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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

The last century has seen a continuous deterioration of the bio-physical environment on a global scale,
to the extent that future human survival is becoming threatened. Human populations have expanded
dramatically, and development activities, intended to improve the quality of life, have exacted a high
cost from the environment (Walmsley & Pretorius 1996). Consumption of the world's resources has
increased considerably, with people today using approximately 12 000 times as much energy as they
did 400 generations ago. In general, development activities have made use of the Earth's natural
resources without adequate replenishment or cognisance of their capacity to absorb waste (Harrison
1992; Walmsley & Pretorius 1996).

There is an acknowledged need for countries to find a balance between the economic and social
demands on the world's ecosystems and the need to conserve the natural resources on which the
economic and social systems depend. This balance has been termed sustainable development, and is
defined as “development that meets the needs of the present without compromising the ability of future
generations to meet their own needs" (WCED 1987). Sustainable development refers to development
that aims for equity within and between generations, and adopts an approach where the economic,
social and environmental aspects of development are considered in a holistic fashion. The world's

commitment to sustainable development has recently been confirmed through the recent Johannesburg

Declaration on Sustainable Development (http://www.earthsummit2002.org 2002).

One of the major resources under threat globally is freshwater. The availability of water is the key to
economic growth and social well-being in many countries of the world and is often over-utilised. In
particular, water is recognised as a key constraint for the social and economic development in Africa,
where at least 52% of the continent is arid (WISA 2001). According to WHO & UNICEF (2000) about
two-thirds (273,5 million) of Sub-Saharan Africa's rural population and one-quarter (45,6 million) of the
urban population are without safe drinking water. Currently, only 60% of the total population in Africa

has sanitation coverage, with coverage varying from 84 % in urban areas to 45% in rural areas.

To achieve sustainable development, the Earth's water resources need to be managed sustainably, in a
fashion that guarantees their continued functioning. Ongoing efforts in international water policy
demonstrate increasing concern for comprehensive water management including ecological, economic

and social aspects. As early as 1992, Agenda 21, the international blueprint for sustainable




development, defined objectives for protecting water resources, water quality and aquatic ecosystems,
and advocated the sustainable management of water resources (Agenda 21, Chapter 18). Since then
the protection and development of freshwater resources has attracted increasing attention and several
international conferences have been convened. In 1997, the Special Session of the UN General
Assembly called for a Programme for the Further Implementation of the Agenda 21, and decided that the
Commission on Sustainable Development 6 (CSD-6) working programme for 1998 to 2002 would be

to develop strategic approaches to freshwater management (http://www.un.org/esa/sustdev 2002). In

early 2001, the Second World Water Forum in The Hague developed a World Water Vision and a

Framework for Action for overcoming the threatening water crisis (http://www.earthsummit2002.org

/roadmap 2002). In the same year, the International Conference on Freshwater 2007 was held in Bonn,

Germany, in preparation for the World Summit on Sustainable Development 2002 in Johannesburg.

Many of the approaches to sustainable water resources management discussed at these world fora rely
on the availability of good quality information. Although sustainability is accepted as a vision for
managing water resources in an integrated manner, experts are still struggling with the practical problem
of how to measure it. More often than not, they are faced with an information dilemma. On the one
hand, information and information sources are proliferating. On the other hand, they seldom seem to
have the specific information required for good decision-making and effective resource management
(Walmsley & Pretorius 1996). One method of overcoming this dilemma is through the use of
sustainability indicators. Indicators provide a means of communicating information about progress
towards a goal (such as sustainable water management) in a significant and simplified manner

(Hammond et al. 1995).

1.2 THE SOUTH AFRICAN SITUATION

South Africa faces most of the challenges mentioned above. In particular:

o South Africa is an arid country with limited freshwater resources;

° Many South Africans do not have access to water for basic needs (i.e. sanitation, drinking);
° Many of the country's freshwater ecosystems are stressed (Davies & Day 1998), and

° Future economic growth is reliant on the availability of adequate water (Basson et al. 1996).

In 1998 the South African government introduced the National Water Act (No. 36 of 1998), which
dictates the water resource policy and practice under the jurisdiction of the Department of Water Affairs
and Forestry (DWAF). A core feature of this Act is the introduction of catchment management agencies

that will be responsible for integrated water resource management of catchments within specific water




management areas. The Act declares that catchment management strategies are to be developed for

each catchment in South Africa to ensure that the water resources are utilised in a sustainable manner.

Of significance is the fact that Chapter 14 of the Act requires that DWAF establish a national

monitoring and information system for water resources as soon as possible, with the objectives of

(Section 140):

o Storing and providing data and information for the protection, sustainable use and management
of water resources;

° Providing provide information for the development and implementation of the National Water
Resource Strategy;

o Providing information to water management institutions, water users and the public for research
and development; for planning and environment impact assessments, and for public safety and

disaster management.

The monitoring and information system should provide for the collection of appropriate data to assess
the quantity, quality, use and rehabilitation of water resources at catchment and national levels, as well
as compliance with resource quality objectives, health of aquatic ecosystems and atmospheric

conditions that may impact on water resources.

In 1999, the first National State-of-the-Environment Report for South Africa was compiled by the
Department of Environmental Affairs and Tourism (DEAT1999), with a chapter of the report being
devoted to the sustainability of freshwater systems and resources. “The greatest difficulty faced in
compiling the State-of-the-Environment for freshwater resources was the lack of suitable information.
Originally, 45 indicators were identified as crucial to reporting on the state of the water environment at a
national level in South Africa. Due to data constraints, only 30 indicators were included in the report, and
often in a format different to that originally envisaged. At the time of compiling the State-of-the-
Environment report, information sources were found to be fragmented and there was little evidence of a

national information system being achieved in the near future” (Walmsley et al. 2000).

These problems have been recognised by DWAF in the National Water Resource Strategy (DWAF
2002), which states that spatial coverage is incomplete and problems are experienced with the quality
and reliability of information. The dissemination of, and access to, information is not as effective or
comprehensive as it might be and access to information from other organisations is sometimes
problematic. The Department is currently addressing these shortcomings by amalgamating all existing
and planned monitoring and assessment systems into a coherent, structured Monitoring, Assessment
and Information System (MAIS; DWAF 2002). This system includes: data acquisition; data storage,

maintenance and dissemination, and data analysis, information generation and reporting. Improvements
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in efficiency and effectiveness are expected through sharing logistics and infrastructure in data collection
and storage, by adherence to common standards and guidelines, and by refining analytical techniques to

maximise the information derived from available data.

The concern with regard to the lack of adequate information is that, without that information, water
resources management in South Africa is severely handicapped. Peter F Drucker, the eminent business
expert, stated, “What you measure, that you manage" (Rainikainen 2002), and without adequate
information decision-making becomes ad hoc and crisis management becomes common. According to
the National Water Act, this implies that the information systems at catchment level should be
comprehensive, easily accessible and useful to decision makers. Indicators of sustainable development

are ideal tools to provide this information, and fulfil the requirements of the MAIS.

1.3  AIMS AND OBJECTIVES

The main aim of this thesis is to assess the current availability and quality of information at catchment

level in South Africa using sustainability indicators.

Null Hypothesis
Adequate information is readily available at catchment level for decision-
making on the sustainable management of South Africa’s water resources.

The hypothesis is based on the understanding that DWAF, as prescribed by the National Water Act, is
required to have information to manage the water resources of the country in a sustainable, equitable
and efficient manner (DWAF 2002). This should be achieved at catchment level under the management
of catchment management agencies, whose role is currently being undertaken by nine regional offices.
In essence, information for sustainable water resources management at catchment level should be

available from these regional offices if the mandate of the Department is to be upheld.

Several key questions will be examined in this study, including:

- What is the role of indicators of sustainable development in developing an understanding of the
strategic issues in catchment management? This will require the development of an understanding
of sustainable water resources management and its measurement using indicators

. What core indicators are required to provide information on sustainable water resource

management at catchment level? The development of a set of sustainability indicators that
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adequately describe aspects of sustainability, including social, economic and biophysical elements

is crucial for the success of the study.
o Are the current systems that South Africa has in place at catchment level adequate to manage the
country's water resources sustainably? This will include an assessment of the information available

at catchment level to populate the indicators.

1.4 REFERENCES

BASSON MS, VAN NIEKERK PH & VAN ROOYEN JA. 1997. Overview of Water Resources Availability
and Utilisation in South Africa. DWAF, Pretoria. Report PRSA/00/0197. 72pp.

DAVIES BR & DAY JA. 1998. Vanishing Waters. University of Cape Town Press, Cape Town. 487 pp.

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM (DEAT). 1999. State of the
Environment South Africa. DEAT, Pretoria. http://www.ngo.grida.no/soesa.

DEPARTMENT OF WATER AFFAIRS AND FORESTRY (DWAF). 2002. Proposed First Edition National

Water Resource Strategy: Summary. DWAF, Pretoria. 37 pp. http.//www.dwaf.gov.za.
HAMMOND A, ADRIAANSE A, RODENBURG E, BRYANT D and WOODWARD R. 1995.

Environmental Indicators: A Systematic Approach to Measuring and Reporting on Environmental
Policy Performance in the Context of Sustainable Development. World Resources Institute,
Washington. 42 pp.

HARRISON P. 1992. The Third Revolution. |B Taurus/Penguin Books, London. 359 pp.

REINIKAINEN T. 2002. Working Core Set of Indicators for Namibia. Ministry of Environment and
Tourism, Windhoek. 26 pp. '

WALMSLEY JJ, WALMSLEY RD, PRETORIUS R} & MARAIS D. 2000. Information Management and
State-of-the-Environment Reporting for Water Resources in South Africa. Poster Presentation,
WISA Conference 2001. Mzuri Consultants, Pretoria.

WALMSLEY RD & PRETORIUS JPR. 1996. Environmental Indicators. Report No. 1. State of the
Environment Series. Department of Environmental Affairs and Tourism, Pretoria. 76pp.

WATER INSTITUTE OF SOUTH AFRICA. 2001. Draft Position Paper by the Water Sector for South
Africa: Draft 2. WISA, Midrand. 12 pp.

WORLD COMMISSION ON ENVIRONMENT AND DEVELOPMENT (WCED). 1987. Our Common
Future. Oxford University Press, Oxford. 430pp.

WORLD HEALTH ORGANISATION (WHO) & UNITED NATIONAL CHILDREN'S FUND (UNICEF).
2000. Global Water Supply and Sanitation Assessment 2000 Report. http://www.who.int.



http://www.ngo.grida.no/soesa.
http://www.dwaf.gov.za.
http://www.who.int.

CHAPTER 2: OVERVIEW -
SUSTAINABILITY, ITS MEASUREMENT AND THE USE OF INDICATORS
IN CATCHMENT INFORMATION MANAGEMENT

21 INTRODUCTION

Traditionally water resources management centred around the provision of water through water
resources development, and the control of water quality, with little emphasis on the environment
(Pigram & Hooper 1991; DWA 1986). Over the last two decades, this view has changed, to the extent
that the concept of sustainability has become the cornerstone of water resources management in many
countries in the world, including South Africa. With it has come the requirement of measuring and

managing for sustainability.

This chapter provides the context for indicator development for sustainable catchment management in
South Africa, by outlining of some of aspects that influence the management and measurement of
sustainability. It is not the intention to provide a comprehensive review of all the literature, but rather to
highlight and discuss some of the key principles and issues relating to sustainability, its measurement and

the implications for water resources management, particularly catchment information management.

2.2  SUSTAINABLE DEVELOPMENT

2.2.1 Definition and understanding of sustainable development

Security of existence is a concern facing all living entities. In the case of humans, the issue has always
been a priority, and in attempting to create security through socio-economic development there has
been an escalation in environmental damage. Population growth, increased sophistication of human
needs, creation of domestic infrastructure and technology have all contributed to an increase in the
consumption of natural resources throughout the world. This trend has been accompanied by a general
deterioration in the quality of the global environment and a loss in its long-term potential to sustain life.
Despite wide recognition that these trends should not be allowed to continue, nations of the world have
been unable to reverse the situation (WCED 1987; Harrison 1992). Alerting the world to the
dimensions of the problem has been one of the pre-occupations of an international effort over the last
30 years. The implementation of effective programmes to reverse undesirable trends has proved largely
unsuccessful, mainly because of the high inertia required to alter the social, cultural, economic and

political approaches of the world's diverse societies (Harrison 1992).
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In the last decade-and-a-half the concept of sustainable development has been promoted as the most
appropriate approach to achieving long-term security for the human race. Originally introduced by the
WCED (1987), and endorsed by the majority of the World's nations at the United Nations' Conference
on Environment and Development in Rio de Janeiro in 1992 and recently at the Johannesburg Summit

(September 2002; http://www.earthsummit2002.org 2002), there are major international programmes

attempting to implement the concept. However, there is still poor understanding of its meaning, and in

particular how it should be approached.

The term “ sustainable development " was first defined by the WCED (1987) as "development that
meets the needs of the present without compromising the ability of future generations to meet their own
needs”. This definition has generated much debate and criticism and many other interpretations have
subsequently been put forward. One of the most innovative approaches was that taken by the
IUCN/UNEP in collaboration with the WWF who, building on the WCED concepts, generated a
document entitled Caring for the Earth: A Strategy for Sustainable Living (Monro & Holdgate 1991). This
document provided both an analysis of the situation and a plan of action for the Earth's nations to
follow. It represented a milestone in providing a better understanding of what is meant by sustainable
development and how to go about achieving it. The definition that was proposed by Monro & Holdgate
(1991) was “improving the quality of life while living within the carrying capacity of supporting
ecosystems”. In this definition, carrying capacity covers the issues of resource use, pollution and

biodiversity while quality of life deals with meeting human needs.

The term sustainable development describes an intended approach to development that provides
solutions to all current and future social, economic and environmental problems (e.g. poverty, disease,
unemployment, violence, environmental pollution and loss of biodiversity). In essence, sustainable
development refers to a kind of development that aims for equity within and between generations, and
adopts an approach where the economic, social and environmental aspects of development are
considered in a holistic fashion (Figure 2.1). The definition of sustainable development in South Africa’s
National Environmental Management Act (Act No. 107 of 1998) emphasises this requirement:
“sustainable development means the integration of social, economic and environmental factors into
planning, implementation and decision-making so as to ensure that development serves present and

future generations.”

In many cases the term has either been used inappropriately or misinterpreted by the audiences who
have been exposed to it. Throughout the world many people are confused by the term, mainly because
it represents a still as yet unknown and unproven conceptual approach. There are numerous

perspectives that have to be incorporated within a general understanding of the term.
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Figure 2.1: Inter-linkage between the three recognised aspects of sustainability.

An important distinction, which should be stressed, is the difference in definition between growth and
development. To grow means “to increase in size by the assimilation or accretion of materials". To
develop means “to expand or realise the potential of; to bring to a fuller, greater, or better state"
(Walmsley et al.1999). Thus, when something grows it gets physically bigger, whilst when it develops it
gets qualitatively better. Sustainable development is, therefore, about the qualitative improvement of
society and is not necessarily associated with physical size unless this forms part of the qualitative

characteristics.

One of the major problems with understanding the concept of sustainable development is the fact that
it is difficult to visualise the concept being implemented in any practical way because of the absence of
real-life model situations where it has been achieved or evidence that it can be measured. The concept
thus stands as an ideal situation or state that societies should strive for. Lankester (Director of the UN
Sustainable Development Networking Programme), summarised sustainable development as
“development that does not merely generate growth, but also distributes benefits equitably; it regenerates
the environment rather than destroying it: it empowers people rather than marginalising them;, enlarges
their choices and opportunities and it provides for people’s participation in decisions affecting their lives.

Sustainable development is pro-poor, pro-nature, pro-jobs, and pro-women. It stresses growth, but

growth with employment, growth with environment, growth with empowerment and growth with
equity” (Walmsley et al. 1999).




In terms of the biophysical environment, sustainability involves the maintenance of the stability of

ecosystems, by limiting stress on them (Sullivan et al. 2002). The idea of conservation is central to
maintaining ecosystem stability as it means the protection of the resilience of fragile ecosystems (Sullivan
et al. 2002). Monro & Holdgate (1991) identify three essential components to maintaining the capacity
of ecosystems:

° Conserving the life-support systems that nature provides;

° Conserving the diversity of life on Earth (biodiversity), and

° Ensuring that all uses of renewable resources are sustainable.

From an economic perspective, sustainability can only be achieved if the use of natural resources, the
natural capital, is accounted for. In many countries natural capital is depleted as financial capital
increases and, while some financial capital can be converted to human gain (i.e. human, social and
physical capital) it is inevitably at the expense of the environment. The idea of constant natural capital
stock promotes inter-generational and intra-generational equity, and economic and ecological resilience,
and it limits uncertainty (Sullivan et al. 2002). However, this requires that the natural capital remain

constant.

Social sustainability relies on both biophysical and economic sustainability. According to the Local

Government Management Board of the United Kingdom (LGMB 1995) characteristics or properties of a

“sustainable local society” include:

o Resources are used efficiently and waste is minimised by closing cycles;

e Pollution is imited to levels that natural systems can cope with without damage;

° The diversity of nature is valued and protected;

° Everyone has access to good food, water, shelter, and fuel at reasonable cost;

o Everyone has the opportunity to undertake satisfying work in a diverse economy;

o The value of unpaid work is recognised, whilst payments for work are fair and fairly distributed;

o People's health is protected by creating safe, clean, pleasant environments and health services
which emphasise prevention of illness as well as care for the sick;

o Access to facilities, services, goods and other people is not achieved at the expense of the
environment or limited to those with motor vehicles;

° People live without fear of personal violence from crime or persecution because of their personal
beliefs, race, gender or sexuality;

° Everyone has access to the skills, knowledge and information needed to enable them to play a full
part in society;

o All sections of the community are empowered to participate in decision-making;
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° Opportunities for culture, leisure and recreation are readily available to all, and
° Places, spaces and objects combine meaning and beauty with utility. Settlements are “human” in

scale and form. Diversity and local distinctiveness are valued and protected.

The IUCN/UNEP/WWF Strategy for Sustainable Living (Monro & Holdgate 1991), provides principles
for achieving a sustainable society, which include:

° Respecting and caring for the community of life and nature;

° Improving the quality of human life;

o Conserving the Earth's vitality and diversity;

° Minimising the depletion of non-renewable resources;

° Keeping within the Earth’s carrying capacity;

° Changing personal attitudes and practices;

° Enabling communities to care for their environment;

e Providing frameworks for integrating development and conservation; and

o Creating a global alliance at all levels.

2.2.2 International response to achieving sustainable development

Following the WCED (1987) report, there has been an escalation in efforts aimed at promoting
sustainable development on a global scale. This has involved numerous governmental and non-
governmental agencies. The United Nations (UN) has been the main agency involved with setting and
implementing the concept. The activities to implement sustainable development have included the
following:

o  Recognition of the problem and commitment from nations of the world - One of the major
contributions of the UN was the successful convening of the 1992 UNCED Earth Summit in Rio
de Janeiro. The Summit was attended by more than 30 000 people, including 103 heads of state
and had many positive outcomes (Quarrie 1992; Wynberg 1993). The meeting succeeded in
launching Agenda 21, a programme that has provided guidelines and principles for countries to
follow, as well as forums to monitor and discuss progress. Numerous agreements and treaties
were tabled and nations of the world were urged to accept and endorse them as an approach to
achieving a sustainable world. It was understood that each country would devise its own approach
to these agreements and treaties. The treaties and agreements that were tabled and generally
accepted at Rio included:

»  The Rio Declaration on Environment and Development;

»  Declaration of Principles on Forests;
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»  The Framework Convention on Climate Change,

»  The Convention on Biological Diversity; and

> Agenda21.

Each of the above has been highly significant in terms of stimulating both international and
national approaches to sustainable development. The most important document to emerge from
Rio was Agenda 21, a non-binding programme for on how individual countries should achieve
sustainable development. Countries have been encouraged to participate in the international
forums that have been set up to deal with Agenda 21, forests, climate change and biodiversity. At
the same time they have also been encouraged to initiate internal programmes that deal with
each issue at a national level. Of the above agreements, it was accepted that Agenda 21 should
form the basis of all national development programmes (Quarrie 1992).

Implementation of Agenda 21 by UN member countries - The UN set up a Commission on
Sustainable Development (UNCSD), which has the task of monitoring the implementation of
Agenda 21. A programme has been set and member nations regularly report to the UN on the
progress that has been made towards sustainable development.

Development of Local Agenda 21 programmes - Agenda 21 is a programme aimed at national
level. It was recognised that little progress would be made unless action was taken at the local
level. To this end there has been considerable effort put in to promote the development of Local
Agenda 21 programmes involving cities and local authorities (see DEAT 1998). In South Africa
several cities (Durban, Johannesburg, Cape Town and Pretoria) have initiated such programmes.
Implementation of international treaties - Most of international environmental treaties have well-
established secretariats that arrange meetings to discuss progress, outstanding issues, and
compliance with meeting the objectives of each treaty. Some treaties have been extremely
successful (e.g. Law of the Sea, London Dumping Convention and the Montreal Protocol; see
Walmsley & Tosen 1994) whereas others have not yet been able to achieve objectives and it will
take many years before the desired progress will be made (e.g. Framework Convention on Global

Climate Change; http//www.unep.org 2002; http.//www.un.org 2002).

Evaluation and re-commitment — Ten years after the Earth Summit in Rio de Janeiro, the nations
of the World recommitted themselves to strive towards sustainable development, at the World
Summit for Sustainable Development in Johannesburg in September 2002. The Plan of
Implementation drafted at the Johannesburg Summit states that it “will further build on the
achievements made since UNCED and expedite the realisation of the remaining goals". It identifies
several areas where effort is required, including: poverty eradication; changing unsustainable
patterns of consumption and production; protecting and managing the natural resource base of

economic and social development; globalisation; health and sustainable development; sustainable
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development of small island developing states; sustainable development for Africa and other

regional initiatives.

2.2.3 Sustainable water resource management

It has become apparent that the ability of nations and societies to develop and prosper is linked directly
to their ability to develop, utilise and protect their water resources (DWAF & WRC 1996). Water
resources are the cornerstone of industrial development and agricultural production, as well as being
useful in the transportation of goods, production of energy and enhancement of the quality of life
through recreational opportunities (DWAF & WRC 1996). Thus most economies rely on their river

systems and underground water resources for their development.

The 1991 Dublin Conference, in preparation for UNCED 1992, concluded that, “since water sustains all
life, effective management of water resources demands a holistic approach, linking social and economic
development with protection of natural ecosystems”. Since then, it has been recognised that sustainable
use and holistic management of freshwater resources is key to achieving the overall goal of sustainable
development (e.g. UNCED 1992; Second World Water Forum in The Hague 2001; International
Conference on Freshwater 2001 in Bonn; Johannesburg World Summit on Sustainable Development
2002; see Figure 2.2).

Society
Population
Lifestyle
Culture
Social Organisation

Environment Economy

Natural Resources
Atmosphere Agriculture
Hydrosphere : Households
Land ’ Industry
Biota B i Transport
Minerals o Services

Figure 2.2: Social, economic and environmental aspects affecting water resource sustainability (from

http://www.dwaf.gov.za 2002)
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An internationally-accepted approach to sustainable water resources management, and one that is

advocated by Agenda 21 and the Johannesburg Summit Plan of Implementation, is integrated water

resources management (IWRM) on a catchment basis (e.g. Syme et al. 1994; Pomeroy 1995;
Serageldon 1995; Vicory 1995; Abu-Zeid 1998; DWAF & WRC 1996; DWAF & WRC 1998; Gorgens
etal. 1998).

A catchment, or drainage basin, is the total land area from which a river system receives its water, and
the boundaries are demarcated by the points of highest altitude in the surrounding landscape
(Hutchinson 1957; Reid & Wood 1981; DWAF & WRC 1996). A catchment encompasses the entire
hydrological cycle, including atmospheric water (quantity, quality and distribution of precipitation);
subsurface water (soil moisture and groundwater reserves); surface water (rivers, lakes, wetlands,
" impoundments); the estuarine zone and the costal marine zone. DWAF & WRC (1996) define a
catchment as a living ecosystem in which there is a large, interconnected web of land, water, vegetation,
structural habitats, biota and the many physical, chemical and biological processes that link these.
Minshall (1988) states that spatial and temporal dimensions provide the basis of river ecosystem
structure. River systems, and thus catchment areas, have a four-dimensional structure, with changes
occurring longitudinally, laterally, vertically and with time (Ward 1989). Super-imposed upon this is the

human system, which utilises the water as an essential resource.

Integrated water resources management represents an sustainable approach to managing the resources
of a catchment by integrating all environmental, economic and social issues within a catchment into an
overall management philosophy, process and plan (DWAF & WRC 1996). It is aimed at deriving the
optimal mix of sustainable benefits for future generations, whilst protecting the natural resources,
particularly water, and minimising the possible adverse social, economic and environmental
consequences (DWAF & WRC 1996). In essence, it is managing for sustainable development at the

catchment level, where water resources are viewed as the limiting factor.

According to Agenda 21 (DEAT 1998), four actions should be pursued to successfully implement

integrated catchment management:

o Promote a dynamic, interactive, iterative and multi-sectoral approach to water resources
management, including the identification and protection of potential sources of freshwater supply,
which integrates technological, socio-economic, environmental and human health considerations;

° Plan for the sustainable utilisation, protection, conservation and management of water resource
ecosystems based on community needs and priorities within the framework of national economic

development policy;
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J Design, implement and evaluate projects and programmes that are both economically efficient
and socially appropriate within clearly defined strategies, based on an approach of full public
participation, including that of women, youth, indigenous people and local communities in water
management policy-making and decision-making, and

o Identify and strengthen or develop, as required, in particular in developing countries, the
appropriate institutional, legal and financial mechanisms to ensure that water policy and its

implementation are a catalyst for sustainable social progress and economic growth.

2.3  MEASUREMENT OF SUSTAINABILITY USING INDICATORS

Sustainable development is accepted as a vision for managing the interaction between the natural

environment and social and economic progress, but experts are still struggling with the practical problem

of how to measure it. The Centre d'Estudis d'Informaci6 Ambiental (2001) stated that "the move

towards sustainability would entail minimising the use of energy and resources by maximising the use of
information and knowledge". |n effect, in order to manage natural resources in a sustainable manner,
decision- and policy-makers need to improve the application of knowledge gained from information.
There is generally a large communication gap between the provision of data and the application of

knowledge.

One method of providing information in a format that is usable by policy- and decision-makers, is
through the use of sustainability indicators. An indicator is a parameter that provides information about
an environmental issue with a significance that extends beyond the parameter itself (OECD 1993,
Reinikainen 2002). Indicators have been used for many years by economists to explain economic trends,
a typical example being Gross National Product. More recently there have been efforts aimed at
developing indicators that are suitable for measuring sustainable development. As well as national
initiatives (see DEAT 2001), there have been several international initiatives by, most notably:

° The World Resources Institute (Hammond et al. 1995);

° The World Conservation Union-l[UCN (Trzyna 1995);

° The OECD (1993; 2000) and its member countries;

) United Nations Environment Programme (Bakkes et al. 1994);

0 The UN Commission on Sustainable Development (Moldan & Billharz 1997);

o European Environment Agency (EEA 2000, 2002);

o The International Institute of Sustainable Development (1ISD 2002), and

o The World Bank (1995).

15




Agenda 21 (Chapter 40) states that “indicators of sustainable development need to be developed to
provide solid bases for decision-making at all levels and to contribute to the self-regulating sustainability
of integrated environmental and development systems”. This has led to the acceptance of sustainability
indicators as basic tools for facilitating public choices and supporting policy implementation (Von Meyer
2000). They provide information on relevant issues; identify development-potential problems and
perspectives; analyse and interpret potential conflicts and synergies, and assist in assessing policy
implementation and impacts (Von Meyer 2000). in essence, they allow us to better organise, synthesise

and use information.

The main goal of establishing indicators is to measure, monitor and report on progress towards

sustainability. Within this, indicators have numerous uses and potential for improving environmental

management. Some of these include (Hammond et al. 1995; Walmsley & Pretorius 1996):

o Monitoring and assessing conditions and trends on a national, regional and global scale;

° Comparing situations;

o Assessing the effectiveness of policy-making;

° Marking progress against a stated benchmark;

° Monitoring changes in public attitude and behaviour;

o Ensuring understanding, participation and transparency in information transfer between interested
and affected parties;

° Forecasting and projecting trends, and

° Providing early warning information.

Even though indicators are often presented in statistical or graphical form, they are distinct from
statistics or primary data (Hammond et al. 1995). Indicators, which may include highly-aggregated
indices, top an information pyramid, whose base is primary data derived from monitoring and data

analysis (Figure 2.3).

2.3.1 Indicator criteria and possible pitfalls

Indicators should have three essential qualities; they should be “simple, quantifiable and communicable”
(Walmsley & Pretorius 1996). Criteria for selection of indicators vary according to the needs of users
and may differ for each indicator selection process (see LGMB 1995; Meadows 1998; Walz 2000;
DEAT 2002). However, the following criteria, as proposed by the OECD (1993), provide a

comprehensive guide to the selection of appropriate indicators:
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Figure 2.3: Information pyramid (adapted from Walmsley & Pretorius 1996).

With respect to policy relevance and utility for users, an indicator should:

o

Provide a representative picture of environmental conditions, pressure on the environment or
society's response;

Be simple, easy to interpret and be able to show trends over time;

Be responsive to changes in the environment and related human activities;

Provide a basis for comparisons;

Be either national in scope or applicable to issues of national significance (e.g. catchment
management), and

Have a target or threshold against which to compare it so that users are able to assess the

significance of the values associated with it.

With respect to analytical soundness an indicator should:

o

[+]

Be theoretically well-founded in technical and scientific terms;
Be based on international standards and consensus about its validity, and

Lend itself to be linked to economic models, forecasting and information systems.

With respect to measurability of the data required to support the indicators should be:

(]

(<]

Readily available or made available at a reasonable cost;

Adequately documented and of known quality, and
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° Updated at regular intervals in accordance with reliable procedures.

Meadows (1998) outlines several pitfalls in the choice and use of indicators, including:

° Over-aggregation — if too many parameters are joined together, the message presented by the
indicator may become indecipherable;

° Measuring what is measurable or for which there is information, rather than what is important;

° Dependence on a false model or misunderstanding the true meaning of an indicator;

° Deliberate falsification if an indicator carries bad news;

° Diverting attention from direct experience, and increasing the reliance on data rather than
knowledge; |

° Overconfidence, particularly in indicators where interpretation is important, and

° Incompleteness — indicators are not the real system, and they may miss some of the subtleties,

possibilities and warnings of the real system.

The International Institute for Sustainable Development has developed a set of ten principles for the
measurement of sustainable development, which take into account many of the criteria and pitfalls

mentioned above (http://www.iisd.org/measure/ 2002). Known as the Bellaglio Principles, they are

valuable in the determination of sustainability indicators and are useful to ensure that the vision of

sustainability is maintained throughout the process of indicator development (Table 2.1).

2.3.2 Indicator frameworks

One of the problems in the development of indicator sets is the over-abundance of possible indicators.
The use of sustainability frameworks overcomes this by assisting in the development indicators in a
logical fashion so that key issues can be readily identified and summarised, thus making them more
understandable to non-experts. They suggest logical groupings of related sets of information and, thus,
promote interpretation and integration. They can also help identify data collection needs and data gaps.
Finally, indicator frameworks can help to spread reporting burdens, by structuring the information
collection, analysis and reporting process across the many issues that pertain to sustainable

development (Gouzee et al. 1995; Walmsley & Pretorius 1996).
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Table 2.1: Bellaglio Principles (from (http://www.iisd.org/measure/ 2002)

o  Be guided by a clear vision of sustainable development and goals that define

1. Guiding vision and goals that vision.

o Include review of the whole system as well as its parts;

o Consider the well-being of social, ecological, and economic sub-systems,
their state as well as the direction and rate of change of the state, of their

2. Holistic perspective component parts, and the interaction between parts;

o  Consider both positive and negative consequences of human activity, in a
way that reflects the costs and benefits for human and ecological systems,
both in monetary and non-monetary terms

o  Consider equity and disparity within the current population and between
present and future generations, dealing with such concerns as resource use,
over- consumption and poverty, human rights, and access to services, as

3. Essential elements appropriate;

o  Consider the ecological conditions on which life depends;

o Consider economic development and other, non-market activities that
contribute to human/social well-being

o Adopt a time horizon long enough to capture both human and ecosystem
time scales thus responding to needs of future generations as well as those
current to short-term decision making;

4. Adequate scope o Define the space of study large enough to include not only local but also long
distance impacts on people and ecosystems;

o Build on historic and current conditions to anticipate future conditions -
where we want to go, where we could go;

goals to indicators and assessment criteria;

o Alimited number of key issues for analysis;

o  Alimited number of indicators or indicator combinations to provide a clearer
signal of progress;

o  Standardising measurement wherever possible to permit comparison;

o  Comparing indicator values to targets,-reference values, ranges, thresholds,
or direction of trends, as appropriate;

|
o An explicit set of categories or an organizing framework that links vision and
5. Practical focus ‘

o  Make the methods and data that are used accessible to all;
6. Openness o Make explicit all judgements, assumptions, and uncertainties in data and
interpretations;

o Be designed to address the needs of the audience and set of users;

o  Draw from indicators and other tools that are stimulating and serve to

7. Effective communication engage decision-makers;

o  Aim, from the outset, for simplicity in structure and use of clear and plain

language;

o  Obtain broad representation of key grass-roots, professional, technical and
social groups, including youth, women, and indigenous people - to ensure

8. Broad participation recognition of diverse and changing values

o Ensure the participation of decision-makers to secure a firm link to adopted
policies and resulting action.

o Develop a capacity for repeated measurement to determine trends;

o Be iterative, adaptive, and responsive to change and uncertainty because
systems are complex and change frequently;

o  Adjust goals, frameworks, and indicators as new insights are gained

o  Promote development of collective learning and feedback to decision-
making.

9. Ongoing assessment

o  Clearly assigning responsibility and providing ongoing support in the
decision-making process;

10. Institutional capacity o  Providing institutional capacity for data collection, maintenance, and
documentation;

o  Supporting development of local assessment capacity.
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There are numerous frameworks or models of sustainability that have been proposed over the last

twenty years (see OECD 1995). However, not all of them are appropriate for the development of
indicators. This section briefly outlines only those frameworks that could be used to assist in the
identification of indicators (published in a project document as part of the South African National
Environmental indicators Programme, DEAT 2001; see Appendix E). They can be split into four main

types: issue-based, physical, economic and societal.

|ssue-based frameworks

Issue-based frameworks, as their name suggests, are based upon the identification of strategic issues
that will influence the sustainability of a system (country, province, region etc). They rest upon the
premise that not all issues are equally important at any given time. Thus, they are dynamic and will

change over time as the priority issues are dealt with and other issues emerge.

0 Thematic frameworks - Thematic frameworks are the basis for all state-of-the-environment
reports (see UNEP/GRID-Arendal 2002). indicators are designed and used to describe the status
surrounding a specific aspect of the environment. Every society and community will have its own
themes and issues that it feels are important. It thus follows that indicators can be aggregated
within themes or issues that they describe (Bakkes et al. 1994). It is essential to define key areas
(themes) of concern and identify indicators that can be used to monitor and measure conditions
(issues) within these priority areas. In some cases, the themes are chosen in accordance with a
specific policy framework, such as a Sustainability Charter. An example of this is the use by the UN
Commission for Sustainable Development using Agenda 217 as its framework to develop themes

and issues for which indicators could be chosen.

° Dashboard of Sustainability - The Dashboard of Sustainability, developed by the Consultative
Group on Sustainable Development Indicators of the International Institute of Sustainable
Development (ISD), uses an analogy of the dashboard of a car to develop a visual presentation of
the elements of a sustainable system (11SD 2002; Figure 2.4). The dashboard has three displays,
corresponding to three clusters of indicators that measure the status of the environment
(Environmental Quality), the economy (Economic Performance) and the social well-being (Social
Health) of a nation. Each dial has: a needle pointing to a value that reflects the current
performance of that system; a graph reflecting the change in performance over time, and a gauge
showing the amount remaining of certain critical stocks. Beneath each of the three dials is a
display area for alert lights. Indicators crossing critical thresholds or experiencing rapid change,

trigger warning lights that call special attention to those indicators. The overall state-of-the-

20




environment is reflected in the composite status indicator labelled “Overall Sustainability”. The
1ISD has developed a simple set of indicators and indices that fit into this framework (11SD 2002),

and it is currently being testing at a national level in several countries, including South Africa.

Figure 2.4: Dashboard of sustainability (from [ISD 2002).

Impact-Probability framework - The impact-probability framework is based on two strategic

considerations. The first is the impact of a particular problem and the second is the probability or

risk that the issue will cause a problem. This can be represented graphically using a simple
business-school model (Figure 2.5). This framework identifies four types of issue that are of

concern when making a strategic sustainability analysis. They are (Walmsley et al. 1999):

»  Latentissues of low impact and low probability. These issues are of concern because they are
important as part and parcel of long-term management. Because impact and risk at the
present time is relatively low there is only a need for monitoring.

»  Emerging issues of increasing impact and increasing probability. These are issues that have
the potential to emerge as problems or are beginning to emerge as problems. These issues
have the potential to cause problems in the near future. There is, therefore, a need to have
them monitored as a priority.

»  Action issues of high impact and high probability. These are issues that should occupy most
management time as they require solutions. They not only require monitoring but also the

setting of objectives for problem-solving to reduce the risk.
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>  Solved issues of high impact and low probability. These are issues where the management
problem has been solved through the successful implementation of an intervention.
Monitoring of performance is ongoing to ensure that the intervention has been successfully

implemented (performance indicators).

Active » Solved
issues issues

A» Indicators of Performance
objective indicators

A4

Emerging 4 Latent

issues issues
Low ’
High PROBABILITY Low

Figure 2.5: Impact-probability framework (adapted from Walmsley et al. 1999).

Physical frameworks

Some frameworks are based on the physical interaction between humans and the environment, and the
impact of this interaction. They take into account both the static elements of a system, as well as the
dynamic elements such as physical flow etc. These physical frameworks are designed to ensure that the
environmental aspects of sustainability are reflected, as well as the economic and social aspects. The
most commonly-used of these frameworks are the Pressure-State-Response (PSR) framework and the
Driving-Forces-Pressure-State-Impact-Response (DPSIR) framework, which is based on the PSR

framework.

o PSR Framework - The pressure-state-response (PSR) framework (Figure 2.6) was originally
developed by the OECD programme on environmental indicators during the late 1980's from
earlier work by the Canadian Government (Friend & Rapport 1979). This framework is based on a

cause-effect-societal-response logic, where human activity causes pressure on the environment,
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whose state (quality and quantity) is changed, resulting in a societal response to reduce or

eliminate the problem (Carlsson Reich & Ahman 2000). Pintér et al. (2000) expand upon the

three categories of the PSR framework as follows:

>  Pressures are classified into underlying forces such as population growth, poverty
consumption or pollution. The pressures on the environment are often considered from a
policy perspective as the starting point for addressing environmental problems. Information
on pressures tends to be the most readily available since they are often derived from socio-
economic databases. They include primary pressures such as population growth and
economic development, and secondary pressures such as consumption patterns and
pollution;

>  State refers to the condition of the environment resulting from pressures (e.g. level of air
pollution, land degradation or deforestation). The state of the environment will, in turn,
affect human health and well-being as well as the socio-economic fabric of society. Knowing
both the state of the environment and its indirect effect is critical for decision-makers and
the public.

»  Response corresponds to societal action taken collectively or individually to ease or prevent
negative environmental impacts, correct environmental damage or conserve natural
resources. Responses may include regulatory action, environmental or research expenditure,
public opinion and consumer preferences, changes in management strategy, and provision
of environmental information. Satisfactory indicators of societal response tend to be the

most difficult to develop and interpret.

The framework was originally developed as a simple model used for isolated chains of cause and
response. Because of the complexity of environmental relationships, in practice identification of
causal chains is difficult. Thus, the framework has been developed to take into account more
complex interactions (see Figure 2.6), where societal response is shown to impact on both the
pressures and the state of the environment. Some indicators can be placed in more than one
category, so the framework should be used for analysis rather than for rigid categorisation of
indicators. This framework forms the basis for indicator development for several organisations
including the Organisation for Economic Co-operation and Development (OECD), the UNCSD,
the US Environmental Protection Agency (EPA) and the Australian and New Zealand governments
(Zinn 2000; ANZECC 1998).
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Figure 2.6: Schematic diagram of the Pressure-State-Response framework (Walmsley & Pretorius
1996).

° DPSIR and PSIR frameworks - The PSR framework was further developed by the United Nations
and the European Environment Agency into the Driving-forces-Pressure-State-lmpact-Response
(DPSIR) framework (Figure 2.7). The DPSIR framework is viewed as providing a systems-analysis
view of the relations between the environmental system and the human system (Smeets &
Weterings 1999) rather than a direct cause-and-effect approach like the PSR. According to this
view, social and economic development