to provide any guidance in respect of fine-tuning the index.
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Appendix G.2: Interviews for Maputo case study

- Izidine Opressa (Chemical Engineer)

Head of Department

Project Planning, FUNAB (Fund for the Environment)
Time: 26/03/07 11:00

Location: Maputo, FUNAB Offices

Mr. Opressa demonstrated great interest in this initiative, in particular with regards to the
links being established between the management of different water services. His area of
interest further extended to the area of wastewater management, which is sorely lacking in
Maputo. His preoccupation with the discharge of untreated as well as poorly treated
effluent into the Infulene Valley was largely in consideration for the environmental and
social (health) implications of such a practice. In his brief appraisal of the indicator
structure, the environmental dimension met with considerable scrutiny.

- Engo Delario Sengo (Engineer)

Water Resources, DNA (National water Directorate)
Time: 28/03/07, 8:30am

Location: Maputo, DNA Main Offices

Mr Sengo expressed concern with the reliability and robustness of this tool. He questioned
whether any statistical tools for testing the robustness of the tool were or would be
employed. His referral to methods such as the Crystal Ball and the Monte Carlo Simulation
which had been lightly explored in the literature, was valid. This to address concerns of
variability and uncertainty within the model (testing model assumptions).

Monte Carlo Simulations make use of computer models to make predictions about
real life scenarios. Whereas the basic excel spreadsheet programme enables the analysis of
deterministic models, for which the answer is the same for the same given parameters, no
matter the number of calculations; Monte Carlo Simulations use random number inputs to
iteratively evaluate deterministic models. (Google, 2007)

Crystal Ball is the software package which makes use of the Monte Carlo
Simulation technique to facilitate scenario analysis (multiple ‘what if” scenarios).

In response to questions of whether similar initiatives have been undertaken in
Mozambique, he answered that lack of data and monitoring initiatives is common.

- Engo. Pedrito (Engineer)

DNA (National water Directorate)

Time: 28/03/07, 9:30am

Location: Maputo, DNA Main Offices

Engo Pedrito suggested that in view of the lack of data or difficulty in accessing it, field
work be undertaken. This was discussed further and it was understood that time limitations
constrained such an exercise. It was suggested that if possible, one neighbourhood from
each of the 5 Urban Districts be selected as representative of the situation in the district at
large. The shortcomings of this approach are well understood. He also suggested that for
the purposes of this research, where data was missing, this could be overcome by
calculations or extrapolations (based on assumptions) of existing data, i.e. 60% of water
consumed is released as effluent.
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He was able to supply some information:

e  Geology: the majority of soils in the city are permeable, clayey sandy soils with high
coefficients of permeability.

e  UFW: His opinion was that this was above 30%.
e  Use of effluent is made for irrigation purposes in the Infulene Valley.

o In terms of rainwater harvesting, all new buildings must be equipped with
mechanisms for the collection of rainwater.

- Frederico Martins

Project Coordinator (Gestor de projectos)
FIPAG (Water Investment Fund)

Time: 28/03/07, 10:00 am

Location: Maputo, FIPAG Offices

A short discussion on the structure and purpose of the indicator was followed by an
explanation of FIPAGs role within the water supply sector by Mr Martins. The issues
addressed were service provision, governing legislation (institutional framework), and the
role of the various partners/collaborators. Mr. Martins provided a clear picture of how the
water supply business functions. In this way it was possible to correlate this with the
objectives of the sustainability index for improved water management in the Mozambican
context.

- Fernando Jofo Nhampessa (Civil Engineer)

Director, Maputo Municipality

Municipal Directorate for Water and Sanitation

Time: 29/03/07, 10:30am

Location: Maputo, Municipality Water and Sanitation Offices

Discussions with Mr. Nhampossa focused mainly on the sanitation, wastewater
management and drainage issues in the city. Responsibility for water supply, management
and regulation fall largely with AdeM, DNA, ARA-SUL, CRA and FIPAG.

In the field of wastewater management, little is being done and his opinion is that
top tiers of government do not consider this a priority area when competing with water
supply, street illumination and solid waste management, for which great part of the budget
is allocated.

Operation at existing primary treatment facilities is poor, largely up to the whims of
nature. When and where possible, effluent is discharged into the treatment ponds with no
consideration for operational concerns. This process is hampered by availability of
equipment (trucks), running capital (for repairs, petrol, staff salaries etc) and consequently
the system as a whole fails to perform its designated function.

At management level, the department is understaffed, under-resourced and under-
capacitated.
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- Gaye Thompson

Sociologist/Social anthropologist, SARL

Time: 30/03/07, 17:30

Location: Maputo, Somerschield (private residence)

The discussion with Ms Thompson was very insightful. She was able to name various
studies that have been or are being carried out which will provide the information
necessary for the application of the indictor to Maputo. Furthermore, she was constructive
in her criticism of the variables chosen, acquiescent with some and providing alternatives
for others i.e., she suggested that instead of using income levels as a measure of economic
stability, rather employ measures of per consumption or ownership of goods; the reason
being that people are generally reluctant to inform on full incomes and also because this
does not take into account non-monetary wealth. Her experience in socio-economic studies
in the country enabled a better appreciation of some of the issues which can be represented
by the indicators for sustainability.

- Steven Greenhalg
DANIDA

Time: 03/04/07, 13:40
Location: MICOA Offices

Mr Greenhalg expressed some concern with the commensurability of variables and the
complexity of the indicator. In his opinion, a different view to indicator construction
should be taken. Instead of approaching it from the point of view of dimensions or
categories of sustainability, rather one could approach it from a business point of view,
where performance indicators should be developed and applied to the businesses of water
management, hence the three major services (water supply, sanitation and drainage) and
then these could be related to resource management, socio-economic, political and
environmental criteria. If possible, then the efficiency of all 3 services should be combined
to provide a overall measure of sustainability of the urban water system.

- Manuel J. C. Alvarinho

President, CRA (Water Regulatory Council)
Time: 09/04/07, 15:30

Location: CRA Offices

CRA is the water supply regulatory body for Mozambique. Amongst other functions, a key
role of CRA is to develop monitoring and evaluation tools so as to determine the
performance and progress of this service. Indicator development and application is
therefore an area of great interest. This research resonates with some of the monitoring
objectives of CRA and as such it presents a great opportunity for working partnerships.
This was addressed by Engo. Alvarinho, the president of CRA who displayed interest in
forming these partnerships with the University of Cape Town and more specifically in
finding possible ways of integrating the Urban Water Project aimed at developing
indicators for the assessment of Urban Water Management. The UCT research thrust is
currently focused on South African cities, however a possibility for extending it to other
Southern African countries such as Mozambique are pleasing and is certainly inline with
the research objectives of this thesis.
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Appendix H

Understanding and preparing indicators for aggregation

A. Socio-cultural

This component assesses the impacts on society at large due to current water management
and service provision practices, as well as resulting from a number of cultural and societal
customs.

Six sub-indicators were selected to represent the socio-cultural component, and
these in turn are detailed through the use of several variables.

A.1 Access to water supply

This indicator determines accessibility to resources, being flexible to changes in both time
and space. It is quite common to speak of water stressed and water scarce areas but the
implications of this are less well discussed. Dwindling water resources, in the face of
growing economies and issues of increasing populations, has taken great prominence in
water management debates. And while not wanting to take away from the issue of absolute
water scarcity; the bigger problem is one of poor exploitation and access rather then a
‘running out’ of the resource itself. To this end, one must distinguish clearly between water
scarcity and water insecurity. The former indicates a lack of the resource to cope with
demands of some or all spheres of society (economic, social and environmental). The latter
points to poor access to resources, often due to poor infrastructure development, low
capital reserves and weak policy and institutional capacity to provide for the needs of
millions.

Given that greater part of freshwater resources, both surface and underground, is
shared between two or more countries, regions or areas, a key concern is the potential for
conflict over shared resources as a result of scarcity or perceived scarcity. This indicator
therefore looks at issues of water insecurity rather then water scarcity, which will be
addressed to an extent by the resource availability and variability indicators.

e  Total collection time (minutes/day)

The variable takes into account the total time spent by households collecting water.
In an urban scenario, collection distances may not be an issue, depending on
compliance with certain policies which stipulate the distance to water source,
however, problems do arise in densely populated peripheral urban areas with poor
infrastructure, where queuing can account for a significant part of the day. The total
time of collection is represented as a function of the level of service available to each
household. Depending on the level of service, a score from 0-5 is attributed to that
area.

Sustainability Index for Integrated Urban Water Management in Southern Aftrican Cities
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Table H.1: Collection time

Level of service Calleetion time Score
[.O5 | 5
oS3 4 |
LOS 3 - :
L N
LOS 3 T W

Crender bius

Gender discrimination in water managerent at the houschold level 15 an issue that 15
dircetly ratsed by the MDGs. In most parts of the world, women and children are
responsible for collecting water for the hovschold, an activity which sigmficantly
robs them of ome. This s tme which can be invested clsewhere. such as
education, employment or income penerating enterprises, These Lwo groups ate also
ofien the groups which in the case of insuificiency. go with less. This variable aims
ter be inclusive of the gender discrepancy in water collection, by taking mcasure of
the number of men per houschold collecting water per day as well as by assessing the
decisior-maliang aotherity women have i the houscheld. Because the aim is o
address a discriminatory practice, and not to shift the conder bias, the indicator aims
al a balanced contmbution, therctore up to 50% male participation in Lhe activity
reflects a positive score.

Table 11.2: (Gepder bias

i Categorical seate
= R srmmm=ees =es - pender Bias Score

Range | Runge 2
S0%, S0%q ]
4%-d0%5 R e 4
320N, G1%-800 4
| S 101%4 G e AR 2
S-Sty G1%-950 |
=3 =03y 0

Conflict over water resources

This variable will reflect the extent to which water insecurity Umpacts on mamtenance
of social syslems. TL will assess the degree ol conthicl over accessible water resources
aid hence provide a measure of the level of access, or lack thereof at the desired
scale fwithin communities, hetween houscholds or acress boundaries) The higher the
mcidenee of conflict. the lower the final scorc. thercfore where conflict arises. quick
responses to potential contlicung and disruptive situalions are desired.
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Table H.3: Conflict over waler resources

Catleporical e . i Ceender Bigs
Oualitative assessment ‘
Scale L 1 Beore
i (Mg Equitable distribution (o feee distribolion) and
! ilective TWEM and [LWH.L 5
1 a-110"% Good problem reselulion (n the case ol conllicling I
inferests, (ACTIOMN ) o o . 4
11245=24024 Frelininary engagenent in discursive prablem I
~resolulion. (IMALOGLIL) 3
21%-30% ¢ Congilialion of parties bul net resobadicon
. [ FLALATION, SRR i i
pcll RS 1 Meplect andior incapacity _ -
M Llizhly conflicting at all scales i.e. blatant chscegacd for
the G5sue, powsr struggles and exlreme ineguality, |
; exiremnely disruplive oocivil socicty. i I_ ) o

. %o access o prolected waler
A measure of access to water must be inclusive of the degree to which the source is
siafe for human needs (drinking and washing). This vanable refleets the pereentage of
houscholds/communities with access to g safe water source(s),

Table FL4: Access w sale waler sources

U with sufe access Aveess (o sale source scorcs
: =0, 5
9% 7% i 4
!} 69550007, ' 3
| 490 30%, 2
L 29% 1% ]
<13% TR SR

A2 Aceess and use of sanitation facilities

This indicator explores the avallability and convenience ol sanitation lacilities as well as
cultoral aceeptability, and vulnerabilities of certain groups,

. Nao. ol people per sanitation facility
Backlogs in sanitation are ¢ven greater then those in water supply. The impact of
inadequate sanitation facilities can have wide repercussive elfcets, on health, human
development and growth, and the enviroment, to name the more obvious ones.
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This vartable relleets the coverage of sunitation (acilities. and will therefore highlight
the inadequacies in places where one can often take the existence ol some lacilitics lor
satisfactory provision,

. Safety of use

The latlure ol many sanitation schiemes, on the basis of hoth cullural and practical
weaknesses. has been widely documented, so much so thal both have become key
criterion in the selection of the type of sanitation facilities to be provided. alengside
more teelimical erilerion such as ground stability and distances W groundwater. Safery
ot use and access is a key concern when making use of such facilities, cspecially for
more vulnerable proups such as children, women. disabled people and the clderly.
This variable reflects the degrec of attention that has been given to such concerns in
carrent sanitation schemes.

. Cultural acceptability, ease of operation and maintenance
This varnable cxplores (he social and culural norms which govern day-to-day
practices, [t explores how well current sanitation schemes and types have integrated
the cultural and socictal customs ol the given arca. This s @ ensure that what is
provided is in fact nsed. Many schemes have falled for lack of recognition of the
customs observed by the potential users.

Uxplicit information on the above vanables can be difficult to obtain, and might in fact
requite the use of exlensive surveys and guestonnaircs. Surveys were uuhally o be
conducted in selected arens of the two case studies. however the time conslrainds on dala
collection did not permit this, Assessment of the vartables was then reworked (o Lzl inline
with the levels of service. This link 15 reasonable, miven that higher levels of service are
ullen associated. and deliver: preater safety of use and access, and higher cultural
acceptability due o mmproved lormality of the serviee hinked (o socictal and cultural
standards, Furthermore, higher levels of service propose o serve smaller aggregalions of
people. generally al the houschold level, at which specifications ol type and usce can be
made.

Table H.5: Access and nse ol samitation Lreililies

e ' e L fe
: MNo. of peaple per ; ' Socto-cultural
Level of Service [ v Safely of use Ey
sunitation facility e el aceeplubility
LOS1 ) S 5
L5 a 2 n
LSS 3 3 3
Li3% I | L 1
T = I
gl il — i l
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A3 Levels of service

The first step in moving towards some of the targets stipulated by goals such as the MDGs.
is to ensure that at the very Teast, basic levels of services are provided, The stipulation of
such has been established by orpanisations such as the UNDP, {or which the mimimum
supply of water 15 20lperson/day al distances no greater than 1000m; and by the WO,
who has stipulated a basic 301/personiday at distances no greater than 200m. In the same
way as there are social and economic ¢lasses in society. Serviees have conlormed o ters
ol service provisiol, for which income levels and ability to pay are the key lactors, In
acceordance o these, and looking back at the four services discussed in chapter 3. service
levels are scored as follows:

Tahle H.6: Scrvice levels

4 LS Witer Supply Sanitation Drainage j Wastc collection
i LOS| 5 5 5 ) 5
' 1os2 | 4 4 1 1
______ 1083 5 e 2
Loss ! 0 0 0 o

A4 Vulnerahility to disasters

L'he notion of risk and the relationship to vulngrahility and sustainability have already begn
introdoced. The followinog variables will asscss the susceptibility of an area and il
inhahitants (o one or more O the relevanl natural, and at imes man-indoced. disasters for
the arcas in question {southern Africa). As the risk increases, so does vulnerability, This
coupled with actual exposure courtbute o & lower overall sustainability, henee this is the
only variable thar display's an inverse relattonship with sustainability of the system.

. Susceptibility to disasters: includes exposure to dolines and sinkholes; carthquakes;
droughts: tomados: evelones and floods: tsunamis or shockwaves; and fires.

The table lustrated helow, fails to address the susceptibility to disasters
ocourring skmultanecusly in the same area (city), This is because an assumption is
made that there 15 a low probability ol more then one of the major disasters occurring
at the same time within city houndarics. This, of course. 15 not enorely implausible
and the best approach 1o accowil for such a possibility is to assign a percentage o
each event,
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Table H.7: Susceptibility to disasters

" Dhsasier _ Score (inessure of expusure)

| Dulines or sinkholes = 35
Larthguakes 5
S 2
Tornados Fom—— 5
Cyclomes and {loods 5

; Tsunamis vr Shockwaves 4

" Fires 4

Mome 0

@ Risk Management and disaster mitigation

Lir the event of a disaster or in awarencss of susceplibility 1o it fisk can be mitigated
by gond management. and appropriale design and awareness creation. In the event of
peor preparedness and handling of the situation, there is an optron for remediation,
There are nations however which are nol capacitated 1o engage in neither preparation
and mitigation nor remediation, and are extremely vulnerable to the “temperament” of
nature.

Tablc HL8: Risk management

Risk managenient (qualitative assessment) | Score

Mo .".i

Poor disaster management i 4
Compensative cisk management {remaediation) 3
Fffective disaster mingation (good response) - 2

Risk awarencss and preparcdness (prior to disaster) | 1 [
Rizk avoidance by desing : ¥

A5 Health (morbidity and mortality)

Despite the common perception that water supply can ensure improvements it health. there
15 no assurance that this will always be the case as there are many other factors, many of
which are not related to the water sector, which can have significant derrimental health
impacts. However having said this, one acknowledges that the causational link belween the
twa as well as scientiie backing as o the discases which can and do result from poor water
supply  {quantity and  qualityy and  tnadeguate sanitalion, is sufficienmt to demand

consideration,

To address the water-health relationship, i is common to look at the most
vubnerable groups whe will be worst affected by poor access to water i.e. children.
The first three variables are dircctly hinked to this sense of vulnerability, and to an extent
summarise the health situation i an area n relation W water. The Burth vanable,
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HIV:AIDS prevalenee, is not directly related fo water however it can be severely impacted
by the availability or lack of this resource atd proper provision of its services. Suilicient
supply of water and safe sanilary [acilities improve immunity to diseases and hence
contribute to the ability to resist the more debilitating ettects of HIVAAIDS and redoce the

risks of spreading the virus.

. under 3 maortality rate

» malaria moriality rate

® reporled cases of intestinal and infeetious discases per 1000 people

. [1IW/ALDS prevalence

Tahle H.9: Health status and weater relaled dispases

H-7

Under 5 mortality « Malkaria mortality Beported eases of HINAIDS Seore
o rage : rate infectinns diseases/ 1000 pr‘&t!r.'ulenm:
R % { % 5
-3"%0 " %= 1% 1-20) [ %4-5%% 4
%i-10%0 11 %5-2 0% 2100 B%%- 10% 3
[ 1%a-20%% 21%4-50% 140 | =30 11 %45-20% 2
21 %0-30% 3 | M- 40 30 b0 21%%-30% t
=300 Aty A0 =340 0

A6 Education and awareness

Disscmination. This variable reflects the leve! of education for water related matters.
It includes disseminanot of information and awarencess creation for issues such as
basic hypicne, demand water management and water wastage, resource availlability
and associated costs 1w the delivery of  services (both cconomic and to the
environment), ‘The attrtbution ol scores will retleel the methods for dissemination
cmployed, the target audience and the effectiveness of approach given the socio-
cultural, education and income differcnecs amongst the wider population.

Consultalion and participation. This variable assesses the level of cngagement
between stakeholders in reaching deersions collectvely, 10 nol unarmmously, In
Hemanusg, tor example. past practices have illustrated a decision-making process that
was not only biased bat oulright undemocratic.

It has been brought to attention that certain decisions were al (imes single-
handedly made by munteipality employees, without the awarcness or input from
other colleagues, much less the community at large. This lack of ransparcney can
affect the general acceptance ol programmes or projects, and cause wide
dissalisfaction within and amongst communities. In Maozambigue one [inds that the
majority ol the populaton is generally uninformed about major activities which
impact their lives. Moreover the means ol communication employed, if any, exelude
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ereal part of the populanon who cannot read or write and do not have access to the
‘modes” nsed for dissemination,

In practice. very little elfort has been made to guantily both vaviables. In many instances,
education and awareness [eatures prominently only in programme objectives and strategic
outputs, while visibility on the ground is minimal. This strenpthens the case for the
mclusion ol these consideranons and it also highlights the problem in obuaining
quantitative data on them. Scoring will therefire be done an the basis of qualitative
assessrnents, soch as: excellent (5), effectve (4), satislactory (3), poor (2), very poor (1)
and nonexistent (()).

3. Economic: stabilicy and growth

This component addresses the econonic dimension of waler management, exploring the
neceszary investrments tor the adegquate provision of services. infrastructure development
and maintepance ol work., AL the same Gme i assures the need for cost recovery. [
recoonizses the Dublin principles which state that access to water should he made available
to all. but thal parallel o this: it acknowledges that water has an economic value, hath as a
resource and also regarding the need for collection, treatment. distribution, and discharge.
In response, this indicator attemipts 1o balance the social prioritics with cconamic concerns.

B.1 Capacicy

Capacity provides a measure of peaple’s ability 1o access and pay for water services, based
om their educatiom levels, income secnrity (employment) and income levels, as well as the
financial demands for basic supply of services. Simply, capacity looks al people’s ability to
pay, given how much they must pay and how much they have, therefore indicating whether
economically people have access to this essential resource.

- % people with secondary education: This 15 the total number of people with
secondary education in a given area.

. % unermployed: This gives the percentage of uncmployed people within the study
area,

- Monthly inecome [rom employment (income brackets): This variable assesses the
ability of households (o aceess and pay lor water services, on the basis ol monthly
houschold incomes. l'or comparisaon purposes, all vnits will be converted 1o South
Advican Rands (ZAR).

¢  Loss of income due to sickness: There is a correlation between paor health and tow
productivity. This link i not questionable, however it is difficult to assess is the
extent o which one can justify poor productivity due 10 poor healih and well-heing.
One can argue for the inclusion of the physical. ermmodonal and psychological etfects
resulting not only from poor accessibilily and low benefits [rom water and its
services, bul more importantly due to the underlving causes, inequality and poverty.

Suslainabilily Indes For Intearated L rban Water Management in Southermn Adrican Cilics
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lior this reason a proxy was used, relerring o the number of days per year laken off
work due to water related diseases.

Waler Tanills (R/1)

The aitn is to determine the Faimess of tanlfs, given disparate income brackets. In
this way corrclating; payment rates, access to and selection of different service
providers, on the basis of the rales charged. While in this case, this has becn
restricted to the lanfls charged by formal institutions. as these are the groups targered
by this research. 1L 18 the mmlormal providers that demand more attention. nlormal
providers often charge much higher fares than utilily companies. however due o poor
access o lomal networks: people are consigned to paving higher rates, Howoever
because this initiative proposes improvements in the delivery of formal services.
which have been mdicated as the preferred sources i Mapuato and arg the only
sources in Hermanus, i1 is not entirely unreasonahble o exclude other providers.

Table H.10: Capacily for accessing and paying for services

"u wilh %o unemploved Monthly Loss of income | Water taritfs | Score
segomdary inenme due to sickness
cducation AN brackets (R) {daxs)

LU0 D =R3300 0 RO-RO.9 3
Q0% T 1%a-20% IR3500-F2 500 1-10 HI1-R2.5 4
G840 2 1%n-4004 R2499-F 1500 11-40 E26-R4.5 3
1924, 20%, 4 1%~ R 1 499-F T 41-70 R4d.6-R5.5 &
19%- 102 el Fh-R%G RUQ9-Ra0 1-110 E5a-RE ]

< 10%5 =R =RAM0 =110 =Rl )

B.2 Cost recovery

e

A significant contributor to poor service provision is the lack of financial resources [or
expansion and mamlenance. In the interest of self-sulticiency and sustaiability, providers
should aim for high cost recovery, provided 11 docs not jeopardise the social precepls. In
developing countries, the problem of cost recovery 15 one of poor pavment levels combined

wilh ungeceplable resource wastages.

% users paying lor water; This addresses the payment rates and return on investments
aspect,

Non-revenue water (UI'W & FBWY: This variable refers to the percentage of water
which is not billed (non-revenue water), and this includes both {ree basic water and
anaccounted [or water. Although high NRW values are undesirable, il is important o
understand the crucial role of free basic water to thousands who cannot afford to pay.
However the free basic water policy extends to few and in the context of Lhis
research, it applies only to South Adrieca,

There ts some merit in arguing that high unaccounted [or waler rates in
countries where tllepal connections to formal supply systems 15 common. can W an

Sustainahilily Index Gor Inteprated Lirban Water Manugement in Sowthern Alvican Uities
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extent constitute free basic water, however this is neither formaliscd nor intentionally
pursued. For the purposes of the assessments carried out here it docs not constitute
1AW,

The varlable will be caleulated 10 two parts and the two sub-variahles will
then be averaged (equal weight) lo provide the final score for NRW:

- % UFW: the aim being the achievement of the lowest possible ‘loss’ rates.

- FBW {/person/day} the nolion of free basic water explores the assumption
that because water is more then a simple commaodity, cvery human being
has the right of access to it and more so, where some cannot pay. il is Lhe
responsibility ol government to ensure that ¢veryone has a minimur

supply,
Tuble H.11: Cost recovery
!
g B users paying for water NRW N | Scare
| e e n O N SR
[0 o . sl 30 3
Gt T [a-10% . 459-30 51-70 4
69%-50% H%-26% | 29-20 71-80 3
40%4-30% | 21300, | 19-T1 81-94 2 i
oIl P31%-50% | b1 91-100 = :
<10% Cossp | 0 =100 "

B.3 lnvestiment levels

Inadequate investments in water infrastructure and human capacity have proven to be the
biggest constraints in cificient management of water resources and serviee delivery,
Previous discussions on the issue of resource scarcity indicate a problem of both water
scarcily and waler insceurity affeeting preal parl of Sub-Saharan Africa. This indicator
provides a measure of the annual growth in investments in this sector. While this does not
provide a measure of the supply versus the need for investment, 11 will illustrate whether
there is continual progress.

Given the state of many national cconomics in Africa, the investment categorics
will provide modest appraisals of increasing commilment to infrastructure development.
Another aspect for consideration is the source of mvestments. Alriea’s over-rellance on
international and regional aid continues to frustrate any attempts at sclf-sufficiency and this
is certainly a drawback tn the process towards sustwinable development. Furthermore,
current policy has stipulated that significant deeentralisation of power to municipalitics he
undertaken however, financialby, municipalities continue to be largely dependant on both
regional and local government. a condition which threateus their long term sustamability.

. Yo of budget inercase for water supply (WS)

Sustainaliliey Index lir Integrated Urbun Water Management o Southern African Citics
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" "o of budget increase for sanitation provision (5P}
. %o of budgetl increase tor operation and maimienance (O&M)

. Sources of investiment

Tabhle F1L12; Ipvestment levels

" budpel e budget %o budiel Suurces of investment ~ Score
increase for WS increase for 5T increase for O&S :
0% 0% e N Local government
F0%5-3 1% 303 1% N3 1% Local W4G0s, donor 4
sencies and busingsses
AN%52 AFa-21%5 AN%=2 | % Regiopal govermmend. | 3
%5 | 10 20%a=1 1%, 2= 1%, National government |3
ba-l% | 10%- 1% MR- 125 International aid I -
0% or decline 0% o decline 0% ar decline | None ] ;

C. Environmental management and ecosystem preservation

This component proposes that the environmental dimension of sustainability be cqually
addressed alongside socic-econmmic considerations, in order 1o ensure that in the very
Teast, a basic preservation of ceological systems 15 maimtained, There are two niain reasons
for this; firstly the human dependence on the environment demands thal ecosystems he
preserved lor the purpose of sustaining current and fulure gencrations, The other. more
philesophical and ethical reason, revolves around the necd 1o appropriately share our one
planct with the remaining inhabitants of earth. The precautionary principle applies in both
mstances: “m Lhe absence of perfect information’ or understanding of certain aspects,
caution is advised.

.1 IF'resh water resourees

This indicator shows the availability of water based on the existing freshwaler resources
for a certain area. It s assessed on the hasis of per capita avatlability, reliability and
variability, as well as the quality of raw waler supplied.

. Per capita water availability (licapita/vear)

In their Falkenmark indiclor: Falkenmark, Lundqvist and Widstrand propose a basic
per capita water thresheld of 1700 mfanmum. This is based on estimates of
household waler requirements, the needs in the agricultural. industrial, and energy
scetors, and the call for ecosystem mamntenance. Areas tor which the per capita
{vearly) waler availabtlity falls below this figere are considered waler stressed.
Falkenmark et al., also set two additonal marks to identfy those areas which are
waler scarce and extremely water scarce, for which the basic water avalability
targets are 1000m* and 500m’ respectively. These extremes will be employed as
endpuoints as indicated in Table H.13 (Rijsherman, 1994);
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2 Reliahilily or variability

This explores both the short-term — daily and seasonal variahility — as well as more
lomg-lerm issucs of water scarcity. Daily varability 15 mostly a resull of failed
managemenl. and often oceurs with litlle forewarning.  Seasonal variability on the
other hand, is expected. within acceptuble limits, and planned for. Long-term
variability links with the susceptibility to natural disasters (droughts) and climate
changes, This 1ssue has had some attention in recent times. Furthermore, the threuat ol
climate changes and the resutting impact on water resources has and is being heatedly
debated. L is important Lo mamtan more that a “cunots eye” on this matter,

. Waler qualily
The issne of water quality for supply is heing thoroughly addressed, however here it
15 direetly linked to source water., It gives an indication of the state of frosh water
resources; the degree of pollution and ultimately the cosl w us, of treaung for human

1 s

Tahle H.13: Resource quantity and quality

Pur cupita Buliabilitys Waler qualily at seore
availahility (m?) YVariahility Snuree
= |00 NN FEacellent 3
L9 | 500 Q0% A% ~ rond 4
1499-1000 TGO Adequate 3
999700 90 | Poor 2
G- 500 I0-100 | _ Very poor I

=500 < (%% "Ex[rcmel}-' piorliuted 0

(.2 Sustainability/feasibility of source

Feasibility is assessed on the basis of a number of criteria; whelher water supply 15
local or “imporled’. casily available, and whether it is abundant in its natural form and
of good quality, A st of possible sources is presented and Lhe varnable 15 scored on the
hasis of what 18 employed and why.
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Table 11.14: I'casibility and sustainability of water source

Y Feasibility/sustainability of source Score
Local groundwaler -~ & e
Fauinwater Huarvesling H]
Local freshwaler 4
CImported oroundwater 4
L Creywiler 3
:  Stormwater 3
_ Imported treshwater 2
. Bragkish water y 2
|  Wastewarer j ] B
i R i e

.3 Lise

This indicator will illustrate the water distribution per category of user, highlighting the
arcas which are cither under or over-consuming and the need for balanced (not equal)
distribution.

- Domestic

This is perhaps the mosi cssential category because it addresses the basic human
waler requirements for drinking and hygicne maintenance, Under-consumption or
over-consuinplion is undesirable sinee it can indicare that people cither don’t have
access 1o sulfrcrent water lor their basie needs or have wo much, in which case are
wasting., An optimal threshold was established at [001personiday. This 15 double
what is proposed by the World Health Oreanization as a minimum requirement. By
doing so we propose that the hmits account 1or more then the barest necessily and
therefore  conswnption up to 100Uperson’day has a positive correlation with
sustainability, Conversely, excecdmg thes limit implics that there s potential Tor
wastage and inefficient use. (Sullivan, Meigh & Fediwg 2002).

© Industrial

Industrial water consumpion varics significanily both across different regions, being
strongly dependant on the level of the development, as well as across various
industries. I'his variance does not permit the exact stipulation of a limit however
vwdelines were taken from the estimates provided by Rijsberman in his assessment
ol water consumplion per category of users. He stales that after agriculture, industry
(including commercial units) is the second biggest comsumer, al times accounting [or
more then two thirds of the total consumption for an arca. Where data is not explicit,
the guiding principle will be the rate of retarn for this catcgory. There is generally
good cosl recovery [rom mdustrial consumers and therelore high payment rates will
he indicative of high comsumption rates (Rijsherman, 1994 ).
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- Aprmeultural
Here oo, the vartability of water consumption across different productions and crops
makes it ditficult to stipulate exact limits for water use, however, Rijsherman in his
asscasment of watler scargity issucs provides a ballpark figure, His indicatiom s that it
takes on average sevenly Umes more water [or {ood production then Tor domestic
purposes (Rysberman, 1994). On an assumption of St/personsday for donestic use.
the per capita lood production requirement 15 3300 person/day. However he goes
further to state that the diet of a typical person in the USA requires roughly 54000 of
wiler. whereas that of a vegetlarian with the same nutnitional value reguires 26001 of
ater per day. In poorer countries of the developing world, poor diets ¢can result in
waler necds as less o halt of those of an average person clsowhere, therefore an
imitial lower limit will be placed ot 26001 person/day and the upper bound at the
already excessive per capita consumption of 34001/ day,

[ Maintenance of ecosysiems
According to the precauuonary measure, a basic share of freshwater should be
reserved tor the maintenance and preservanon of ecosvsienis. Two swudies m
particutar conducted by Seckler, (2000 and Sccklee er af., (1998) have cmphasised
the need lor ecological preservation and maintenance ol ecosystems, and e role of
water 1n this, Llsewbere, Sullivan er af., propose a ballpark figure of 25% lor
geosystent mantenance (Sullivan, 2002),

Such rigid limits do recognise the need for waler allocation for ecological
purpeses however fuil lo address the spatial vanatility of waler requirements for
different ecosysterns, as well as the seasonal variability [etor and the longer-lerm

|

climatic changes. Tn the absence of berter ostimates, 23% waer alloeation to
ecosvstems will be set as the optimal upper limit

Table H.15: Water use per calegory of consumer

e = .I_.‘,I-q:n.ll.u-s.tic . Lindustrial Agricntorral Fensystem Score
{Vpersoniday) (%) {Fperson/day;  Maintenance (%)
Lo [ % 2600 I 23% .5
R0 HH-1E0 e il A 2399-2400 , 24%-20% 1 ;
-_ﬁ‘J-fIU 131-200 3200 2399-20080 | [9%4-15%0 3
%20 mu.?Ul-B(J(J D T 19991706 L 485 1624 2
|9-5 __3 OL-F04 PrSe 14y | 508 OB%- %0 ]
55 =sun " 5% | <1500 - =5% 0

C 4 Wastewater management

This indicator monitors the discharges ol wastewater, both in tenms of quantity and guality,
to the environment, proposing to monitor the potenliat detrimental elfects. Following on
standard guidetines, Lhe wvanables cnable an assessment of the current wastewaler
management practices, and in a sense can indicate whether there s compliance. While

Sustainabitity Tndex for Inlegraied Uchan Warer Management in Southem African Citics
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Table 1L17: Stormwater quality monitoring criteria

: O s
3 3 3
I S " P ra—
i 5 i - 0

Going bevond the immediate provision ol sanitation and draingge. both wastewater and
stormwater management highlight the potential for lnking with resource management
towards: recharging. complementing or substituling clirent sources.

C.6 Compatibility of waler systems with the surrounding environment
Compatibility of water supply with the swrounding enviromment cxplores whether
congiderations have been piven to the likelihood of damage to the surrounding

cnvironment, tocusing on pollution of water sources from proximate durnp sites.

. Proximity to solid waste dump or landfill site

Table TL18: Compatibility of water svstems

2 SN 1
K ) — = ]
4 it
e i : _U._.. T

(.7 Compatibility of sanitation system with the surrounding environment

This indicalor assesses how sulted sanitatton systems are given thar compatibility wath the
natural environment, taking into account the folowing geological and hydrological Factors:
. located on loodplain

- ALCCTIESs

* depth to groundwater table

= anils permeability

o ground stability

Sustainabiily Index for barsgeated Urban Warer Management in Soulhermn Alrican Citics
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Tahle H.19: Compatibility of sanitation systems with the natural environment
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.8 Lnvironmental stresses

The mdicator, environmental stresses, considers the strain on the covironment due 1o
man-induced pollation and matural water searcity. 1t takes into account two variables;
proportion or percenmage of polluted sources as a function of the totl resources, and
an indication of natural waler scarcily.

- Proportion of polluted water sources as a function of the total resources
This variable looks at {he percentage of waler resources which are polluted
beyond a state deemed fit for sustaining human aclivities and sopport species
diversity.

. % of total arca dennficd as severely waler stressed
This provides an indication of waler scarcity. based on Lhe Falkenmark indicator
projections, the criticality ratio and the water poverty index.

Table 1L20: Unvirommental water stresses

' Oty 3
1"-10% 1%%-1 0% 4

| 184-20"%0 1 1%5-20%% 3
2195-30"% 21 %a-30% 2
3[9-50% 3 1%-50% I
e L =5{0% {

I}. Political support and stewardship

The pelitcal dimension provides an indication of the level of pelitical support,
identifving whether, both mtermational and national, developtnent goals have been
incorporated and applied in the relevant case studies, The measure of this is provided
by two sub-indicators; govertiance and compliance.

1M1 Governance

The ideals of democracy and the precepts of suslainability are inherenlly connected.
C(hne can go so lar as W say that democracy 15 the first step in ensuring that cquality
and sustainability issues are addressed. Comuption has long-since been identificd as a
major problem in Altican socictics, however this has becn more evidemt at
government level. Corruption has, at cvery step, challenged any progress towards
poverty eradication, it has benefited the more affluent and relecated the poar to
orcater depths of poverty, widening the inequality gap.

Sustairabitity Index tor Inteprated Urban Witer Management in Soulhaem Alrican Crties
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The theee variables: democracy. corruption and detinition of Toles and responsibilites;
citn provide a busic measure of the level of support for the poals of sustainable
development. towards the fulfilment of basic service provision: such s water and
samiteetion. oo peneral sense sociely 1s alniost abways avware and hieid to the lick of
representation and democracy, as weltl as to the phenomenon of cortuption: however it
is almost always very slow 1o react to it This tack of action and tesponse, coupled
with the aspeet of ilegalbity and conccalment have rendered these variahles difficult o
quantifyv; hence demanding @ more qualitativc assessment as seen on Table 1121,

. Democracy and representation
B Measure of corruption

® Defined rales anl responsihilitics

Table H.21: Assessing governunce

Foll democracy and good implamentabilicy
Wery pood Low Lnappropriate poly environment | 4
Ciood Muedium Puor implementalion capacily ina 3

ol policy crvirnnment

Medipore ITigh Progress towards policy setting 2

and capacity boilding

Bad WVoery hizh [nappropriale policy and poor ]
CARLCITY
Mune Frrremely corrupt [naction (sterile environmeant and 0

W progress, regression)

D.2 Compliance with policy

A measure of compliance with legislative directives and internatiomal development
goals provides an indication of commitment to addressimg the issues at hand.

® Compliance with oovernment policies and leoistation
This 1% an indication ol complianee with policies such as South Alnca’s Free
Basic Water (1'BW) policy and the National Water Policy (NWE) adopted by
cahinet i 1997 and fegalised through e National Waler Act. These recopnise
the needs and rights of citizens to have access to waler. Tt also make provisions
for the water share requred to maintain the very svstems humans depend om.

. Comphiance with Millennium Development Goals
It is also mmporiant to take hwed of global initiatives and international
development agendas, There are many reasons for his, securing [nancial anl,

Sustainability ldex for Intearared [rban Water Munugement in Sowliern Adrican Lles
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cnsuring the ransfer of resources and skills. adopting well-rescarched and
implemented practices are some of the more obvieus. There are a oumber of
such puiding international principles. two of which have been oliserved here; the
basic water supply requirements stipulated by WHO and recent; v, the M1 Gs.

Compliance with hoth local and imternational policy prioriues is assessed on the hasis
of the levels of service available e the population for the two major scrvices: watgr
supply and  sanitatiem {(including wastewater management). This s donme on the
presumption that better services signify betier compliange (Tahle 11,22}

Table H.22: Compliance ol service provision with existing policy and goidelines

Katc

o LiXs Water supply Sanilalivn Woastewsler managemenl
Policies | MDGs | Polieies |  MDGs | Policies  MDGs
Lost ¢ s 15 | s 3 5 3
12 3 5 4 4 < A 4
1.0¥52 4 4 ... 3 gmy | 3 : 2
1.0¥s4 2 S _ 1 ] ! ] _ I
1.0¥85 ¥ i | { { o : 0

k. Institutional capacity and lechnolosieal progress

E.1 Institutional and technical capacity

The institutional consistency and technical aptimde of administeations is evaluated
through the Tollowing variahles:

Adoption ol TWERM approach {and W BOs)

This looks at breader issuc of water management. bevond the borders of the
urban ventres It is complementary to IUWM and necessary to conflict fice
assurance of water supply lor cilies.

Noo ol water management institutions {relating to all 3 scrvices, as well as
pestnppee management and performance moniloring). Both under-manaoement
and over-crowding 15 undesirable in the context of administrative issues. We sce
these two extremes 0 the case studies selecwed. In Hermanus, the Onverstrang
muanicipality i singly charged with the admimsration of Hermanus  and
neighbouring towns. At present, the population size and density assist this
situation, however with growing populations and econmmic Prosperily. resourcss
will hbegome stressed and the municipality micht very well not cope, In Maputo.
the situation 18 reversed, the adminisirative envitomment is crowded by several
imstitutions and vet serviee delivery has not benefited, on the contrary, this has
hanipered pood coordination and integration. An arbiteary numbee of institvlions
$140) was selected 1o indicate best performance for the muanagement ol all three

Sustamab: ity Index for Integrated Urhin Witer Management o Southern African Cies
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services: this might very well be cxapperated. Values above and below this limit
will be assioned deereasing scoves o1 veri

. Adoption ol allernative water supply technolopics

® Adoption of sustainable sanitation

Adopting  altemative methods of both  water supply and  sanitation  shows a
commitment w more sustainable resource management as well as a capacity to do so.
It 1s hivwvever unrealistic by expect a LO0% conversion o newer technologies, nor s it
feasible. given the investments on more conventional approaches, This should be a
sradual process which takes inlo account social adaptability and aceeptlablity
coonomic stability and the pressure on lhe environment resulting fronm unsustainahle
practices.

= Correspomding education levels for staff (knowledae and cxpertise) assesacs the
complianee with requirements for operation and maintenance ol systems. Tt 1s
expected thar staff be equipped and trained 1o pecform theie duties and operate
and maintain urban water svstems 1o the required standards, This is however not
the case, especially in developing countries where skills shortages continues 1o
present a major challenpe to management of urhan services., A proxy is used: the
percentage of stafl with secondary and tertiary education.

» Monitonng capability {data collecetion and storage [acility)

The following words have only 100 often been volced, in one version or another,
and these have compelled the inclusion of this variable: “Here we just do things,
we don't really study or investigate: there 15 no time or money lor that.” This has
been said in reterence to querics in Maputo as to whether there were studics on:
underground water pollution dug to seepages trom latrines, and contamination
trom waste dumps: regular monitoning of wastewaler effluent; environmenial
impact studics from any of the above sources and more,

Failure i service provision can result from two main factors: Ineptitude on the part of
service providers, or inaptilude from providers ol linked seetors such as the cnergy
and transport sectors, hence the desegregation into the two following variables.

«  Reliahilty of service provision

- Failure 1 serviee delivery duce to dependence on other sectors

Spstanabiiiy Index for Integrated Urbian Woater Management 1 Southern African Cities
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Tabie 11.23: Criterion for assessing mstitutional und weehnical capacity for L WM

11-22

Adoption of No. of [ Adunption of Adoption of Corresponding Munitering Helisbility of Fablure in serviee Senre
IWRM matnag el alternative 'sustainable’ educatinn levels cupability service delivery due 1o
inatitulions water supply sanitatinn T Chd M (senre ot of 140} provision dependence nn
L : technologies =~ : ather seetors
Tmpiementution L Mt S0% LE0%% | 14 L Mever 3
Planning b-7 49%a-3)% 409 HNe-T0% | 9.7 D0%-30%% 1-2 times per year 4
| Developing fhe B4 3420 2005-20% 6% 3% - T0%e-500% 3=t firmnus per yuar 3
framewaork and
addressing the
| legislutive
diinension )
Consu'tution .od 3-2 19 10" 19%%-1(Pn 4920 32 4955300 i Limes 2
. eaploration - .
- | M- 1" D= 1% 19%-1% 1 2001117 At least nnce 1
; : it
Na progress 0 or =) % 0% (18 il 5 M Service ig 0
b i ingonalme inlreguent
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Appendix [: Ranked weighting sets

Table 1.1: Runking of va riahles from 1 to 3 :u:i:urdi.hg to different pricvity calezorics

Yauriable Social  Weight | Economic | Weight  Environmentsl | Weight  Political | Weight . Institutional Weight
’ , and technical
1.1 Total collection fime 2 0300 P naon 1 B0 1 (3,203 7 0300
I Sdieidir b G200 b Conaon 1 (1100 E (250 5 T a2
T E— 1 glon 3 I 3 B %ITT (306 4 0200 |
1.4 " with aceess to protecred warer | 040 4 S N (k400 2 0250 | .30
10K 14330 14000 | BEEEE 1.0HH)
_2[ Mo, people per sanitution facility 3 1,200 . l ¢y e [ £y 400 I {1,331
2.2 Salely of wse and safely L access L {1304} 3 iR 00 fa 0.300 2 0.300 = {1350
facililica - i )
2.3 Cularal and secial acceprahility. 3 0,301 3 _ 0200 3 03 3 0,300 [k, n:}f_r
1000 000 1.000 | 1004 1000
D3| Water supply gl 0300 1 paon | 2| 0350 1 0,300 | E
SZSamitation | R E 0300 | 7.350 3 DT 3 0.300
3.3 Drainuge 4 | nzoe |4 . 1410 3 {1,230 4 {1.20H) 3 .20t
30 Waste calleetion 3 (4,200 3 0,200 7 L {1,200 4 (4,200
| 100 | tew T Lwon T oo [ Lo0o
lﬂs{;gmihilj[y Loy rdlral disusters, & _f]._‘-!['l['l. i 11440140 {160 3 11,4100 it D-ﬁﬂ_
< o1 Dalines or sinkhuales e

4.2FEarth quukes

3 3rougzhrs

4. AT ornadoes

4 3Hurnicanes & floods

4 aTsunaines or shochwaves

4. 7Fires
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[ 4.8 Rixk management and disasier | £.500 1 Y 2 Al 1 0600 1 0630 |
mirsation : y
100061 REE 1.0ty 1000 LD
5.0 Linder § mortality e [ 0,300 ERE | (3000 > | 2w 3 0.250)
5.2 Malaria-telared mortality rate 3 1.234) ) (200 2 (.300 3 0.230 1 | Mzsn
2,3 Reported cases intgsnnal and 4 L2000 =i 0300 3 ih300 4 1230 = {250
infecrious diseases par 1000 o )
5.3 HIVAALDS prevalence 1] [.250 4,340 4 0,100 L 0,500 4 ] 000
R B 1000 | 144000 1,000
6.1 Level of dissemination G T [1.6iH) 0,530 01,600 0.330 | 01,350
6.2 Level of consuliation with 2 0,400 2 01,430 E 0400 2 0450 2 0430
gtikeholders and public participation - } /NS
L_DiNY 1,000 CL000 | teoo | 1.OOO
T % peaple with secondary education - 3000 2 1.251 [ 3 [1.250) g 1. 220 A 0130
72 Unemplovhient rare SR - A | 0,300 5 i, L | (1. 300 1 0050
7.4 Lows of incame due ta sickness 3 0.200 ] 0,150 I 1300 s 0100 ] (1,300
7.5 Min-Busic Water tariff s wlop s 0. 1th] 3 | iL2s) ; 0,200 2 T |
Lone_ 1000 L thhiy T 100D
B0 %o users paving for water 5 4.200 ] 11,400 2 (300 o 0,350 i 0300
20 LIFW Z: {1,200 2 i3 3Al ] (b b 3 0230 ] 0,500
8.3 % of fiee bavie witer 3 0,300 3 0250 3 0100 [ 0,300 i 4,200
i 1.000 B 1000 | (RT L a0t
H,.;) b“i':r;‘.:l increase lar water supply ) 0300 :i S | ﬂ.l.{f.ﬁ - ._-'; [k 30 I 11230 1 0.275
Y 2 4 budest ngrease far sanitation L {1.300 2 0.230 1 0330 | 2 0.250 g f1.275
9.3 % of budgel increase lir (h:M £ U230 4 (R EIY 3 230 4 0.z00 E ) 0.250
4.4 Source: of Investment 4 [, L) | 400 = 1.0 3 11,3010 4 41200}
1000 T 1060 1000 | 1ooo
10,1 Available water [lFoapitaday) ! (400 5 300 B 0. 200 L L350 3 0,300
102 Reliability of vatiabilits 2 {1,301 2 0.300 2 0,300 2 11,3501 E 0,330
10,3 Water quulily ul soyres 3 0300 U400 1 wsoe 3 f1. 3000 11350
i = 100 1.000 | ] vow [ L.oo0 e
Sustaimability Feasibilily of source o] T Lo [BTETH) LD
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11.1 Local Groundwuler

ET 2 "‘ Hainweater
1.} Local surface wuter

114 Lenported groundwarer

[ 1.5 Starmwaler

e revwaler

117 Imported sarface water

© ¢1.% Brackish water

119 Wastewaler

1110 Salt warer

| 2.1 Domistic

12,2 [ndustrial

125 Agricalral and livestock

L2 4 Mainfesance ol coosysiems

13.1 Fflluent quantity

Il.. Lfﬂm:m uallh

14, I F.ﬂhlem e antily

| 0350 3 0250 2 oon | 1 030 ] TRET

5 0,200 3 50 B L0500 3 (1,900 iE 0,300

2 [ 6aso | 0300 % 4150 3 1,300 Al 0100

4 100 3 0150 | 0 00 1 0.200 3 0,250

i U500 1 0.500 2 0.430 B ] 3 FCTR

3 0500 T [ aso i T 1 0.600 i 0550
el [ X nas [ 2 2 0450

2 2 | w:b 1 uﬁm‘: ! r u:ﬁﬁ

14.2 L Mluent usﬂ' A

5] Close o slid waste dimp or
lasdfill sie

16.1 Located on floo:d [rens arey

m!m-

I 16,2 Susepness

16.} Depech 1o gromndwaler 1able

164 Soil permeability
Ib 3 Grogmal ~Idl'-ili|'l. :

17.1 % of polluled water sources

1 0150 1230 L 0.150 1 0,250 k]
£ 0. 165 0.130 5 0. 100 b 0.125 5
3 6,250 0.200 | 0,350 | 3 0230 i
5 0.163 0.150 2 TR 3 . 0135 i
2 0,170 0,350 3 2 0.350 3

Y

17.2 " af lotal area idenvitied a5

0,450

¥ neo0

| 0530

G130

1,550

fJ. l:t]
0.330

b

{1,450

0230
(.1 50

0,500

L ]
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Appendix .

sSustainability Index application; Fermanus data sheet

L SOCTAL

Population dynamics for Oversirand

Table J.1: Demographics for Overstrand Munteipalily
{Ohverberg District Municipality, 2004

Service area
Hangklip-Kleinmuond

I'ermanent papulation
3213

Population gver holidays

ACHCHILE

Hermianu: sy TE0HD
Stanford SN0 SA00
Gansbaal f1734) 4077R
| Rural areas 237 263 ]
Total SlF203 165 Yt

* Current permanent populalion for Hermuanus, SU000 { Stephen Muller. Cheersteand Municipality)
Capeent holiday population for Hermanus, 2 TS Stephen Meller, Oversrand Monicipality)

l. Access to water supply

1.1 Total collection time: Dependant on LOS

1.2 Gender Bias: Dependant on LOS
Annual report indicates that a Overstrand Gender Task Team has been established to
addieess pender issues such butlding capavity for cffective participation and delivery
{Oxverstrand Mumicipality, 2006 pg 199,

1.3 Conilict over water sources
Assumed no conflict as the entire population is fully serviced. There are however
wstes regarding water fanlls and the cutting oft of services due to non-pavment
{Deedat et al.. 2001 )

1.4 % with access to protected water
High guality of service provision amd comphiance with minunum scieviee standards
theretore 100% access to protected water.

2. Access and use of samtation facilities

2.1 No.of people per sanitation facility: Dependant on 1.OS

2.2 Salety of use and 10 access [acilities: Dependant oun LOYS

Susrainabiiny Index for Inteprared Uivban Water Manageimen in Southern Advican Cities



: Seeviee level per | Communal water Uncontralled vard tap Uneontrolled house
i town : supply m“—ﬁ-m!-m: g
V25 ol el | 2003% 2008+ * 2003 | 2008 2003 2008
| Hangklip-Kleinmond | 3l 1 230 2t 4950 RIS
Hetmanus | 1500 il 4l | G 0247 __13RI9
Stanlird L 120 0 L S v 1112
Ciaishiai 513 ] { ! ¥ 3023 3397
Total Clls per 1Oy 2244 { GE0 20 19987 27377
* Based on 2003 WSDP
** Projecled 5 vear improvenients
3.2 Sanulation
Table ).3: Sunitation services Tor urban residential units in Overstrand
(Overberg Mistrict Municipality, 2004)
Service evel per town MIP or equivalent ) Wet-seplic ljiﬁi.‘__!‘l’l:l.rgl.; Lix
! feonservancy fanks WWIP T
23 11 2003 2008 2413 | iﬂﬂﬂ_
CNangklip-Kikzinmand 0 4435 2370 e 1298
 Hermanis R A GRE | Rib R o7 : 13579
~ Stanlond 0 485 087 42 | S
ansbaai b ERE F A2 363 023
Tatal CUs per LOS 0 | 9964 12 6o 11 683 15427

3.3

23
STV ICCS,
3, Levels of serviee

3

Witer supply

Cultural and social acceptability: Dependant on LOS
High levels of service which reflects both good accessibility and aceeptability of sanitation

Table J.2 Waler services lor urban residential uniis in Overstrand
{Overberp District Municipality, 2004}

* Bascd on 2003 WP

¥ Projected 3 vear improvernents

[hainage

Drainage 15 somewhal problematic i some arcas of Hermanus, particularly in the
informal settlement of Zwelihle and in Hawston. This is mainly dug to poor housing
design and planning. Howeser, overall 1l s assumed thut draimage coverape is

adequate,
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34 Waste colleetion
There is regular collection of waste in all areas o Hermanus {weekly). undertaken by
the mumgcipality.

4. Vulnerahility
4.1 Susceptiblity Lo disasters
4.2 Risk management and disaster mitigation

[t was not possible to obtain the Disaster Management Plan however the Hermanus WSDP
indicates good preparcdness mostly to fires (Overstrand Muonieipality, 2006¢; pg 26). The
level of orpanisation and management observed in Hermanus indicates that there is a lugh
state of preparedness tor cventualities. risks and hazards. 1n terms of the actual disasters.
FHermanus 15 not particularly prone o any of the mentioned below:

s Duolines & sinkholes: none (Komcelius, Univoto).
. Earthguakes (not along any major faalt lines),
. Droughts (previously water stressed but no longer the case),

. Floods {although the area is low-lying there is sullicient inlrastructure o deal with
minor floods, however in the case of large stworms and backlashes of cyelones from the
codst of Mozambigue, have attributed this a 0% susceptibility).

] Tsunamis/shockwaves: this 15 nol a major problen in the area. there are cases ol
very high waves during heavy sca storms however this does not rcach this extreme.

Fires: there 15 sullicient provision and sceess 10 water to mmitieate in the risk ol fires, sood
fire fiphting capabilitics.

5. Health status
5.1 Under 3 monality rate

Malaria-related mortality rate

The total number of reported malana-related deaths for South Alrica was 141 deaths
in 2003, The reported national case rate is (030 (deaths per 1000 people) (Global
Health Facts, 2007).  This is extremely nsignilicant in the context of the centire
population.

5.3  Reporied cases of intestinal and infectious discases per 1000
Haven't obtained health data however bocause the water sources are of vood quality
and reltable it is assumed that there are few 1l any meidences of water related
discases, If there are any, it is assumed that these may be due to extraordinary cvents
such as pipe failures (wastewater contaminating water supplies) ete. Assumed
mortality rates to be low: and that even though cases of malaria might occur. death
incidences are very low (0%).

Sustainability ndex Tor Inresrated Urban Warer Management in Southern Adrican Cities



5.4 HIVIAIDS prevalence

Table J.4: HIV prevalence survey in ante-natal clinies around the country
(IDOH, 2005)

)4

Based on national survey i antenatal clinies in the 9 provinees, therefore i1 15 a4 guest
estimate. Extrapolated the results for the Western Cape to Hermanus however in future
milst try to validate this with more local data,

6. Education and awareness

B0 Level of dissemination

6.2 Level of stakcholder consultation and public participation

Provimee 2003 Lo ol e oG [ s RaiiEee
Fistern Cape (919 .3 _FEH . .7 23y B
| Free State 038 62 _Lole 6.3 435 4
Crauteng 36 18 3169 9.7 3110 8.8
KowaZulu-~atul 3406 203 e ETEh 3500 v |
L amphapw LEQ : 11.4 L 8er i 11.8 1897 Llea
M primalangn 241 I biE [rid () LO27 6.2
Narthern Cape R I 3T | 48 N 67 34
Boarth West 1388 B3 1152 74 ek 8.0
Woestern Cupe JEEE i [2:0 ot I L [ 59t 911 S
Tutal 16643 laied - 16510

Whilst the water conservation programme contained o very strong component of
inlormation dissemination and awareness canpaigning this targeted the richer
income groups and falled to be fully inclusive. Consultation and participation was
also limited to higher mcome proups, Bven in this case it was more a ong-sided
comsultation approach rather then enabling input [fom the public.

[1. ECONOMIC

7. Capacty [to pay for services)

7

i

% of people with scecondary education:

Inciudes the tollowing categories: Grade 12 certificate, grade 12 diplomi bachelors
degree. bachelors degree and diploma. honours depree, mastersidoctorate (STATS
SA, 2000 National Census),

Lnemplovment rate:

Sustainability Index for Integrated Urban Waler Management in Swathern Alrican Cities
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Includes only the categorically unemployed and not students, scholars, retired people.
dizabled people or housewives. Unemploved gre people who are aotbvely looking lor
work bat cant God any, and have been previously employed.

7.3 Income levels:

Tauble J.5: Income categories for Overstrund

; Scttlement type MNu, {lflluu.;fhu]ds with monthly income of: Affordability of

! LA tariffs

| <R1000 | RI000-  RISO0- | RZ500- | Over | Water | Sanitation

RIS00  R2500 | R3500 | R3500
1633 [ fvir 7 RENN 2938 - : =

DrensedVannlaond i

—d
|-
|
—-a

Llrhan

#The low income values ohserved are seneral. despite the high incomes carned by aosmall raction of the
pupulation, The cateporics chosen were done keeping in mind the ability to pay for warer. abowve B350 his

s longar much of o problem heonce attributing it the highest scoce (3.

This vanable takes 0t gecount the lowest tocome groups. According © the WSDP of
2004, 1the mgjority of houscholds carn below R1GH) (Overberg District Municipality,
2004). I these are grouped with the nexl iocome category. this gives an estinate of 47% of
hiouseholds caming below R1300,

7.4 Nao.of dayvs tuken off work due to water-related discases
Assumed that a mintimum number ol dayvs s lost. This is hased on previous
assessments of the Health Status and the quality of services,
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Table J.6: Economic dara {STATS SA. 2001 Navonal Census)

J-6

Fisher |faven HE - 6 R 1500- R2199 ]
| Hawston 214 590 R340-R999

Hermanus 1396 IS . RS00-H405

| Omrusrivier 912 67 _ ~R3%00

sandbasi an 68 ~R3500

Zwelible 44 1504 RS00-R99Y
_\r'u:rmunt === = !
~ Mount Pleasnt

TOTAL 3139 3336

Az 3% of ol popualation
{30659)

0% umdereount, Verment und
M1 Pleasant ure niissing)

PR -

1 1% [undercount. ¥ ermuont and
M1 Pleasant are missing)

* 1 he assumption is that these umbers ave only inclusive of the 30659 permanent residents of Greater Hermiunus and not the seasenal inhabiranes. Need 1o include Vermeonr

and Muount Pleasunt,

#* The assumption is that these numbers are only inclusive of the 30639 pernuanent residents of Gereater Hermanus and not the seasonal inhabitants, Need to incauide
Vermont and Mount Pleasant.
#e4 Lowest income category‘area cacned by majority of Inhabitanrs, Musr however look at this with regards to number

Sustainabilits Index for Integrated Uirban Water Management in Southemn African Cities
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7.5 0 Minmimomddasic waler taill

Table 1.7 Block waler il lor Hermanus

| Quantity  Consumption Additional C¥AT :
-3k j ] RO3add Kl plos Dl var
| S-l0ki 0 Skl RS0 pius [L0h T add K , ius [ 4% WAl A
=10 13k1 10kl K5 Pl Rl Z0add k1 . plus 1d4% WA
=] 5-20k1 15kl R s Bl &0 add K] Pl [d% YAT
| 20-25ki _ Ziklig: R20) plus R 2 40add kI s [ WAT
#25-30k] 25Kl R32 : plus R300:add k1l plus | 1AM VAT
“30-40k1 30KI@ R4T C plus R4 00:dd k| plus |d% VAT
= (1-tk| diikl:is K47 Cplus _ Ribiadd kI plus i 4% WA
4] Jiik| Giiklan RET plus Ro O0add kI plus 1d% YAl
=811 D0k  BOKT@ RA07 plus R7IA0dd kI plus 4% VAT
=00kl |[ 00kl R457 | plus RilQdadd kI plus 4% VAT

8. Cost recovery

5.1 % of users paying for water:
The Status Quo Booklet prepared by DWAF {indicalcs thal cost recovery rates
are very pood (assumed this s indicative of the higher part of the second

guartile 73%-100%.. the indicator range from 90%4-909%,).

82 % of TTFW: 5%
(Overberg District Municipality. 2004, Overstrand Municipality. 2006a)

83 I'BW: S0l persondday tekl houschold/month}
(DWAE. 2001 DWAF. 2004: National Free Basic Water Policy)

{See also Oversirand Municipalily. 2006b)
9, Investment levels
4.1 % budget increase [or waler supply
Table 1.8: Annual budects for water suppty (Overbere District Mumcipality, 2004

Summary of eurrent and Tuture waler capital budgels in ZAR (2002:2003-2007/2008)
20022003 20032004 2004200 5 20052006 2002007 U200

I
4 SR 00 5 985 000 4 THY (M) it B8 (00 T 325 00 58S D00
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Budgets mn water supply do not display a common pattern: however there 15 an
gstimated increase for the past two consecutive budget vears (20042005 —
20062007 of 30% and 6% respectively. the average boeing 8%,

9.2

"4 budpet increasc for sanitation

Table 1.9: Annual budgets for sanitation supply
{Overberg Distniet Municipality, 2004)

Summary ol current and future sanilation capital budgeis in ZAR (Z002/2003-2007/2008)

2002 2NN3

200320004

20200 5

l 200520040

20006 2007

202008

| 3826000

2 GR2 (Wi

3760 000

| 5471 000

& 475 00

| 8325000

Budgets tor samitation display Inore consistent pattermns. ulid the average ncrease lor
the past two consecutive years (20042005 — 20062007 is 33%.

%3

" budget incrcase for O&M

Table L 10: Annual budgets for operation and maimtenance (O&M)
(Overbery District Mumcipahty, 2004

20022003

2032004

2004200

L 20052006

2002007

| 20072008

2749 002

14 577 650

I5 743 Bol

1700337

I8 363 6|

liogs2mz |

Budgets for operating costs for the past two consceutive years (20042003
2006:2007) show an average 7% increase.

G4 Spurces ol mvestment

Table J.11: Sources of capital [or water supply
{Overberp District Municipality, 2004)

Capital sonrce

20022003 20032004 | 200472005 | 20052006

20062007 | 20072008

[3AWF ruaral ] 200 i i i ' I

waler supply

Intermal Fund | 4380000 | 3935000 | 4447000 | 6730000 | 7325000 | S 185000
CMIP 0o 0 o | v v
(ther-prants, B 044 1] Bk TR WY L ack ) Il

revenues,  lunds
{1 ST

Lera] Capital

4 SR 000

3RS N

4 787 000

o B84 00

7325 000

5 185 0Ny

For 20042005

and 20052000 it was estimated that 93% and 98%0 of the capital
ariginated from intemal funds,

Susrainahilitye Index for lnsegrared Lorkan Water Manapoment in Southern Adviean Cilics



Table J.12: Sources of capital {or sanitation (Overberg District Mumicipality, 2004)

Capital source | 20022003 | 20032004 | 20042005 | 20052006 | 2006/2007 | 2007/2008
Fxternul lsans 1] 3] 1] [y 1] 1]
Intermal Fund RGO 2 6E2 00 2221 000 S 236 00 475 000 B 525 ]
CMIE ih 0 RILAVLY 245 Ok it 0
C¥her-grants, 2500 () S0 R [BR IR 1] 1] 4]
revenues,  fiinds

(5 &

Tutal Capitul 326 000 2733000 3 Tl Qi 547 F Q0 BaTE000 B 325 000

For 20042005 and 20052006 it was cstimated that 6% and 96% of the capital
origingled Trom internal lunds, Owverall, Tor both water and sanitation, the majority of
funds originates trom internal sources.

HEL ENVIRONMENTAL

Lk, Fresh water resources

10,1 Per capita water availability
The studies conducted by Umvoto and SRK reveul that the underlving aguiler
has sulficienl capacily Lo supply water Lo that area [or decades (o come. 1t s
therefore safe 1o assume that there is =1 700 per capita availabilily.

10.2 Rehabilive (1m terms of variability, scasonality cle.. ) at source
Whilst there were some concerns during the drier months. regarding the supply
from the De Bos Dam. with the upcoming exploitation of the aguiter rehabils
issues are no longer valid, One must Keep 10 mind the population baomm durmp
peak season. witich coineides with the suminer months. however it is not Kiown
whil e varjabilily might be.

103 Water quality al source

Water [rom both the De Bos Dam and the aguifer are of pood guality, there is
need for ditferentialed treatment howeser this is not problematic nor 15 It
significantly more costly, Streams and estuaries are relatively unpolluted.

Sce dhe tolleswing reports for a detailed account of water resources Ior Heormanus:
Umvole, undated; Umvolo. 200542 Lmvolo, 2003b; Lwvoto, 2006a: Umvoto, 20060,

11, Sustainability/feasibility of water sonree

11,1 Sustainahility/feasibility of water source
The Tlmvoto Tneception report (pg 41-423 mentions that the current sources are
split as loltows:

8% De Bos Dam (surtace water}

Sustaamability Index for Integrated Lrban Water Manapoment in Sonsheen Alrican Citics
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I-110)

32% Groundwater ([lermanus aqueter)

{See also: Owverberg Dhsiriet Municipatity. 2004)

12, Use
Table J.13: Categories ol water users
Taotal M of Mo of industrial  MNo. ol Other '
Population | household CUs | Clls caommercial Clls | CLs
Hanuklip- 3243 3181 H1 M 44
s leienmicend o _
Hernanus 31 g3y L] 67 TR A MA
Stanford 500 107 NA - |52
- GGanshuui #7340 1234 . 1 43 [
Total 47632 23 691 | 59 v
[2.] Domestic:

12.4

Theoretica] Unit Demand for modelling purposcs Tklid (assume that this is lor
each houschold) (Oversirand Municipality, 2006a; Table OVW3)

1k lshouschold:day divided by on average 4 people per household (same as

Industeral: 0 6%
T8 units represents less the 1% (78111967 — 12045)

Agricultural:
<1300l persandday  directly produced 1o the surrounding arcas (Owersiramd
Muanicipality, 20064a; Table OV W3,

Maintenance of ecosystems: 24%

2.8 x 107" s wilhdrawn from the De Bos Dam bt the dam has a capacity ol 3.7
x 10" therefure assume that the remainder is set aside [or the maintenance of
Lhe riverine systems (Dmvoto Inceplion Report: pe [ Oand 42,

13. Wastewaler managemuent

13.1

3.2

Elluent quautity

Used an estimate of 1001 person/day x 30659 people (full time residents) x 0%,
{assume that 40% gets flushed down the line, hence 40lpersonday} —
1226360L — 1220.4 kI,

Elfluent quality,
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Table J.14:  Etflucnt quality at Hermanus WWTW
(AL Abhott & Associates, 2005)

pH 1t 5] :
Setrleahle Salids {ml1) 4.5 - = il - Mil il il -
Conductivity (a1 25°Cy | - S = = : : ~ " LIE =
[imsm) _
E.Culi (oo 1 00 ml} - 5 = 4 % 4 E 2 o

= - mgl my'l x| mel mg] mgl mgl mel me T
Chemicel {xxen Demans =TT . 1= " 613" - . 1o 724 T3 Max

| Oxygen Absorhed 30,8 - - 38 -~ b 138 130 |38 T Max
Kjeldah] Nitrogen 290 - te . X - : - e
Athmomia Nitrogen 20,2 = - 03 : “an1s | -p1s |50 10 Max

[ Nitrate Niltogen = L6 00 |w2 |- = - 18 :
Nitrite Nitrogen - 1.5 008 | <008 . . - Tio3e |-
Taral Suspended Solids Rl = - 1 2ai = : . 4y 5 Mas
Vilatile Suspended Solids . . . S - . .
Dissalved Onyuen STOTTTINI Nil 438 - 30 3.3 56 1AM

* Fillered

Underflow Shadse - 1L - 4. 9 640 myl
2 - I, 9 2RO my’l
3 -

* Assumesd besl case soenuri

Sustninabilivy Index for tntegrated Urbun Water Management in Southern A lrican Cities
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Table J.15:  Elflucnt quality & Hawston WWITW
(AL Abholl & Associales. 2005)

pH 101 25840

Semleable Solids (mb1} 18 Laz Nil Nil .

Conductivity (at 25°C 1 {mSm) - - - 63,1 250 Max i
L Coli forg. 100 ml) : : - Nil Nil
| Colitorm Bacteria (org. 100ml) - - - Nil :

" med mel me gl mgl

“Chemical Oxygen Demund = S - 6.6 (564%) 73 Max
" Onygen Absorbed 612 THe "6 £2(116% 10 Max

Kjclduhl Sitrowen . 019 ' —
-ﬂﬂmuMHNnM;m 6,1 [ s 14 [0 Max

Niteare Nitrogen - T T <), 20
Nilrile Nitrogen 0,08 = 008 -
[ To! Suspended Solidy B3 S5 2m 14 25 Max

Volarile Suspended Solids E\ A >
Trissolved Oavien - i L6 1.6 7.8 Min

* Viliered ‘ o :

m Underflow sludge

* Assumed Worst case sconario

J-12
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14, Stormwaler management:

14.1

14.2

Filluent quantity; Dependant on LOS

Filluent gquality: Dependant on LOYS

15, Compatibility of water system with the surrounding environment

L

Proximily to solid waste dump or landfill site

There arc arcas located close to the landliH site neur Fisherhaven [or example.
however these seem Lo create more of a public nuisance rather then dirgelly
allecting the water supply {vin Vuwren, 2007 ).

L. Compaltibility of sanitation svstems with the surrounding environment

|6 |

164

16,5

Located on flood prone ares

Hermanus s low Iving {eoustal) and Pyve assumed that all the storm water
draining from higher avcas (swrounding mountaing) discharge lownrds the bay
argit, therctore although drainage systems are in place and are effective in some
areas. assumed that the entire ores under study is flood prone.

Steepness of slope
Cheek contours for the site (Rough estimate [rom Google carth, 2007)

Iighest poinl +/~ 100 m abowve MSL and lowest point +/- 10 m above MSL over
roughly | ko Max Slope — (L0 (9%%)

Depth to groundwater tablc

These vary, The scoping teport prepaced by Umvolo mdicated 1hat most ol the
more then 2000 borcholes or so around Hermanus are no greater then 10m in
depth and hit the primary albwvium aguiler, however some 40-50 are deeper but
also no preater then 10m deep. The depths to the GWT vury from area o arca
hiwwever these significanty surpass the highest category provided in the Lxeel
sheet which is indicutive Ll 11 1s ot ol main pollution coneern.

Soil permeubility: medium permeabilily

Sandstone 13 cncountered (borchole drilling) from 10m — 125 m belonging o the
Peninsula Vonmation of the Table Mountain Group, Overlaving that, one can
find sand and boulders of the Bredasdorp Group (Umvoto. Inception Reporth
Acolion sand deposits. hittoral sandstone and limestone oceur near the coast:
{1 mvata scoping reporl. pe 3.

Crronned stability
There are no major problems with ground stabiliny (Personal communications
with Kornelius Riman. Umvoto: and James van Der Lindc).
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17. Environmentul stresses

7.1 % ol polluted water sources
All reports indicate that all water sources are ol generally eood quality in the
Hermanus arca. despite needing some treaument {or consumption purposes,
here is also good indication of preservation of riverine syslems.

17.2 % of total area idenufied as severely water stressed

Global water scarcity - 2030

62%* ol world populauon

¥ i

LI SFIITITIE RS ERr
*{ 1ANE - SRR 0 37 b pear:
LTS R T O TR

Tiata frem Fischer mul Tieiliz (1997

Figure J.1: Falkenmark water stress indicator
(Rijsherman. 2004: po 3}

Wiater Slress loator Wited rawal-1o-4 va:labd ity Ratio [CR)

e Shroes Lo Hhrocs Mid Stroce H ih SerpLe ‘Jr:.i Hith Shrocs

o (T a2 0.4 ae

Figure ).2: Waler siress analysis hased on the eriteality ratio
(Rasberman, 204 pg 6)

Whilst the map shows that penerally speaking, the wihole of South Africa s highly
waler siressed. more recent studies indicate that [or Hermanus i particular. there are
sullicient resources lor the growing peeds and or generations o come (Personal

Sostainabiiy ndes Tor Integrated Lreban Waler Management in Southern Atoican Citics
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Contact, Stephen Muller, Overstrand Municiplaity). Caution should be taken when
mentioning these resources as there are extraction limits and such constraints.
Hermanus has explored other possibilities for complementing water supply such as
desalination for domestic purposes and treated effluent for irrigation.

IV. POLITICAL

18. Governance

Qualitative assessments for all three variables based on review of the literature, visits
to Hermanus, consultation with the municipality and personal observations were made
(including Mr van Der Linde).

18.1

Democracy and representation

18.2 Measure of corruption

18.3

Defined roles and responsibilities

19. Compliance with policy and regulation

19.1

19.2

Compliance with government policies: Dependant on LOS

Compliance with MDGs: Dependant on LOS

V. INSTITUTIONAL

20. Institutional and technical capacity

20.1

20.2

20.3

Adoption of IWRM approach

Both the reports and the meeting with Mr Kornelius confirmed that there is
adoption of IWRM principles. DWAF acts as the policy setting and regulating
authority as well as having a sort of ‘inspector’ role. The municipality then
implements the necessary changes to ensure compliance with DWAF criteria or
standards.

No of water management institutions
(1) Municipality is the main management authority, but it does sub-contract
work when it is necessary.

Adoption of alternative water supply technologies

Water tanks (limited use capacity as in Durban’s 200l/hhld/day), rain harvesting,
dual reticulation and greywater reuse, low pressure showers are some of the
examples which have been employed in other parts of the country, however this
has been lacking in Hermanus. Although the GHWCP had a component which

Sustainability Index for Integrated Urban Water Management in Southern African Cities



20.4

20.5

J1-16

included such considerations. it was not implemented whide the programime was
running. Furthermore there is no indication that these are being implemented at
proscnt.

Adoption of sustainable sanitation

Use of sall or orey water Tor flushing (dual reticolation), low flush toilets,
compasting are again some examples of alternative and more sustainable tvpes
of sanitation, There is no ndication in any of the reports that these were
cmploved in | lermanus,

Corresponding education levels for staff

Table ).16: Stall exportise and skills levels
{Overstrand Municipality, 2006¢; annual report 2006-20007; pe 16)

_ Occupational levels _ Male BB Female Total
At e | i A @) ¢ ow

L. lop managemeant 3 1 4 = £ . - - a
2. Senor munagement - 2 - - ] - 1 AL
3. Professiomully gqualifivd and 2 4 - - ] - 2 24
experizneed specialisiz N 0@, S "
4. Skilled echoical and 3 |7 - 4 5 - 16 72
academically qualified
workuors ' i
5. Semi-skilled and 45 97 - S iy - 42 : 50
discretionary decision naking : _ I -
6. Unskillsd and defined PPEN 1A% - 1 6 15 : ERb
decizion making :

Towl 21 | o8 | - 20 | a1t . - |6 ;2

Considered the hirst [ive categones as sulbiciently skilled labour o perform thetr johs,
thercfore of a total of 735, 406 arc skilled staff members, representing a 34% skilled
work ioree.

2006

207

Maonitoring capability

According to Mr Komelius Riman. the fact thal the mumcipality imtiated
monitoring of proundwater through Unvvoto and is hoping to take oo this role in
future, is indicative of the capability for monitoring. albeit at a initial stage.
There are other organisations involved in this. DWAF certainly has monitoring
duties {ensures that the service provider 15 performing accordimgly). interest
groups, nature conservallonust groups {Cape Nature Reserve) e, DWAFS
Working lor Water Progranune.

Reliability of service provision
This 15 very reliable. The only cases of service cuts are due Lo gon-payment lor
Services.

Sustginability Index for Integrated Urban Water Management in Southeen African Ciries
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2008 Failure in service delivery due to dependence on other sectors

Other seetors are equally well run: this might be largely because they are
managed by the same institution which ensures an overall good performance.
Budgets do however vary across different sectors and this can affeer the
performanee of cach sector as well as how performance in each seetor ¢an then
mluepce the next, In future index assessments it is recommended that these
discrepancies be assessed and accounted lor in the ¢ase of signilicant ¢ross-
sectoral inlluences,
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Appen

dix K

Sustainability Index application; Maputo data sheet

Population dynamies for Mozambigue: Lrban Maputo

Table K.1: Population of Maputa Cits: Districts 1-5 (FIPAG Report, 20035; annex 1)

2005 2007 2012 2017 __l
| District I: 202 454 209 715 225 008 237 425 '
District 2; |78 5106 82 465 £ 792 2011 555
District 3: 230 948 236 056 248 098 24 753
CDistrict4: 269745 281 082 311164 341 040
District 5: 207 41 3140 620 A0l 719 ! 403 57|
| TCr Al LT J [ 3EATE | 3560 72 | 444 344

Tahle K.2: National Population Stalistics (INE Website: 03705107 008:21)

2005

206

Fopulation 2001 20002 2003 2004 2uu7
Tutul 17656053 | 18.082 55 18521246 | IR972.596 | 194200036 | 19888701 20366795
Ylen RAREGAR BT 90H) R919.3135 9115838 L.36E 425 HeU03 9RITE
| Waomen 67495 G SR RS QoA O3] BRIBSSE | FROSLAT] C IO2ESaT0 0 10.524,055
_Prm-'im‘.r.-.s ;
Minassa BuUs 126 ‘J'I_!."?.{:JZ Y4 .08 Bfh. 5T Qo 357 1.0027.037 1.0055.482
Cabo ot : i
P95 220 | 323654 L5356 7R . |L5ER 741 |.617EBS | 58270 RN
Delyada i B : -
Nampula 3.537.0449 FaAlid] 3483420 35863229 30T 3767011 38601347
Zambézia 39501 3475484 3,330,003 3645650 3.7 LH L] 3_.?“-1.5{.3‘\1' SRR 184
Tete 1.353.436 1,388,205 1120563 i .4I.":n__l_._65f_l' 1511832 15514944 .393.758
Maniea 11789249 12073532 1.243.638 i ZR0.529 | 320232 i.359923 | M) 4L5
Solala 1.484.535 f.51 6. 66 | 548.748 | 582256 1.63782| i e B B b i
Inhambane [ 280 s 1326 548 | 363,506 1401216 138023 |AI2349 ¢ |,444.282
{.a7a 1.231,328 Iﬁ()(;*r_ll_]_'_i‘}‘}'ﬁ_fl] [.333.540 1.30470% 1.333.105 1.362.174
M putn i ) : i
Qg 834 | CHEZ. Qe 03832 (ILEE St 3 | A FO72.086 1 1098 8d4n
IFrovingin BT - -
el prunko % ! 3 -
) [L0E1.24 0416l 8 | p38.833 | 072035 | 21H.873 B 2 iy | 271.564
LRTIFTITY

* These values are Tower then for Mapuele City, therefore will asswmne Ul they exclude the populativn ol

hMapure City. The projections by 1T8L and L IPAGs below differ scinewha
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L. Access to water supply

1,1 ‘l'otal collection time: Dependant on LOS
This variable is caleulated on the basis of Lhe tvpe and level of service available
however some additional information was made available which indicates that on
average households spend 15 minutes collecling water at dislances no greater then |
hoars walk.

Table K.3: Time amd distance constrainls 10 accessing water
(CRA, 2006 Bepefictary assessment: pg 43)

Sources Mo, | Distance to source {minntes) Waiting times (minutes) |
= _i s i Averapge | Deviation | Min/Max | Average | Deviation | Min;"ﬂ'l'a-wi _
Meighhours 1445 50 A | -t ERY | 3,68 (1=t
Lap
AdeM taps | 8n 3.3 928 285 | T N\ 23S .
Private fif I1.3% 521 2-43 32 LR - 1440
Laps
Well 41 | .69 487 |30 ['5.44 EE Q=2
Communal | 11 850 587 |30 TESS S48 1-2410)
, well !
ef]uipped ! I

Cowirh
_pumpls] ) ! i
Tatal Jal ; Il_.l.*-'ll‘:l R.U6 | 1-610 | 15.34 2874 0-2410

.2 Gender Bias: Dependant on LOS
There 14 no direct study looking at the responsibility of women in providing water for
the househaold tor this case study arca. In gencral it is however widely recognised that
given women's domestic roles. this hurden falls heaviiy on them. and at times on
young children who are not attending school. The health survey carried out by INE
provides a understanding of the role of women (in terms of decision making) in the
house, which then teils us whether their interests are well represented.

Sustainability Index for Inteprated Leban Water Manasement in Southerm Alvican Citics



Table K.4: Women's point of view on women's decision-making authority in the houschold (INE, 2003: pg 44)

Maputo 627 473 ol 1} 86 49 a1z 193

Maputo City | 522 | 33.4 47 g [ «s= n7 246

* Lowoks ut the percenlge of women which contribute o making decision regurding the above mentioned issucs.

‘Table K.5: Men's point of view on women's decision-making authority in the household (INE, 2003, pg 43}

Maputo | o0 0.7 83,2 | 90,1 465 78. 415

Mapuro Gy | 6.9 786 623 L ass | 69,1 o4 240

i r—a ’ e I
* [.onks ut the purcentage ol men which comribule to making decision regarding the ubove mentivned issues.

Sustainability Index for Integrated E rban Water Management in Southern Afrcan Cities
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Conflict over water sources

At a river basin Jevel, good communication and joint management of shared
resources has reduced the potential for conflicts, However within the case study arca
{(Mapuwte City) the potential lor conflict or actual sitoations of conflict dilter for
dilferent water users. The issue of conflict is not in terms of catepones of users
(donmestic, industrial. commercial)y but rather withm the domestic category, In this
CAtSROTY POOr SCrvice provision to the majority of the population has resalted i some
strained relationships between the provider and consumers, as well as across different
consumets i dilferent arcas, The other polential caose ol condlict 15 between the
lormal AdeM providers and the Small Scale Independent Providers {S5IPs). 551Ps
have flourished in the face of considerable need lor service provision and poor
responses 1o this erisis from AdeM in the past, AdeM™s current plans are to expand
into arcas which are currently served by 851Ps, as they are within their legal rights
do so. SSIPs while key role players. are not legally appointed for the provision of
water services, The argumaent pocs that small scale providers have done AdeM’s job
when the utility couldn’t, Furthermore these are public enterprises which contribute
signiltcantly 1o poverty alleviaton in those areas. Any court ruling would have to
provide a good compromise for both parties. Currently FIPAG is attempling to
nitiate an amicuble agreemant between these two parties, one which might be
satistactory to all. Tt i2 not clear what this might entail but it is certainly a positive
approach and one which can climinate potential confliet. In light of all these
considerations. it will be assumed that although there is potential for contlict, this is
not present at the mament,

% with access to protected water

The national health survey conducted by INE., indicates that 953.7% ol the populition
of Muputo Cily 15 making use of nuproved water supply sources (Llso de fontes de
agua polavel melhoradal, (INL Report, 2003, indicator lists)

2. Aceess and ase of sanitation facilitics

No. ol people per sanitation facility: Dependant on LOS
Satety ol use and to access facilives: Dependant om 1.O8

Cultural and social acceptability: Dependant on LOS

I, Levels of servicee

Tad

Tad

ol b

LS |

Water supply (AdeM, 2003; 2004; 2005; 2006, and 2007) (Sec also: UNICEF &
WHO, 2006a, UINTCFEE & WHO. 2006b).

Sanitation { CNICED & WO, 2006a, TNICEF & WHO, 2006h)

Prruinage {(Consullee, 2005; IV Engenheiros, 1984)

Waste collection

Sustainability [ndex for Integraied Ueban Water Muanaszement in Southecn Alrican Cities
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Tahle K.6: 2006 (Sccond) Beneficiary asscssment {CRA; 2006)

Beneticiary 2001 20 {
assessment
Watel soures” 32%  had  hoozsehold  eonpactions  or | 22.8% had howsehold connections or

cownections i the vard

conneeLions in e vard

2% paed the neighbours tap
D were supplied by 551Ps via either

Rt conmeetions or standpipes

7% makes uwse ol standpipes (o
Ade™'s amall systems
12% makes use of standpipes  from

AcleM s formal network

26% used the neighbours lap
22,85 were supplied by 5500 v
cither house conneetions {1 1.53%) or
standpipas {1 1.5%)

3.7%0 miakes use of swndpipes from
AdeM's small systems |
0. 7% makes use of standpipes from
AdleM s formel nerwork

26% make use of privale boreholes ghd

wells

2% howsehold well

and wells

O 8% make use of private horchales

5.5 househald well

0.2% public wull

| &% public well

I Mraymenl leyvels

+ ﬂ\-’EriigE oSt

BAGMT:m® (§0.38 =
B2 2m' )

Averaze costs: [96MTim" (§0.75 =
R3.3m’)

5% ol the populglion interviewcd pays
mire than this
More eapensive in peci-urban areas

5% of the populaion intervicwed
pays mare then rthis
More eapensive L peri-urban areas

Llse

Average consumption for Gemilics widh
Fpzehold connections (in-home or vard
|4 73m  fumiby: otk

Average conswnpton lor fumilics

with  houszshold  connectiomz  din-

o or yard) |14 amily month

Average  eonswuplivn o Ber Funilics

without household conpections {in-home
ar yardy 1. 83m lamilyimanth

Averare  consumption for Gamilics
without household connections {in-
home or yurd) 2. 7%m ™ Gamily/month

There i a high willingness o puy for
howsehold eonnegtions {in-hime g yard)

for reeduce current ates of pay et

There is o high willineEhess b pay
firr howzehald connections [in-home

or yardp woreduce current rales of

payment

The governing criteria o determine LOS will be access to sanitation, which ofien lags
behind water supply.
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Table K.7: Levels of service (FIPAG Repart, 2005: pe 62)

. Type of service/% installation/family Total Peri-urhan Areas .
| | Internal | Intermediate | Fxternal |
S nitation . |
o Improved latrines i 442 525 471
«  Traditional latrines 6.5 [£:.0] [ 4.5 5.4
s Nom 02 00 0.0 0.5
Connectinns to the electricity network 472 Bl oo 38,5
| Connections to the water supply networl g Al | 42.6 26.6
Total Population = | 322 528 {estimated howeyer 204 715 people live within district |0 16% of the tofal

population in eur study arca, district =55 The remaineder 84% are siluaded in the peri-urban arcas.

LOS 1: 16%

Currently only District 1 s fully serviced in terms of water supply tinside ihe home), water
bome sewerage and dramage (primary). Will take the population m that distriet and divide
by the total to pet a %o = (209 715/ (1 322 5281 = 16%

T'he situation in the other districts s harder to catcgorise as there are large variations across
neighbourboods within the same urban district.

w5 2E o

oy ﬁ _'D.L
i |
Harehals ﬂ i
-
=2
b i =

e s oid
cnnAschiar [plag
daperatorl

e hbowe e

corpneslion ]

Heruhelhald
connnchen | Bdey

Water Supply Category

Figure k.1: Breakdown ol water supply/service category
(FIPAG Report, 2005; pg 63)

LOS 2: 3%
In the remaining distrrets (the peri-urban areas). there is considerable water supply

infrastructure, provided by both the formal supplicr (AdeM) and S51Ps,

Water supply: 32.3% (Figure K. L: 2007% +11.6% = 32.3%)

sustatnability [ndex for lntegrated Lichan MWater Management in Southern African Citics



Sanitation: 36.2% (accounting for septic tanks)

The governing erileria to delenmine LOS will be acceess to sanitation (36%). which often
Tugs behind waler supply. Plus the 32.3% represents in-house connections however there
are seme 20,3% with access to vard taps/neighbours taps (FIPAG Repoct, 2005; pe 630,

4% ol population is in peri-urban arcas and ol these 36.2% have access 1o OS2,
theretore 36% of 84% = 30.2% {round it down to 3%,

1.OS 3;: 39%
47 1% (Table K.7; improved pit latrines)
B4 w 47,1% — 39.5% (round it dowin ta 39%0)

1.OS 4: 13%
16.5% (lraditional Talrines)
£ % 16,5% — 13.9% (rownd it down to 13%)

LOS 5: 2%
2% [nomc)
845 x 0.2% — 1.7% (round it up 1o 2"0)

arcas beneit very little [rom [ormal services. Nevertheless in certain neighbourhoods there
are informal means of drainage (docally built with low quality matenals), as well as
mechanisms o deal wilh wasle dispesal (oflen involves burning the waste or a common yet
unusnal practice of surreptitionsly dunping wasie in neighbouring housces). The formad
draimage syslem does eover some pirls of the peripheral citv. however not stenificantly.
Furthermore good drainage capacity (high seil permeability), less built up spaces
{underdeveloped) and pood dramiuge slopes indicate that drainage 15 not a major problem.
excepl in the case of major flooding henee LOS will cousider the 1irst two serviees
( Lahmever International ez af., 2004; pg 2.2).

l'or a more detailed account ol water supply by AdceM reler w the vearly technical and
Inancial reports by AdeM (AdeM, 2005: AdeM, 2004: AdeM, 2005: AdeM, 2006; AdeM.
2007,

4. Vulnerability

4.1 Suscepltibility W drsasters:
. Dolines & sinkholes: none

. Earthgquakes: yos (TTarinady, 2002; [Tartnady, nndated; Hartnady er af..
undated)

Papers by Tlartnady indicate that the world bas largely underestimated  seismic
activity in the African continent, The re-defining of plates in this reeion and the
discovery ol a plute ranming through Maozambigue (Rovama plate) bas suggested that

Sustginability Tndes For Inlegraled Urban Woater Managoimenl in Southern Adrican Citics
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there is risk of earthquakes in the area, This is corroborated by the carthguake which
was lelt 10 the south and central arcas of Mosnnbigue m Febrwary 2006 (22 Felwuary
2006), of magnitude 7,

. Draughts; ves

In parts of Maputo Provinee, the rate ol evapo-lranspiralion exceeds the ammual
average ramfall, even in the wet sgason (Decomber to March) This s cause for
CONCET as Muny rivers of wbularies are then seasonal and the availabilicy ol waer
resolrces s not only varable bul also questionable, heoee the high deowght
susceptibility ot the Provinee (and the country m general) (Furocomsall. 1989 pe 4).
I'loods and droughts are important features in this basin (Umibelua River basin.
Floods have various peaks as o result of the contributjons of ditferent tributaries
which have different raindall patterns. There are extensive periods of droughl. The
vears 1982 and 1983 were extremely dry. the flows decreasing to 0.2m’'s at the
barder {(between Mozamlugue and Swaztland) {Earoconsult, 1989 pe 7).

@ Tropical exclones and Floods: ves

As evideneed hy the reeent exelone ocearrences and resulting floods, the South and
Centre (particularly) parts of Mozambigue are highty susceptible to these events, The
maps provided by CENOE (2002) on the 2001 Neods indiciies that Mapulo Provinee
artd Mapuato cily are moderately valnerable to evelones and highly vulnerable Noods
(LN Moswnbique. 2007

. Tsunamis/shockwaves: no

. Firgs: yes. bul not aware of the effects.

Although there are certainly caxcs ol [ire m the city. there are some alleviating factors
such as low wind conditions and hich huniday which contribute 1o reducig the
eficets und Iregueney of [ires; whereas in areas ol the Western Cape, particularly in
Cape Town, opposing tactors such as high wind velocities, lugh densities in informal
arcas and the cxtensive wse ol paralln and oit conibule significantly w the
occurrence and spread of fires,

[ask management and disaster mitipation

The 2001 floods highlighted just how woprepared the counury was Lo respond to
nalural disaster, The lack of rescue personnel and equipment, as well lack ol funding
and expertise [or this were the main contrbutors. The rescue elforts and allermath
mitigabion medsures were largely possible due to the intervention of NGOs. foreipn
governments and institutions: as well as some support from civil society. Mure recenl
cvents: 2006-2007 Noodimg: showed better preparedness and responsivencss from the
Mozambican government, There is however much work that needs o be done n this
regard: primanly addressing (he leatures (mlrastructure) and safety nets of citics
which cnable them 1o cope with the clfcets ol natiral disasters.
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5. Heallh status

Ly

0
(2]

L]

Under 5 mornality rate: 8.9%,
{ Faxa de morabidade mlasto-juvenil) 15 82 (obitos por 1000 noscimentas) theretore
SUAD00 100 — B.9% (INL. 2003; Indrcator table, imtroductory puges)

Muluria-related [Deaths: 0,049

560 in 2003, markisg o decrease lrom previous years, Assuming that this decline
comtinues, in the absence of up-to-date dula it is reasonable 1o use the above figure
Tor 2006-2007.

SO0 322528 = 0044

Warer-related discases: 62
The following three water related diseases will provide an indication of the overall
state of water discases. Lo, cholera, diwrhoea, dysentery .,

Cholera 45333 7 1 322 528 —(0L.3%,
[arhoca 63 456 /1 322 5328 — 3%
Dysentery 1331171322 578 — 1%

4553 + 63 4536 + 13 511 ~ Rl 220 combined incidences ol the above diseuses.
Assuming that there 15 no duplication in the aggregation of the above numbers (the
sarnc porsont contracting more then one of the discases), the above igure represents a
lotal of 62 incidences (81 32071 322 328 {0615 x 1000 = 61.5 = 62 cases/ 1000
inhabitamts) (REDE. 2004: pg 8,

Will use duta om cholera tor nonw — 1127 reported cases 1 2002 lor 2 2007 population
of | 322 528 = 0U8% or (113771 322 328— (L0008 cases for total population
therefore 008 per 100U people, sav T inevery 1000),

HIV/ALDS: 20 7%,

The 200-2003 staustical sanitary profile for the City of Maputo indicated a
HINV/ATDS prevalence rale of [ 7.3% (REDL, 2004; pu 53-8). More recent reports from
MISATT indicate that this value has risen to 207, Maputo then having the sceond
highest HIVAAIDS prevalence in the country. superseded ouly by Solala (REDE,
2004, MISATI, 2007),

Sustatinatrilily Indes Tor Intearaled [rban Water Management in Southern African Cities



Table K.8: Incidences of water related diseases in Maputo City

2000+ 207 520 1149 59 876 2:3 3 24, 2

2002+ 08§22 969 53 740 256 | 153 I5
20067 : : - i : : ;
2007 s 3 = | 2 s

Table K.9: Incidences of water related discases in Maputo Province: Maputo Clty Statistics
(REDE. 2004; pg 5-8).

2000 256 356 W ue s 68 (132 M 7 044 1 38
000 20750 | w1 | 34 & s 59876 255 | _ 474 0 b154
2002 08 K22 960 1159 15 s3an 256 4733 na 6393

7302 S60 4SS a5 63456 | 153 1331 0 9467

03 |
L2004

|_ 2005 l
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6, Education and awareness

.1

&2

Level of dissemination

Level of stakeholder consultation and publie participation

The tollowing is a hst ol projeets nudertahen by AdeM us o means o promote wider
dissemination and awarencss of water supply and associated health issues (AdeM.
Relatdrio annual, 2006 pel6):

Conception und installation ol the AdeM paviliion aw Feira Popular de Muaputo
(FACIM).

Development ol a brochure in partnership with PAYSIHOP for the disclosure of
agents and pavment locations for water services,

Conceplion and coordination of the informative AdeM webpage,

Participation on the  cducational
MuGrelle — Mulher Género e Desenvolvimento, where issucs of walcr wastage
were addressed as well us  the need 1o address the vast expansion ol illegal
comnections  towards the adequate maintenance of domestic water supply
services. As a result ol this project. cases and areas ol water wastage were
identified tor further improvement, This was indicative of a good collabovative
prajeet between eitizens and service provider.

environmentallyv-relaled  programme ol

The tollowing tuble goes further o explore from a social perspective, the population
wlich has access to forms media, In this way eiving an indication of the means ol
disscmination available.

Table K.10: Media coverage (%)
(INL, 2003; pg 34-33)

| Characteristics 1| Newspuper | TV CRadi All | None | mufuumm_
WOMLEN
Residence
~ Rural i, 1.5 364 i1 f2.06 TR0
Lirkan G 3T 028 R 292 4548.
I'ruvines
Mapule 2.4 A 64,9 iz A [41500
Belapuin Ciry 178 | St oo 253 [0 050 |
Richness ;
guintile
i 0.0 4 209 0.0 T 1814
s 0.2 10 322 . 674 | 2166 |
Kk 1.2 1.9 A4 4 .| 30,0 3333
4" 24 o8 37 1.1 4.1 2251
e 4.3 38 1 714 10.4 08 1854
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B MEN
Residence i i
| Rural 32 il . 6% 0.4 3.2 | 703
Lrban MR | AN 849 %) 9.4) 1195
Provinec \ _ i I o
Maputo . Er | oy . EEy 12 5.1 197
Pt Oy ak.h Wit 3 Ha 1R KR 2l
Richmisss . I
" quintile e ! :
i2! 1.6 0.7 58.2 {1.4) 41.7 640
c 2.8 _as | Bs .3 5.4 483 i
o i 12 748 .3 60 spE }
Al 105 221 84,3 .2 125 £ 489 i
Lt RN PosRE || el Mp | 3§ | 711

The tatal number of people with access and who muke use of mass media (news
paper. television and radio) as shown above 1s: 12.2% (fomaley + 30.8% (male) =
42.2% (total). This shows that a signilicant number of people have access and Lhe
means to be informed however it does hot indicauve of actual dissemimation of
information (advertising, programmes.. ) It is necessary to include both elements in
such asscssmients, the means and the procrammes, i order o ensure that there is
awareness. The following organisations have endeavoured to address information and
cducation programmics w the following mannces:

FIPAG: Consultation with 851Ps an expanding the water supply networks, Through
these diseusstons there s dissemination, consultation and partrerpation.

CRA: Broadcasting information on taxes, conducting surveys o determine peoples
capacity and willingness to pay, conducling survevs on user satisfaction (benefictary
asscssTIcnly Cle.

AdeM: Social programmes for awareness creation and intormation dissemination.

Water Aid: A component ol hygiene education. information dissemination in their
water and sanitation projects in some peri-urban neighbourhoods i.c. Urbanizagio.

NICEF: Tvgiene education.

MISAU: Aids awarcness campargns and hvgiene campaigns {strohger in rural arcas).

Il ECOMNOMIC

T. Capacily (to pay Ter services)
7.1 % of people with secondary cducation
From Table K.11 1t is possible 1o estimate the percentage ol people with higher

education. The total female population in Mapwlo city with secondary education
and more is — 2.0% (secondary education comptete) - 1.7% {other) = 3. 7%
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Table K.11: Lducation levels: percentape of women and men with different education levels for Maputo Uity
(INL. 2003)

No schooling  Incomplere Incomplere Complets Secondary Ny Toral © No of women
primary primary secondary secondary schooline and.  informarion

) swhool school | school schiol | above SRS | || L
i WOMEN
Province e :

Mapuito 20.5 619 1.1 94 U8 0.2 0.2 104 1822

| Mapucas City (U ole 39 vz AN, 3 0 LS 1T |

; = 5 3 MEN o,

Provinee

Maputo 0.8 68,5 5. N 09 (b4 T labd |
| Maputo Ciry 14 fil),§ 5 2 43 V3 20 i 1547

L |
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M

The total male population with secondury education and more = 4.3% | 3.3% — 7.6%.
brom same statistics there are roughly the same number of males and females which
make up the total population of the oy, therelore roughly 109%, {3.3% | 7.6%) of
the population has secondary schooling or higher,

7.2 Unemplovment rate; 40%

Table K.12: Working force per categorics {INE Website, 2007)

 Characeristies | sex A
| l. Men Women Tol
Total 14.7 P 18.7
Mer residence area _ i ) - _
Lirhar ) Al ) 3.0
Rural o ; A 15.7 124
PFrovinces

Maputo Provinee AH AT Ing

Felpeation lewely

o L L g0 157 - 13.n
Primary cducation, level 11.6 211 16.5
Primiary educution. Tevel 2 2002 R FilpH |
Secomdry coueation o R Lo e ANE 34.2
Mo info available ; .t .4 5.5

T3 lncome levels

Table K.13: Houschold income levels per richness quinttle (INEL 2003; pe 19)

Rural lighan e R

Richness : ;

iquintile ) .

P 243 16 i (.0
2 o0 T 45 A
3 . 258 0.8 Tl i3
4 [5.9 295 | 334 E,
it ha 96 ﬁﬂa.n H2.5

Adduional reports provide more conerete information: “In Maputo City 40% (ol the
poptlation’ is defined as poor by country standards”, (Sweeo ef wf,, 2005 po 8). The
score card report produced by Meoer for the City for Mapule indicates that
houscholds cam on average 3250 per month (R 1775), however 56% of familics carn
below $100 per month. This translates to an average of R710¢householdimonth

Suslainabiiity Index for Integrated Loban Water Management in Southern African Cities
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{current exchunge rate 18 $1 — R7. 11 (Metier. 2006: pg 21 The ussumplion made here
imthat a RI179 [(RIT75 x 44%) + (R710 x 56%)] averape income can be expocted.

74 Noo of days taken off work duc to water-related discases: Guesstimate was
cmploved lere as there is no data on this, Estimates were based on the incidence
ol water-related diseuses proposed n tables K8 and K.5.

T Mininiom/Basic water tan (1 33 m7

T

2006 tariffs quoted lrom Beneficiary Assessment (CRA. 2006): R3.3m’ (50.75m7)
Older tanfts quoted by FIPAG (2003) R2.98/m” (50.42/m™)

Table K.14: Water tariffs
(FIPAG Reporl. 20052 pi 54)

 Tariff (US/m?) (2003 [2004 2005 2006 | 2007 | 2008 |
Mrice’m’ L e -
Averype domestic 1arift . 0,29 034 03T .39 .42 |04z
Public taps pE  [eze 63 0,23 028 (.25
Men-domestic | 037 (.65 AN | 03 .84 ih 54
Average "glabal Lanlt I US4 ! 046 : 49 .53 (k53 .54

The miminun tanft for houschold access {the aim is to provide full access o all
tnhabitants theretore this will be the restriciive farill’ and not public standpipes or
otlier sources) — $0.42 x 7.1 {current exchange rate to Rands) = R2.98/m’

K. Cost recovery

8.1 %% ol users paying for water: 73%

Tahble K.15: Lsers paving lor water
{I'IPAG Repaort, 2003 pud8)

| % of users paying for water per tulegrlw}-'

: oz P O

~ Domestic Ty ) 69%% =l I
~ Fublic S 6% ’ 3T7% -
_Cammurcil M 6% 2% I
- Industrial Gy ! Y1 L a2l

| Taps 3% i 44% |6

| Fotal 76% . 1% am

The above values mdicate the percentage ol billed (invoiced amount) water thial was
in fact collected for 2002-2003. This figure will be used for 2006-2007.
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8.2 %o of UFW: 58% {AdeM, 2006). {sce also FIPAG. 20071

8.3 FBW: Ol'personiduy

{1 Fpersondday (not o policy minative however the number of illegal connections
indicates that a pood propartion of the population obtains water lor tree, albeit
iHegally). There 15 no lormal decree that people shall be provided free hasic
witer every maonth however in some peri-urban neighbourhoods there are
mititives Lo provide poorer income groups with @ minimum water supply from
public standpipes at no charpe, The volumes vary lrom neighbourhood to
neighbourhood. The Beneliciary Assessment {CRA, 2006) indicates that of 21
neighbourhoods interviewed in the Greater Maputo area, 529 of which provide
free water. The following table indicates which of the 2Incighbourhoods are
ocuted within Maputo Cuty boundaries us delined here (Districts 1-5).

Table K.16: Free busic watter (1nltrmatl)

Neighbourhoods I'rec water ™S
Chatmanculo © Mk
Clhinnneule I M :
Acropors B Provide 1o the more needy
Micadjuing Brovide 2t containers per day to the needy
Wasagquene [ F Ny
Polana Canige B - Proveide o e more oeedy S
Luifs Cubrul Provviele to the nwre needy o
Malkapwene Mo puhlic zourees
!_q-lkﬁﬂ.:d — Mo public sounces
Mussumbuluco o
Singatela Provide W the mure necdy
Lunhiga Mo
S de Feversiro Prosvide to the miore nesdy

Malluzine Provide 1o the nore necds

| Liielane )

| Mahotas  Proside o the mare oeedy
Albasine Provide 1 tin container per day 1o the needy
Cangalole T
Bairro | Boane o
Buirro 2 Bounge Provvide 2 tin concainers per day (o the needy
RBuirro 3 Boane rovide o the more necdy

9. Investment levels

Government Expenditures: Water and other public works.

sustainabilicy Indes Tor Intearated Urban Water Management i Soqthem African Cities
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Table K.17: Water provision and related works expenditure levels [or Mozambigue
{Rescarch by povernment of Mozansbigue)

L 1 N 2001 2002 | 2003 | 2004
Water and uther Public works
Expenditure Totul Investment ' 15.5% | | r.4%; 0% [ {1.3%: |
| Lxpenditure | B ‘ ‘
Fapendilure in Water and other = : :
g iy ) : | f.48 B39 4% T.4%
Public Warks Total Lypenditwe | R e

Source: PRSP (2064 2003 Review done h} Lhe Muzambigue Governent
9.1 % budgel incrcase [or waler supply (Table KO8}

9.2 % budget increase lor sanitation ( Table K. 19}

9.3 % budeet increase {or Q&M (table K. 209

There 13 dilliculty i deterommog  budgelary  increascs, matnly  because  the
information 15 not casily accessible, but also because investiments in the area of water
supply and sanitation 1s donminated by many mstitations. which perform sumilar tasks.
Iy the case of water supply, FIPAG is the major investment agency and others work
throngh o with FIPAG. However there are small scale projects implemented and
financed by institutions, particularly NGOs which do not conform to this practice.

[n the sanitation areng. the man institution is the municipality and it was
extremely difficult to obtain specitic data from the CMM in the short period of
research in Mapute, The following values represent estimates.

A viable option was 10 look at the percentage increase/decrease 1n investments
from {they previous vear(s). This shows whether there 15 increasingddecreasing
commitment o investing on serviee provision. Caation is advised in drawing
straightforward conelusions because increascd/decreased expenditure with time may
be s a result of many [actors. In the case of operation and mainlenance i particular,
this can be indicative of the degradation of the svstem due to aging intrastructure
ruther then expansions. This is nometheless positive, as increased investments Lo repair
and unprove supply systems and infrastructure is indicauve ol greater concem and
apprecialion [or the services they provide. Inllation can also be a contributor.

94 Sources ollinvesiment: external andfor inlernational
Municipal funds are largely dependant on cash inputs from national povernment
(Mcter. 2004, pg 710 AL national level however, there are significanl capital
injections from international donor oreanisations and forcign povernments such
as the World Bank. UUN, BAD., Swiss Corporation {Swedish Government).
American and British Governments. ..

Sustainahilily Index for Integruted Urbun Warer Mansgement i Southern Attican Ciries
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Table K 18: Waler supply projects in Maputo City, 2005-2006

K-18

Project 2006 ( AdeM. Investments 2006 Project 2005 (AdeM. relatorio | Investments 2005 Investor Implementing
relmoric anpual, 2006; pu annual, 2003 pe 11-12) Agency
| 13-19) S
Improved water supply to | 5 250 000 Avroporo & T 16.6 billion = R4 747857 IPAD ¢Instituto AdeM
the peighbowrhoods of (R1 775 (0n* | irbanizacd- 12.6Km Poctugatede Apoi
Mazaquene B3 and C. Estddio da  Machava- s DR
U'rbanizacao. and IKm !
Aeroporo Matola Rio Djuba
AKm
Boarce- 20Km
Mathava Sede- Zhm
(pgrade of the laboratory | € 250 000 IPAD AdeM
(R2 400 OOy ** NN | D | 8
Rehabilatation of the BA30 00U O H¥I% 333 333 LAD (Buaocn FIPAG
Maputo Water supply ispread over a at leasr 3 Africang de
network vens 2005-2007) Desenvolyimento)
(R2A%5 000 000:% = SWH(Warld Bank)
! RH2R 333 333 N N e
Rehabilitation of the S 120000 (R8S2 000} IIP AL AdeM AdeM
| Matala Shop R i
Othuers o W i o A ni n:a
TCFi Al RE30 3600333 RR25 333333
=Rl

=21 = R9.6: {RE33 560 353 - RE28 533 333y RK28 332 333 = 0L61%

Sustinabilty Index for lnicgrated 1irhan Waree Manasement in Soulhern Alrican Cities
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Yo of budget increase for sanitation provision: Qualitanve assessment (CMM, 2007: Nhampossa, 2007)

This is bused on the concluded and currently runsing projects for 2086

Tuble K.19: Sanitation projects in Mapuwto City. 2005-2006

Budget inerease for O&M: 2 1%
(518 196 - 428 680)/ 428 6RO — 20, 88%,

Tuble K.20: Operation and maintenance budgets { AdeM. 2006; annex, financial data)

Total | S18194 | A2RA80

Sustainability Index for lntegrated Urban Water Manarenwent in Southern Azrican Uilics
Appendix K
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1L ENVIRONMEMNTAL

10 Fresh water resources

HOLL Per capita water availability: roughly 2482 n1'1.-"pcr.<;m1.-"du3-'
Mapute City makes use ol lwe main sources of water supply: the Umbcluz
River and the Mapulo Aquifer. However potential sources inelude the Incomati
River Basin and the Maputo River Basin, and surrounding underground water
supplies.

The following is an inventory of the possible water sources for Maputo
Provinee and potemially for Mapute City, These combined will give an idea of
the potential por capita water availability {this is simply theorctical as the
resources und gcapacity to exploil these does not exist. that being the biggest
comstraint to supply),

Umbeluzi River hasin (Buroconsuly, 1989 pe 12
. 434 MOCM (at Pequenas Libombos)

. smiall groundwater supplies

[neomati River Basin (Furoconsuli, 1989; pg 9-10)
lneeinat River:

. {125 MOM (at Kessano Garcla)
. 630 MOM (Subie at Machaniine)

- Oroundwater:

Aquiler downsircam of Magade 60 MCM/ycar
Mahotas-Marracuene 24 000 '/ day
Marruguenc- Paleque (Robole) 31 000 m™/ day
Pateyue- Manhica 30 000 m's day

Maputo River basin {Euroconsult. 1989: pz 13)
Maputo River:

" MAK 152 770 MOM (a0 Madubuda)

“Because of the dependeney an upstream developments, the necessity of flood
protection and the problem of saline intrusion 1o the lower seclion of the niver, 1l
is not likely that large scale irrigation development along the Maputo river wall
hecome feasible m the near future”™ (FEuroconsult, 1985 pe 13).

L 2 principal ground  water formations. namcly: salamanga  limestone
formation and alluvial deposits in the Maputo and Tembe rivers. Both shoe high
salinity levels and relatively small vicids. (BEuroconsult, 1989; pe 13}

Keeping i mind that the above figures are based on records from 1989 and that since
then there have been developients and metcorologieal changes i all three counlries

Sustamnability Index Lor Inegrared Urban Water Management in Somhern African Citics
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wlnch have altered the runoll (0 Mapulo Province. Lhis data will be cross-checked
with more recent data, where availabic, In the lmied time available (2 weeks in
Muputod 1 was not possible w0 ohbtain more up-to-date data on resources and
information from DNA's Department of Water Resources, Talks with officials at
DNA led W an understanding that on the groundwater resources side at least, there is a
deficit of informatron.

Tutal potential resource availability for Maputo Province = (434 000 000
mryr) 189 041 miiday — (20235 000 000 m'ive) 5 547 9435 mrfday - (630 000 000
mjr"}-'r} 1 726027 ln']'t.-"da}-' | 24 000 m’iday + 31 000 m'iday ~ 30 000 mitday + (2770
000 000 m*Ary 7 389 041 o'iday — 16 137 054 mriday.

Per capita potential resource avanlability Jor Mapulo Proviowe — 16 137 01534
m’iday2 370 415 people (total population for the Provinee of Maputo, who will
benefit from the collective of resources accounted for above) — 6.8 i personiday —
2482 TJTJ."I[!E["HUTE."I}"CHI'.

The abuve per capila waler availabibly value 15 quite high. [L represents the
cstimated volumes of water available in the province, from both groundwater and
surface waler however there are factors which need o be taken mto account: Frstly
the above fipure docs not take into account spatial variations m resource availability;
secondly, 10 does not ke into account seasonal variahons o waler availabilily, which
i5 a strong determinant of water stress, particularly on the Mozambiean side of all
three basins mentoned: and thirdly, 1 doesn™t account or the prohibitive cosls and
resourees need 1o access preat part of that water, During dry periods, the apsircam
intakes from South Alvica and Swaziland and the adverse climatological conditions in
Maputoe combine to result in a decrease in the volume of water available to Maputo
Provinee. Finatly the above lgure assumes thal all waler resources can and wiil be
reserved for human use, however both policy and practice (oot always) stipulates that
a certarn percentage 1s 10 be reserved lor ceological preservation,

The above [actors are ol soch importance thal they can contribute to a slale ol
water stress o scarcity in arcas of the Provimee, The report by Sweeo ef af. (2005,
mdicates that the current [ormal source of water 1o Maputo City, the Lmbeluzi River.
does not have sulficient capacity to supply the projected populations bevond 2025,
assuiming that this source would serve Mozambique alone. TTowever this is not the
case. lhe source supplics parts of Swaziland. in which case the capacity for supply is
exceeded by the demands ol both countries. The report also mentions thal although
the Mapuwto Waler supply scheme could be supplemiented by supplies from the
Incomat Basin, both the umplemenation and inanagement Ume-rames do not fall in
the short to medivm-term (Sweco ¢ af., 2003).

I addition. the mlomation provided by FEuroconsult (1989) might very well
be outdated. | heretore although the appraisal of resources carried out here mizht be
realistic, 11 witl be assumed that the resources accounied for at that tme can he
cxtended to the present day. Morcover although the above assessment akes tato
accoul provineial resources. these will be used for Maputo City, cspecially given that
current resources from the Umbeluzi River Basin alone wiil not sutffice for the city-
seale supply reguired m luture,

Suarainabilivy Index for Inteprated Urban Water Management in Southern Atrican Cities
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10.2 Reliability at source (in terms of variability, scasonality cle}

High seasemal variability as well as vearly saniations i water resources
Jeopardise the sceurity of water supply o Maputo. In parts of Maputo Provinee,
ihie rate of evapo-transpiration exceeds the annual average ramlall, even in the
wel season (December 1o March). This 1y cause for concern as many rivers
andior tributarics arc then scasonal and the avarlability ol water resources 1s not
only variable bul also quesiionable. hence the high drought susceptibility of the
Province {and the country 1n gencral) (Eurocon=ule, [98Y; pe 4}

0.3 Source water guality: adeguate
Water guality m all three river basins is variable however due to the seasonal
malure ol most revers, durtag the dry months water quality 15 very poor.
(Luroconsult, 19849 pe 11, 12, 14) (F1PAG, 2005, pp 79 (FIPAG. 2003,
Annex 8.2- Conductivity); (AdeM, 20062 pu 100,

“The Mbutwea River basin conlains a wide diversity ol aguatic habitats and associated
biota, These can be orouped inio seven ecolopically distinet arcas (excluding the
cstuary ), relerred o as Preliminary Resouwrce Units. The Present Feological State of
somée arcas has been severely deoraded to the oxtent that they are no longer
ceologically sustainable.” (Sweeo ef al., 2005, pg 9) According o Sweco er af. (2003)
the most serious pressures includs:

- cessation of Tow

- dams and weirs that inundate viverine habitats, retard migration of fish. amd
chanoe downstream flow patterns

. the spread of alien vegetation that Jead to significantly reduced low tlows,
unstable banks and reduced bandiversity

* the removal of natural nparian vegetation and associated bank erosion

s water quality problems associated with agricultural return flows and industrial
and domestie wastewaters that lead to prolilerstion of benthie alyse and o the
lower reaches, the proliferation of the floating aguatic alicn weed. Salvinia
molesta,

The dbove information gives a good 1dea ol the stale ol degradation of the Umbelwa
River. The calegory F orating downstream of Pequenos Limbombos is ol major
concern. as this is probably a dircct consequence ol the Tham and the over-caploitation
of water tor Mapuato City and surrounding areas. This has consequences for many
ceosystems as well as for the continual sustaimable supply of water 10 Maputo Cley
and surrounds.

11. Sustainability/feasibility of water source
P Sustamabiliyd leasthility of waler source: Approximations based on the number

of people {cxcluding illegal connections and sceondary sales) served by the
formal network, indicates the following breakdown;

Sustainakility Indes for Integrated L tlan Water Managament in sonthern Alrican Oilics
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s Ciroundwater: 65%

s Surlace waler: 35%;

This 18 obviously an under-assmmption as many more have illegal access o water
from the network, See also Smidt e af, (1989),

12. Lise

L2.1 Domestic: assumed a medium o 69-40Fperson’day conswmplion (79,33
lipersondday — 25.3 Fpersondday) 2y = R32.3 Ipersondday (CRAL 2006 pe 10),
Sce BAL pg 100 houscholds with house  connections use on average
11.9m month = 7933 Fpersoniday in a household of 3: and houscholds with
aceess outside the house use 3. 79m month = 253 liperson'day)

12.2 Industnial: Estimate used based on the extent of industrial development in the
ardi,

12,3 Agricultural: 620 Vperson/day
Unsure where the 17 300 0040 Trom the FIPAG lable comes o and as this s a
very high figure. parallel 1o water consumption in more developed countries of
the MNorth. the data prisaded Iy AdeM. will be used imstead.

124 Mamtenance ol ceosyslems: 35%

WATER BUDGET FOR MEULUZI RIVER BASIN
UNDERE CURRENT CONDITIONS
Lhmit; Mitiyear

Sugar ! Sand

cans Dan

o 40 74
PR |Border
266 254 Mnjnl:/
L

102 L
Mbabanhe Jrban

Mapute

lrri Aff

Figure K.2: Waler budget tor Umbelua River Basin (Sweeo ef vl 20052 po 13)

Total entries — 266 (Swaaland) + 77 (Saund Dam. SA) + 152 (Swavjland) + 40
( Pequenos Libonibos, Mozambique) = 535 Mim ivear.

Sustainabilicy Index for itegrated Lrhan Water Manuzement in Southerm Altican Cites
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Total exits — 7 (Mbabane, Swaedand) — 239 {Sogar Cane, Swaziland) | 7 {(Urban.
Swagland) + 20 (Irrigation. Mozambique) | 76 (Maputo, Mozambique) — 349

i,
M fyear

Waler available for the ecosvstem — (335-3495/(533) — 35% 15 currently not utilised
and therefore il 1s available [or ccosystem maintenance, This seems like a very

optinnstic fipure.

13, YWastewater mapagement

13.1 Efluent quantity: $0%
The consumption volume for dmnestic in-house connection water users was
taken becanse it is expected that these will be the biggest contribulors 10 the
wastewaler stream (formal network), Average waler consumption — 1000day
(including drinking. persenal hygiene, couking, clothes washing. gardening and
olher domestic activites such as cleaning), Therctore rouglily 40U persondday is
discharged down the drain,

122

3.2 Liluent yuality

Table K.21: Analvsis aof wastewater quality in the combined system
{ Lahmeyer Internatiomal ef ef | 2004 annex, Table 5.2-Al)

Location/Paramoeier

Av, Cinerri
Popular Ay 24 de

—

Ay, Marginal (frente

~an Gabinete do 1"

Descaraa da Ponta

Vermelha {proximn

Jutho b _ ministra) an ¥elube Maval) i
Turvagin NTI . ~ e
pl| | 735 776 |
Condutrvidade 100623 4 e 1253024 40 [ (R34 40
clectoicas (umhosscm) : B :
Coliformes total | 2 40k =2 400 =2 400 :
ST [ ! i
Coliformes  lacais | =32 400 D300 =2 A0 ;
NMP | Bl !
Nitrate N5 (ingdl) 15,48 20 224
Nitritg Nid (mz1) il : L35 2 an7
Curetos Cf (mgd) ! _ A
Aumdrrio NH (madl) 93.3 TUET 69.54
SR (g de ;) z : -
LM mgll) 13 ! K] [ 0%
BOL ngl) L75 [ 120
THE (gl 20 i £l 590
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15, Compatibility of water syvstem with the surrounding environment

1531 Proximity (o solid waste dump or landfill site (for lack of adequate knowledge
assumed 0. elosest dump site that | am aware of 15 in Matola, along the Highway
tey Koamati port).

16, Compatibility of sanitadion systems with the surrounding environment

16.1 Located on Hood prone arca: sce notes below
Generally Tooding is noL a problem in the peri-urban areas due 1o good soil
permeability and low infrastructure development thard surfaces) (Labmeyer
International ef o/ 2004: pg 3-1)

16,2 Steepness of slope: see notes below
In the magority, the slopes Jall within the 2%-5% ranges however there are cases
when these reach extremes of 10% and contranly deercase to 0.8% (basin 1),

however on average they fallen within the above range.

16.3  Deptl o ground water table

Sustainahilive londes foc Imegrated Urhan Water Muoagement in Southern Afvican Cities
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Figure K.3: Depth to main aquifer (FIPAG, 2005; annex 18.2)
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6.4 Soil permeahility: sce notes below

16.5 Ground stabiliy:  assumied  relatively good based on very basic visual
inspections. The tollowing is a summary deseription ol each drainage basin in Maputo
City provided by Lahmever International ef «f. (2004),

Basin A {Lahmever Intermnational ef af., 2004 pp 5-3)
The %o ol paved surfaces (Jlow) and low population densities permit good stormwater
infiltration. This is on the proviso that the soil permeability 15 also good.

Roughly (1% inclines (plain)

Basin B and C (Lahmeyer Internanonal ef af., 2004: pg 5-3)

Suils of good permeabitity but very unstable, hence problems with soil erosion and
the Grmalion of ravines.

Generally 2%-8% mchines

Basin D (Labmeyer Inernational e af., 2004 pe 5-4)

Good drainage system covering the enlire area. as evidenced by the low Nooding
levels and the visually good Guality water discharpes

Generally (L8%-1.5% declines westwards

Basin E (Lahmever Intermational ¢f af.. 20042 pg 5-4)

Good dratnage system covering the eotire arca. as evidenced by the low flooding
levels and the visually cood quality water discharges

Gienerally (lat huilding up o a steep 4% deeline towards the Maputo Bay.

Basin F {Labmeyer [oternational ed af.. 2004, pg 5-3)
Basin G and H (Labmeyer International ef af., 2004: pg 3-3)

Bastn | (Lahmever [nternational ef af.. 2004; pg 5-5)
Excellent inftltration capacity {e—0.05). hence pood sail permeabilily.
Inclinations varving Jrom 0.8%-5%

Basiv .J ¢ Labmeyer International ¢f af L 2004 pe 3-6)
Roughly 2 2% inclination thrauhgout

Basin K (Lahmever International et af . 2004; pp 5-6)
Poor natural drainage due to no general sloping direction.

Basin L and M ( Lahmever International ef of., 2004: pe 5-6)
This basin is stluated in very densely populated neighbourhoods which complicates
natural drainage of stormwaters.

-

Matural melmation of 1%6-3,5% for bastn L and O,6%-3% tor basin .

Coraivabaiiog Tnedes Tor Tnlesruted Urban Water Mangeenent Us Sauthern Advican Cities
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Basin N (Lahmever International ef af.. 2004: pg 3-7)
Natural inclination of 1.4%-2 8%

Basin O ( Lahmeyer International ef of., 2004: pe 3-7)
Natural inclination of 0.7%-1.5% and a decling of 2,7%.

Basin P. Q. and R { Lahmeyer International ¢f of., 2004: pe 5-7)

Sufficient intiliration n all three hasins, with good permeability soils and low
densities and development levels.

There arc some depressions in all three basins which complicate the adoption ol
canalized drainage svstems  however due to existing natural and  development
conditions Lhis 1s currently not a big problemn.

Busin S (Lahmeyer Inlernational ¢ af., 2004: pg 3-4})

Basin T (Iahmeyver Inlernational ed al.. 2004 pg 5-4)

Fastwards inclination of 1.8%-2.3% and in some places up 1o 4.8%
17. Environmental stresses

17.1 % of polluled waler sources

DBascd on data ol resource variability and waler quality it was assumed that at
least 20% of water resources have been compromised. This is an arbitrary
figure. Groundwater in the immediate vicinity of the coast has displayed some
probiems wilh salt intrusion and high salimity (see map on electric conductivity:
Fioure K.3) Further inland, disregard for lateine mainenance and  water
pedlution has resulted in pollulion of groundwater. Lhe extlent of which is nat
fully known, There are tests done by MISAU on the quality of groundwater at
specific extraction sites and these would have provided beler clanity in ths
regard. however time constraints did not permit the attanment of this data, With
revards W surlace water, scasonal varizbility in the Umbcelua River has bad
comsequences for water quality and ccosystem vitality, [n the Peguenos
Libomibos arca, alien plant imvasion {algac) has resulled in higher maintenance
and treatment requiremenis, Sce also Smidt e af. (19849,

172 %o ol tetal area identified as severely waler stressed

snzrainahility Index for Intewrated Lorban Water Management in Southern Adrican Cities
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Fizure K.4: Falkcomark water stress nwlicator
{Rijsberman, 2004; pe 5)
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Figure K.5: Watcr stress analysis based on the eriticality ratio
(Rijsherman. 2004 pu 6)
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Figure K.6: Water Poverty Index (WP
(Rijeberman. 2004: pp 9}

Figure K4 indicates that most, in fact all. of Mozambique is under severe water stress
lrom the point of vicw of the Falkenmark mdex ol waler stress. Ouher imdicators such
as the Criticality Ratio and the WP highlieht a slichtly different situatieon (Figares
K.3 and K.6) The national Criticality Ratio results indicale thas significant parts of
South Africa are very highly water stressed and whilst most of Mozambique shows no
water stress, there 1s a sigmificant portion in the South which s highly stressed.
Mapwto 15 affected by the water stress in the South of Mozambigue, As a major
attraction zonc. 1 tahes 1 a siglicant proportion of the countries wban population,
many of which come from the South and Centre of Mozambiqoe, This grawlh paitern
is expected W continue. 11 not increase, and therefore the projected future water
SeCUty  situation presents an issue. On the other band, the WP results Tor
Muzamibique signilicantly coincide with the indings Ivom Falkenmark index in that
ey indicate severe water stress for the whole of Mozambigque, One muost however
take into account the difference in measurements ol these indicators and keep in mind
that they provide guidance and are not dircet representations of the real situation on
the ground. Furthermore these national ratings hide signilicant spatial dilferences,
winch are of great concern with lor the local-level applications of the S1,

The Integrated Water Munagement Institute (1WMT) bas projected o foture
state of ceconomic water insecurity for the whole country, meaning that there will be
sutheient resources for human consumpiion but nat sulficient for socio-ceanonic
development (Rijsherman, 20049,
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V. POLITICAL

18. Governance

Austral conducted an extensive study into the issues of povernance and corruption in
Maozambigue. To this end. three separate and vel parallel surveys were emploved. A
total of 2447 familics, 486 companies and 992 cmplovees were interviewed at a
nmational level. Information for the following variables, towards the assessment of
povernance n the country will be largely informed by the findings of that study.
Although the applicalion of the imdicator 15 omly relevant to Maputo. greal part of the
Mational institutions in question are invelved in water management, and other sectors
at local. regional and national scales. The findings will therefore be applicable,

18.1 Democracy and representation: Medioere, despite vast improvements, maimly
duc to lack of accountability and transparcncy as well as poar participation and
comsullation with the publie. Since the 1994 democratic eleclions, Mozambigue
has taken orcat strides towards democracy in all facets of socicty, however in
practical ferms Mozambigue continues o score lowly with regards w good
governance and leadership, A study conducted by the World Bank Institute
{WBI) indicates that i is the third lowest ranking country in Sub-Saharan
Africa. superseded only by Zimbabwe and Angola. for whom pelitical and
gconomic unrest justilies the low levels of govemance. The report by Austral
Consultoria indicates that whilst corruption s certainly a big contributor in this,
it 15 supported hy a weak legal system and nappropriate policy backdrop, In this
report, they have also indicated how Mozambigue performs inline with several
indicators produced by WL, the rable below illusirates:

Fie. II — Indicadores de Mo ambigne (2002)
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Figure K.7: Indicators on governance
{Austral, undated; pe G}

There is a positive indication of political stability which can be indicative and
contribule to a stable and democratic nation. however both voice and accountabilily as
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well gs rule of law. which ensures thal there s an appropriate regulalory environment
and that the precepts of which are implemented, score poorly in the second Towest
pereentile (<40%),

Purthermiore the study  indicates that clemenial aspects like  accessibility and
approachability of institution rankfscore quite lowly. with the judicial. tnbunat.
miunicipal and assembly badics/institutions scoring the lowest, This is cause of great
congermn. given thal these are departments [or whom members gre directly elected by
the peopte. meanwhile they are the least approachable (Awstral, undated: pg 12).

18.2 Meusure of corruption: Highly corrupt, although there has also been somc
pragress in Lhis regard, Mozambigque remains amongst one of the most corrupl
nations in Sub-Saharan Africa. and certainly in the world,

MOLAME TGUE  (2005)
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Figure K.X%: Governance indicator rankings for Mozambigoc in comparizon (o Sub-
Sahgran averages (Kaulmann e af - 2005 Kaulimann ef af . 2006)

From Lhe above Rgure i018 possible o see that contral o corruption is extremely low.
talling in the lowest percentile category,

From personal experience, being a cilizen ol The Republic of Mozambique.
there is a heighiencd awareness of the issucs of poor covernance and extreme
corruplion. however sunultaneously there 15 an altilude of “deixa andar™ (let go. let
flow), It is omly in extreme cases, where one niay observe a blatant disrcgard for the
law. sociely and its prneiples, that one can ehicit a reaction [rom the Maozambican
people. This 1s nol to say that there is satsfaction with the current state of affairs,
rather this apathy has permeated deep into the fabric of the Mozambican socigty and
the made of Living that 1t has become just that, s way of ble” (Austral, undated).
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It is interesting Lo contrast these [indings with other swidies, such as the one conducted
by Kaufmann ¢f af. (2005 and 2006). Their findings indicate that Mozambique's
perlonmance with regards 10 povernance has sigmibicantly improved over the last
decade or so of democracy, In fact. they po s0 far as to say that in three out of the six
assessment catepories, Mozambigue ranks better then moere then Y of the 213
countrics analysed.  In fact, the 2005 analysis shows an improvement across all the
indicators previcusty displayed.

The corruption report by USAID {2005) makes the following [itting statement:
“Corrupion in Mozambique is largely sympiomatic of a luck of checks and balances
among fhe three branches of goverament. limied transpavency and wecess to
{nfornration, minimal aocouwstahility of elecited officials. and o culture of impunity
WhHErS CorFiiion persists because I is seen as g low-risk high-reword activity
Unfortunenedy,  heconse  of  corrnption’'s  corvasive  effects  an  Iranspavenc).
accouniability, and the credibility of government, if left unchecked it will inevitably
crade the legitimacy of elected officials and firther weoken democratic vaiues and
participation in policymaking. effectiveness of public instfuiions, und the rufe of
fowe ™,

18.3 Dretined roles and responsibitities: the policy environment is goodd however
pohicies and legistation are not [ully adjustediresulated for the socto-polioeal
and economic environment of the country decades atter colonialisation, Given
Muogzambigue's history and relationship with Portugal. one 15 aware of the
significant import of policy, There is also considerable international influence
fronm weslern cotntries and inlemational mstititions which conttibuted e the
current  political and legislative tramework operational in Mozambique,
Therelore the validity and relevance of policy is questionable. With regards o
implementation, there are insutficient resources and human capacity to match
the need.

19. Compliance with policy and regulation
19.1 Compliance with government policies: Dependant on T.OS

19.2 Compliance with MDGs: Dependant on 1.OS

MOINSTITUTIONAL

20k Institutional and technical capacity

2001 Adoplion of IWRM approach:; Three major river basins in the Maputo Province
arc parl ol inernational river basins, wmeorporating the fotlowmg countnes:
Mozambique, Swazitand and South Africa. This draws attention to the need tor
shared  resource  managemenl o ensure  proper  management,  eguitable
distribution and contlict avoidance/reselution. The three countrics have sinece the
05 enpaped 0 Joint management Torums. For example: "Mozambigue has
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redched an agreement with Swazilund on the sharing of water of the Umbeluzi
river o talks comttintie thronph the Joint Permoanent Techuioal Commiitee
(IPTC), while fulks on the Incomati and the Mapato rivery are going on in the
Tripartite Permancm Teclhmical Comnnittee ¢1TPTCH with Sowth Afvica and
Swezifand 7. (Buroconsull, [989; pe 11 See also Sweco ef ol (2003: pu 36).
Therefore to a farpe cxtent there has been pood cooperation for [WRM between
these three countries. Whilst the history o shared resource management 1s
apparent there 1s low capacity for implementation both en the Mozambican side
as well as in Swaziland. South Africa is betler resources in this regard.

201 No ot water nignagement institutions
This inclades the orgamisations directly invelved and tasked wath the dilterem
aspects of water maragement (primary participants) as well as those which have
sienificantly contribuied 10 progress in this sector (scoomdary participants), He
lollowing is a list of these inslitutions according to the services they address.

Water Supply (9):

. DNA (management al national level henee looks al the broader FWRM)
. AdeM (service provision and works)

w FI?AG (investmenl for urban centres- TUWNM)

- CRA (repulation and moniloring)

® CMM (management and scrvice provision tor Maputo)

" Water Aid financimg, implementation and rescarch)

. World Bank (financing and research)

- ARASSUL (management for the Southern parts ol Mozambigue)
. Unicef

Sanitaljon (3

= UMM

. NA

- Water Aid (tinancing. implementation and research)

“ Lmieef (including hyvgiene cducation)

. DANIDA

There are many morc orvanisations, NGOs and CBOs involved in this scctor however
they do noet play direet roles, bul rather provide assistance e one ol the above. Tt is
possible to note that there are several stakcholders in the water sector, & fact which at
times complicates and hinders the coordination and elficient management of waler
aned ils services, This is because there is lack of communication, conseguently
information is oflen dispersedfscatiered amongst the various orpanisations involyved,
investinient and monktoring can and has been duplicaled. leading 1o inelficiencies,
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20.2  Adoption ol aliermnative water supply technologices: Guesstimate
{Sce UNDP Mozambique, 2005 for sustainable water supply initiative)

2003 Adoption of sustainable sanitation; Guesstimale

204 Comresponding cducation levels for statt; 18%

IK-36

Table K.23: Coresponding education 1evels for service provisions AdeM staff (water
supply only) (AdeN. 20006 peT)

2006

Academic level 205 Deviation o deviation

- Superior 21 23 2 1
i_te;lm ival N\

" Meditn 83 83 U g

; pechnicsl e

| Basic technical 87 8 - 2
 Auxiliarics B B 377 ] -18 -5

| Total 586 569 i\ -3

[n 2006, 23 outl ol the 369 ol emplovees have a hivher cducation {university level),
whercas 83 have achicved their secondary edueation levels, For our purposes, both
catcoorics will be included. therefore (2341 831569 — 18.6%

20k Monitoring capability: Scored 2 out of 10

2006 Reliahility of service provision: <30% raccounting for the low service times and
taking cognisance of even lower supply limes m peri-urban areas).

FIPAG s data (FIPAG. 2007) is based on daa from AdeM. There is an
inclicator; “Reliability of Scrviee” however no intormation is provided, This
indicator is based on two assessmenis: firsthy. on the basis of 24hr service
connections and 1 head pressure, and secondly based on connections with

less than 4 hours of serviee per day. These indicate 1wo extremes.

Table K.24: Average water distribution times (AdeM, 2006; spreadsheet on technical

Supply cenlre

information

C=-%alola

| C-Machava :
C-Chamanculo

C-Maxaguene

Cr-A !_tn hel e

| Distribution area ) Distribution hoursiday
2005 206

Aana alta £ i0h) e L |l
Zana baiva { 12h) b2 — H
(15h) 14 5
12k L1 [0
Zona alta 4 14h) &) 13

Fona baixa {10h] [ i |2 =
Foma ilta Bl oo g
Lona baiaa & i
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From the above Table K24 i1y possible (o see thal most areas have on average 10-12
hour supply per day, with the exception of Zona Baixa supplied via the Allo — Mué
distribution centre. In peri-urban areas. low pressures i many areas signilicantly
reduce this supply tme. Water shortages w these arcas cun account for short periods
ol a couple ol hours to extended periods of 4 day or more. While 551Ps are more
reliable 11 peri-urbran areas, the bigher costs of supply may be prohibitive for some
inhabitants and this limits the access to water and hence controls the reliability of
supply, Sce also Deneficiary Assessment: Refers o poor tmprovements in supply
hours, walking distances, wailing times and time lost collecting water (CRA, 2006),

The second point refers to 50% of public stands being out ol operation in
Maputo, Boane and Matola due 1o low/insulficient pressure, poor mainlenance, no
operators, closure due o non-payment and illegal connections (CRA. 20046).

2007 Failure in service delivery due 1o dependence on other seciors: inconstant due Lo
power Tailures. both plarmmed and unplanned cuts.

AdeM Provides data on the number of water supply failures due to power cuts
(N of power cuts per year).

With regards o sanitation, particularly in the peri-orban areas which are
no1 covered by the sewerage system. the general Impression [rom municipality
officials was that thts service s sporadic at best. Emptymg ol lutrimes s
undertaben by the mumcipality on an irregular basis due 1o shortage of
equipment (trucks, lankers, vacuums, petrol el P emplying is not undertaken
by the autherities at all and where CBOs perform this function (ADASBU) these
are either dependant on donor funds which 15 far from a long-term sustainable
oplion. or they rely on the municipahity to transport the wasie from certain
locations o the Infulene treatment works (infrequent al best).

From the table below it can be seen that there are lrequent power cuts.
not only at the tregtment slation- ETA- bul also in all distibution centres and in
some of e smaller svstems which supply e peripheral areas, AdeM reports
that there are on average 30-1200 power cuts per mont throughout the vanous
systems, The small systems { peripheral netwarks) show the highest ineidence of
power faitures. One is not cortain to what extent this disrupts the supply of water
but the assumption is that this high incidence contribules 1o mconsistency and al
times indreguency o supply.
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Table K.25: Power failures in Maputa Cily

| Area Types of failure Total _ Average monthly for 2006
. ELA Plannsd fl A N
Unplanned Al ]
Sub-total e il
: I hatola Blannud T A
:_ Llaplanned REL + 139
: Sub-total | 1810 228
CL» Machava Planned 3 )
: Linplanned 2373 2497
: Sub-lutal 2684 s :
i CD Chantanculo Blanned 1 '
! Ulnplanned 743 R
; Sub-total 743 | 93
l LD Al Mae | Planned i -
I Linplannid 262 33 B
Snh-tutal 263 33
i 1 Maxaquene Flanngd ™ : 9
Lloplanned 37 7l
——— Sub-total 640 | 80
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