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ABSTRACT

Water resources management has become a field where
computer-aided analytical techniques are expected to facilitate a
complex process of decision making which involves several
stakeholders with varied interests and various socioeconomic
objectives of the natural resource development and management
strategies. In many ways, the decision-making related to water
resource management exhibits a political process that requires
water resources engineering expertise combined with suitable
use of informatics. This paper investigates the case of South
Africa to assess the extent to which various computer-based
decision support systems have succeeded in terms of addressing
the socioeconomic objectives encompassed under the new vision
for water resources management. Prevailing gaps have been
identified through an exhaustive review of relevant initiatives in
the country and abroad. A conceptual recommendation has been
made to address the identified gaps while highlighting the
challenges that lie ahead.

Keywords: Decision support, water resource management, and
socioeconomic objective.

GENERAL WATER SITUATION IN SOUTH AFRICA

Recently proposed National Water Resources Strategy for South
Africa notes that, in an average year, South Africa gets only
about half (450 mm) the world’s average rainfall (860 mm per
year). In addition, temporal and spatial variations in runoffs
across the country considerably constrain the availability of
water in terms of adequate, reliable, and timely supplies of water
at the required places for various uses [1, 2]. Such variations
also influence the extremities such as droughts and floods.
Besides these limitations, the competition for water within a
sector and across sectors is expected to increase due to:

- Growing water demands resulting from increasing
economic activities,

- National commitment to fulfill basic human needs,
and

- Reduced water availability for natural ecosystems,
including wetlands and forests, in a context of
growing ecological consciousness.
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Nearly 11 out of the 19 Water Management Areas (WMAS)
already have deficit water supplies though the country as a
whole has a surplus [2]. The deficits are generally projected to
increase and surpluses to diminish considering the future
demands for water over the coming years.

THE NEW VISION FOR WATER RESOURCES
MANAGEMENT

Over the last decade, the vision for water resource management
in the country has been refined and broadened to address a wide
range of purposes [1, 2]:

- Meeting basic human needs of present and future
generations;

- Ensuring equitable access to water while also
redressing past racial and gender discrimination which
discriminatory laws and practices of the past have
caused in relation to the use of water resources;

- Promoting efficient, productive, beneficial, and
sustainable water use;

- Facilitating social and economic development through
integrated water resources management,

- Fulfilling growing demands for water;

- Protecting biodiversity and ecology;

- Preventing pollution and degradation of water
resources;

- Meeting international obligations in relation to water
sharing;

- Enhancing safety of water infrastructures;

- Managing extremities - floods and droughts;

- Institutional development of various stakeholders; etc.

The overall goal is to maximize economic and social well-being
in an equitable manner without compromising the sustainability
of vital ecosystems. The primary focus is on incorporating the
following key objectives into the decision making process
related to water resources management in the prevailing
hydrological, ecological, and socioeconomic context of South
Africa [1]:

1) Achieving efficiency, productivity, equity, and
sustainability;

2) Addressing past inequities in access to water;

3) Securing environmental water needs; and
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4) Meeting basic human water needs.

Besides being diverse, several of these purposes and objectives
are cross-sectoral and not limited to just the water sector and
relate to, in addition to water, the natural and human systems.
This also indicates a need for a more intensive and integrated
management of the water resources while keeping the new
principles in mind. In relation to scale, the emphasis now is on
river basins compared to individual water systems in the past.
Procedurally, a sharper focus is on stakeholders’ involvement in
decision-making; the delegation of responsibilities of water
resources management to the stakeholders; stakeholders’
empowerment; and compatibility among the national, provincial,
and local spheres of water governance structures [1].

Thus, this new vision for the water resources management in
South Africa not only implies the diversity of the issues to be
taken into account while undertaking water-related planning,
implementation, evaluation activities but also make the decision
making process more complex and challenging.

This new water management vision, to facilitate its effective
implementation, has been enforced mainly by promulgation of
the National Water Act, 1998. Directed by this Act, the ongoing
reforms in the water sector of South Africa involve several
institutional measures, taken and being taken, both in terms of
rules and tools. For examples:

- Formulation of new policies, strategies, rules,
regulations, and guidelines;

- Creation of various stakeholders’ organizations such
as Water Users Associations (WUAs) and Catchment
Management Agencies (CMAS) in various WMAs;

- Promotion of stakeholders’ participation at various
stages of decision-making process;

- Power devolution to stakeholders and their
empowerment via WUAs and CMAs;

- Control of water uses through Compulsory licensing,
Water pricing, Reserve determination, etc;

- Invocation of the concept of cooperative governance,

- Agencies’ role change - from implementer to
facilitator/regulator;

- Promoting  involvement of  community-based
organizations and non-governmental organizations;
etc.

DECISION SUPPORT SYSTEMS FOR WATER
RESOURCES MANAGEMENT

Internationally and in South Africa, water resource managers
have access to various computer-based tools for decision-
making. These are Information Systems such as databases and
Geographical Information Systems (GIS), computational
frameworks like expert systems and simulation modeling
techniques. Though there have been variations in interpreting
what a Decision Support System (DSS) means, there seems to
be some consensus as to the purpose of the DSS, i.e. to support
decision making in more or less complex (i.e. multi objective or
semi structured) situations [3]. The DSSs are computer-based
systems that integrate the following three components into a
single software implementation [3]:

1) State information - data which represent the water
resource system’s state at any point in time;

2) Dynamic and process information — first principles
governing the resource behavior over time; and
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3) Plan evaluation tools - utility software for
transforming raw system data into information
relevant for decision making.

Thus, a DSS may assist the decision makers in taking the right
decisions on the basis of a good comparison of different
strategies under various scenarios, and combine the benefits of
GIS, expert systems, and simulation models. Such decision-
making can relate to any of the three tiers: strategic planning,
management control, and operation control [3]. Modern
visualization techniques, that are often integral part of the recent
DSSs, enable the decision makers to get a quick insight into the
various options and tradeoffs. In that respect, a DSS is
considered quite useful for priority rankings in a river basin.

There exist six types of DSSs in the field of water resources
management [3]:

1) Watershed models,

2) Surface-water quantity models,
3) Surface-water quality models,
4)  Ground water models,

5) Economic models, and

6) Social models.

However, most recent efforts to develop models and DSSs
extend over more than any one of the above types, for instance,
combining ground water and surface water, water quantity and
quality, surface water and economic aspects, etc. This is mainly
due to the widely expressed need for adopting an integrated
approach for water resources management and to address the
intensified necessity for integrated science for -effective
evaluation of tradeoffs in the choices that face society [4].

Use of a DSS for integrated water resource management is very
common in several successfully managed river basins around the
world, e.g. Murray-Darling river basin in Australia, Komering
River basin in Indonesia, Colorado River in the USA, and so
forth. It is increasingly being given attention also in South
Africa. There can be a range of feasible water management
alternatives (longer-term strategic choices for managing water
resources) depending upon the development stage of a river
basin and corresponding important concerns perceived by the
stakeholders [5]. In order to adopt the best favorable alternative,
one needs to assess and compare the implications of these
alternatives on several sets of criteria depending upon the goals
and objectives set forth by the stakeholders and/or as guided by
the national strategy for water resources management in a given
setting.

THE NEED FOR AN ENHANCED DECISION SUPPORT
SYSTEM IN SOUTH AFRICA

The plurality of concerns ensuing from: (1) water scarcity, both
temporal and spatial; increasing competition for water, (2)
diversified purposes and objectives; (3) integrated approach for
managing water which also embraces human systems, and (4)
related institutional measures; establishes a pressing need for
improved and more comprehensive water resource planning and
management. Such management needs to consider all the three
dimensions: hydrological, ecological, and socioeconomic - as
against the biophysically biased business as usual. This is
particularly important in a country like South Africa where
approximately 70% of the gross domestic product depends upon
the water resources [2].
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In order to assist such a comprehensive water resources planning
and management, it is imperative that a relevant DSS also
encompasses a comprehensive set of criteria against which
various water resource management alternatives can mutually be
compared. These would include the socioeconomic criteria
pertaining to socioeconomic objectives. The need to include
socioeconomic component in the decision support tools are
particularly important from at least two viewpoints: 1) to
facilitate integrated approach of water resources management
and 2) to pursue socioeconomic development goals through
water resources management such as poverty alleviation, equity
in water entitlements and access, addressing past inequity,
meeting basic human needs, etc.

Several recent legislative initiatives clearly highlight the need to
also take account of socioeconomic indicators in such decision
support tools. This need is also in accordance with the
Promotions of the Administration Justice Act (Act 3 of 2000,
Section 3), which requires that decisions related to the National
Water Act (1998) consider all relevant information including the
rights of affected parties.

Including all these hydrological, ecological, and socioeconomic
dimensions into a DSS has two-fold implications. Firstly, it
modifies the larger paradigm in which water resources
management options are perceived, assessed, developed,
adopted, and managed. Secondly, it influences the criteria set
(value tree) against which various water resource management
alternatives are assessed and compared.

SOCIOECONOMIC OBJECTIVES OF WATER
RESOURCES MANAGEMENT IN SOUTH AFRICA

“Objective” can be defined as ‘an aim, goal, or end of action
toward which an effort is directed’®. “Socioeconomic™ usually
means ‘of or relating to social and economic status of human
society’?. In general, all activities related to IWRM have
something to do with the human society and has direct impact
on the socioeconomic status of the society in the form of
monitory gain, food security, social cohesion, employment, etc.
Besides, the water management activities can also have impacts
on hydrologic and ecological conditions of the river basin,
which in turn, may influence the socioeconomic status of the
stakeholders in the basin. For instance, promoting groundwater
use (within the annually rechargeable limit) in a river basin may
decrease the need for run-off-the-river diversions leaving more
water to flow through the river network affecting the hydrologic
conditions of the basin. Such a change in hydrological
conditions may increase the hydropower generation potentials
improving the socioeconomic conditions of the basin. In
addition, the availability of more water in the river could affect
the ecological conditions in the surrounding area increasing the
opportunities for recreational activities and hence, the
employment. Thus, a water management related activity could
have direct or indirect effects on several fronts though it might
not have considered all of them at the inception stage. Many of
these effects can be interdependent. Accordingly, water
resources management can have many interdependent sets of
objectives covering many fields, such as hydrological,
ecological, socioeconomic, etc. Their interdependency makes it
challenging to categorize objectives uniquely, such as
socioeconomic objectives. Nevertheless, for a more systematic

! http://m-w.com/dictionary/objective
2 http://www.defenselink.mil/prhome/poprep99/html/chapter7/c7-
def_ses.htm
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assessment, these effects need to be grouped in most closely
related categories. Such a categorization can facilitate the
assessment of objectives with the help of variables which are
more relevant and meaningful.

Based on the document review, information gathered through
interviews with the government officials and water users,
various socioeconomic objectives in South Africa can be
outlined as follows:

1) Equity - in entitlements, physical and economic
accessibility

2) Beneficiation (beneficial to all users, contributing to
socioeconomic development, addressing peoples’
needs)

3) Public Participation (stakeholders’ involvement, use of
local knowledge, transparency, fairness, protection of
basic rights)

4) Poverty alleviation (employment generation, boosting
income, improving water use by resource poor,
reducing vulnerability)

5) Institutional Development
accountability, financial viability)

6) Stakeholders’ Empowerment (authority delegation,
subsidiarity, representivity, capacity building)

7) Basic human need fulfillment

8) Social sustenance (taking account of population
change in future)

9) Addressing past inequalities (accounting for
Previously Disadvantaged Individuals/Historically
Disadvantaged Individuals, corrective actions to
reduce social and economic power gaps)

10) Fostering cooperative governance (shared
responsibilities)

(organization,

These objectives imply that any water management alternative
must contribute, possibly with varying effects, towards
fulfillment of these objectives. Alternatively, consequent effects
of any alternative need to be assessed against these objectives.

CONSIDERATION TO SOCIOECONOMIC
OBJECTIVES IN EXISTING DECISION SUPPORT
SYSTEMS

In South Africa and abroad, numerous efforts have been made
and still being made to develop various DSS for water resources
management [5, 6, 7, 8, 9, 10]. Several of them are currently in
use by various water management entities. To assess the extent
to which various socioeconomic objectives have been addressed
in the DSS - and thus to identify the gaps - more than 100
relevant DSS were appraised.

An appraisal of in-country efforts indicate that the nature of such
initiatives has been diverse and meant for varied purposes [9, 10,
11, 12, 13, 14, 15, 16, www.capetown.gov.za/water/wsdp]:

1. Relative assessment of various scenarios under
particular water management alternatives, such as:

- comparing and identifying best land use scenario
for the alternative of changing land use,

- prioritizing licensing options under the
alternative  regulating water use through
licensing/allocation plans,

- comparing and identifying best option for
augmenting supplies for the alternative of
increasing water supplies,
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- identifying the best way to influence the water
demand under the alternative of demand
management, etc.

2. Evaluating impacts of specific tasks of CMA, which it
is expected to undertake under the prevailing
legislations and acts, such as reserve determination for
human and ecological needs, resource classification,
resource-directed measures, assessing individual
license applications, etc.

3. Monitoring the process of CMA development to
ensure its sustainability using sustainability indicators
for catchment management.

4. Developing a tool to support the process of dispersed
decision-making by the CMAs for developing
catchment management strategy and to carry out
envisioned water management tasks.

5. Developing a methodology using multi criteria
decision analysis (MCDA) that could facilitate
stakeholder participation water resource management.

6. In-stream flow assessments considering flow
reduction activities for improved understanding the
water situation in a catchment and developmental
constraints.

7. Social impact assessment of a particular water-related
project.

Despite having different visions and purposes, many of these
decision support tools intend to address several socioeconomic
objectives. However, an assessment of the extent to which these
initiatives ensure fulfillment of the previously identified
socioeconomic objectives while being used for the intended
purposes indicate that though partial efforts are evidenced under
many examples, no single decision support tool covers
appreciable extent of the previously identified socioeconomic
objectives. The close ones are the efforts made under Social
Assessment Framework, Multi-criteria Decision Support for
Reserve Determination and Other Catchment Management
Activities, and Strategic Environmental Assessment.

Among initiatives made abroad, only a few initiatives have
made some efforts towards incorporating socioeconomic
objectives, namely GIS-Based Decision Support System
(GDSS), Egyptian Water Resources Socio-economic and
Environmental System (EWRSES), Rio Grande Decision
Support System (RGDSS), SEWSYS, Watershed and River
System Management Program (WaRSMP), and System
Dynamics Model of the Walker River Basin (WBSM) [17]. The
RGDSS aims at evaluating alternative water development and
administration strategies against the related policies and laws.
However, this also is under development and focuses on
regional water allocation considering the only objective of
maximizing economic returns. EWRSES is also under
development though it plans to accommaodate social, economic,
and environmental impacts in water resources planning. The
conceptual model has tried to take a multi-dimensional and
integrated approach to assess the effects of policy makers’
different actions on water resources and environmental systems,
socioeconomic  system, and microeconomic system, to
investigate eventual effects on the quality of life. SEWSYS is
primarily a decision support tool for urban water management
and it is still under testing. In the name of socioeconomic
variables, its deals with only operation and maintenance cost in
quantified terms. The rest of the variables; such as institutional
capacity, socio-culture, and equity; are dealt in form of linguistic
variables with qualitative categories such as: very good, good,
bad, etc; based on participant's opinion. WaRMSP facilitates
decision-making to ensure an equitable balance among

4 SYSTEMICS, CYBERNETICS AND INFORMATICS

competing water uses. Nevertheless, it takes account of only one
socioeconomic objective, i.e. equity. WBSM, which also is
under development, is aimed at comparing ecological and
economic impacts of stream flow restoration alternatives mainly
to assess environmental impacts. This general equilibrium model
has been developed and is currently being tested to derive
regional economic impacts of surface water allocation, which
has been considered as the only water management alternative.
EIADSS addresses some useful socioeconomic attributes but
focuses on environmental impact assessment and does not
regard predefined socioeconomic objectives.

CONCLUSIONS

Several decision support systems have been developed and still
being developed in South Africa and abroad. Most of them aim
to facilitate integrated and comprehensive decision-making with
regard to water resources management at various scales. The
review of initiatives related to the development of various DSS
substantiates that a substantial amount of works has been done
and progress made with regard to hydrological and ecological
components and related criteria sets. The initiatives made so far
with regard to socioeconomic component have been fragmented
and insufficient to develop an appropriate and confidently usable
socioeconomic module for the decision support [18]. Efforts
made to date in South Africa, in which mainly South African
universities and local consultants were involved, have been
geared toward the specific needs of the respective sections in the
Department of Water Affairs and Forestry without sufficiently
encompassing the socioeconomic objectives. Similarly, among
the completed efforts made abroad, GDSS looks into the
singleton objective of maximizing economic returns for regional
water allocation, whereas, WaRSMP considers only one
socioeconomic objective of equity to help achieve a balance
among competing demands. EIADSS is meant for
environmental impact assessment and does not address
predefined socioeconomic objectives.

These important but partial and fragmented efforts can be very
useful for developing a general and more comprehensive
methodology for establishing links between water management
indicators and socioeconomic objectives, and eventually for
relative assessments of various water management alternatives.
Use of this socioeconomic module can identify better suitable
alternatives from socioeconomic objectives in combination of
others: hydrological and ecological; and hence help make better-
informed decisions. Besides enriching the decision-making
capacity by incorporating the socioeconomic component for
improved and more comprehensive water resources
development and management, it will help in adopting more
acceptable project planning, catchment management strategy
formulation, and implementation processes at various
hydrological scales [19]. In addition to fostering transparency
and communication among the stakeholders, the socioeconomic
module and its conceptual framework will also be useful for
comprehensive impact assessments.

A NOTE FOR WAY FORWARD

Alternative longer-term strategic choices for managing water
resources at the scale of interest can be interpreted as water
management alternatives. The main goal of the most water
management alternatives is to satisfy water demands of the
aspirant water users. Such alternatives may include: dam
construction; improving water distributional efficiency; water
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reallocation; water pricing; groundwater development, etc.
Often, such a goal is associated with detailed tasks such as
ensuring the availability of water in right quantity, at right time,
of right quality at the needed points and locations. Further added
conditions may include, accomplishing such tasks in an
efficient, reliable, safe, and sustainable manner®.

How well a task is performed is tracked and assessed by means
of appropriate water management indicators, such as water
availability, adequacy, efficiency, reliability, etc, depending
upon what were the expected immediate outcomes from the task.
In other words, the immediate outcomes of a water management
alternative first need to be assessed with the help of water
management indicators, on which various water management
alternatives have immediate effects. These outcomes, in turn,
generate several implications on socioeconomic conditions of
the basin (This explanation also holds in relation to hydrological
and ecological fronts). These implications are expected to
contribute towards fulfillment of larger socioeconomic
objectives of water resource management (poverty alleviation,
equity in water entitlements, access to water services, addressing
past inequity, meeting basic human needs, etc).

In sum, all identified water management alternatives, depending
on their technical viabilities including hydrological, biophysical,
and financial limitations, will have immediate and more visible
and direct effects on water management indicators. These effects
eventually will have various implications on the socioeconomic
conditions of the basin in a given socio-institutional context,
which eventually need to contribute toward fulfillment of the
longer-term socioeconomic objectives of integrated water
resource  management. A structured illustration of this
interrelationship among the socioeconomic objectives, water
management alternatives, water management indicators, and
socioeconomic implications is portrayed in Figure 1.

Obviously, this assertion is based on an assumption that it is
possible to quantify the ranking of criteria, which has intricate
implications from the viewpoints of rational choice theories.
This can be addressed by using MCDA techniques in a suitably
enhanced DSS [6]. Thus, the approach will help in aggregated
prioritization of different water management alternatives by
investigating and taking account of the tradeoffs on
hydrological, ecological, and socioeconomic fronts altogether.
The suggested overarching framework for the use of MCDA in
an enhanced DSS is shown in Figure 2.

Nevertheless, in order to rank-order different water management
alternatives against the socioeconomic objectives, all the
indicators identified for specific socioeconomic objectives will
need to be quantitatively aggregated based on a scoring system
as agreed upon by the stakeholders themselves. In other words,
stakeholders  will themselves define how much one
socioeconomic objective is more important that the other. It is
may also include qualitative grouping. MCDA techniques have
been proved very useful for such analyses and the analyses will
need to be based on ante-facto approach. The challenges on the
way forward can be outlined as follows:

1. Finding appropriate indices for the identified
indicators;
2. Defining scales for quantification of indicators;

% http://sofia.usgs.gov/sfrsf/entdisplays/restudy/gettingright.pdf,
http://epw.senate.gov/107th/str_0920.htm, http://www.icid.org/v_uk.pdf,
http://www.waterinbeeld.nl,
http://wa.water.usgs.gov/outreach/hydrology.primer.htm
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3. Identifying suitable weight assigning principles; and

4. Developing a perpetually aggregating quantitative and
qualitative scoring system for the use of MCDA for
rank-ordering the water management alternatives.
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Socioeconomic objectives of integrated water
resource management
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Figure 1: Linkage among socioeconomic objectives, water management alternatives, indicators, and socioeconomic implications
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Figure 2: Suggested framework for prioritizing water management alternatives using MCDA
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