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While definite benefits could be gained from integrating the management of natural and human systems,
taking into account the effects of human activities on the environment, the task of operationalising and
implementing this approach in practice represents an enormous challenge. Some limitations highlighted
include the definition of IWRM itself, where it appears to be broad, all- encompassing and impressive, but
contains ‘“lofty phrases” that have little practical importance for either present or future water
management practices. This paper makes recommendations to uptake and incorporate the systems
thinking approach (STA) in IWRM decision making processes, an approach envisaged to be more
participatory and also process-oriented. Incorporation of socio- economic dynamics is also
recommended, with a suggestion that the biophysical relationships like interactions in a basin between

water, the human population and settlements should be analysed to the extent possible.
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INTRODUCTION
IWRM and the economic interdependence
The last two decades have seen a call for increased

integration in water management, driven by recognition of
the limits of a fragmented organisational approach and an
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Abbreviations: DWA, Department of water affairs; DWAF,
department of water affairs and forestry; IWRM, integrated water
resources management; K9, monitoring point on Klip River; L1,
monitoring point on Leeuspruit River; MDG, millennium
development goals; MWB, Midvaal water board; M3, monitoring
point on Mooi River; NWA, national water act; PPP, polluter-pays
principle; RWB, Rand water board; SWB, Sedibeng water board;
S4, monitoring point on Suikerbosrant River; T1, monitoring point
on a stream from Webb’s farm; VR, Vaal River; Vs3, monitoring
point on Vals River; V1 - V19, monitoring points along the Vaal
River; WRC, water research commission; WSSCC, water supply
and sanitation collaborative council.

increased understanding of the interconnected nature of
water related issues. The following documents: Agenda 21
chapter 18 (United Nations, 2004b), summary report of the
Bellagio report (WSSCC, 2000), Rio Declaration principles
15 and 16 (United Nations, 1992), MDGs (United Nations,
2008) and the Johannesburg Declaration 3 (United
Nations, 2004a) are examples.

At a global scale the Brundtland report (United Nations,
1987) warns of many forms of development which erode
the environmental resources upon which they must be
based. For example too much water and non-renewable
resources of high quality are taken from the eco-system
and returned to the eco-sphere as pollution (Gumbo,
2005). Compatibility of environmental and economic
objectives has thus been lost in the pursuit of individual or
group gains, with very limited regard for the impacts on
other sectors. There is pursuance of blind faith in
science’s ability to find solutions and an ignorance of the
not too distant consequences of today’'s decisions.
Institutional rigidities are alleged to add to this myopia.
One such important rigidity which is echoed in the
Brundtland report (United Nations, 1987) is the tendency
to deal with one industry or sector in isolation, failing to
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recognize that the strategy for sustainable development is
to integrate economic and ecological considerations in
decision making.

For river basins, their sub-basins or the recharge areas
of groundwater, various water uses may compete or even
be in conflict with each other, thus creating management
problems, particularly if water is scarce and/or its quality is
deteriorating. Knowledge about economic development
patterns becomes important for understanding how water
management problems may worsen in the future (United
Nations, 2007). A few of these problems identified at a
catchment level include the effects of excess nutrients,
suspended and bottom sediments, heavy metals and
other chemicals in surface/groundwater on drinking-water
purification and use; as well as the impacts of mining
activities on water resources.

Yet in conventional economic appraisals the water
industry has concentrated on economic efficiency defined
almost entirely in allocative terms, the key issues being the
efficiency with which available water resources are
allocated between users and with which factors of
production are invested in new facilities. In the spirit of
IWRM the link with economic operations has not been so
obvious, highlighting the economic and social good of
water as a resource (Liu et al., 2003).

The United Nations status report by Young et al. (2008)
tracks progress towards full implementation of IWRM and
highlights thorny issues where developed countries have
advanced on almost all major issues, but that there is still
much room for further improvement. For developing
countries there has been some improvement in the IWRM
planning processes at national level but more needs to be
done to implement the plans. Insufficient alignment and
cooperation between the policies of different government
departments and the practices of different water use
sectors that impact on water are pointed out by Funke et
al. (2007), as huge impediments to the limited successes
in IWRM, so far. Van der Zaag (2005), though, argues that
the implementation of IWRM is a ‘must because
systematically pursuing IWRM con- stitutes a path of short-
term risk that leads to long-term security, which supports
the current and future environ- mental and developmental
needs to manage water resources in a holistic manner.

While definite benefits could be gained from integrating
the management of natural and human systems, and
taking into account the effects of human activities on the
environment, the task of operationalising and implement-
ting this approach in practice represents an enormous
challenge (Funke et al., 2007). The same report further
argues that while the Global Water Partnership’s defini-
tion of IWRM appears to be broad, all-encompassing and
impressive, it however contains “lofty phrases” that have
little practical importance for either present or future
water management practices. The report further notes
that the phrases do not help water planners or managers
to solve problems in the water sector. Ultimately, Biswas

(2004) in Funke et al. (2007) considers the IWRM concept
to be “unimplementable” because of the difficulty in
integrating the actions of different sectors such as water
and energy.

For operational reasons in South Africa, not-
withstanding many other IWRM related activities, the
Department of Water Affairs (DWA) had moved from
broadly IWRM to primarily domestic water supply and
sanitation (Jonker, 2007). The report assets that this move
was due to a lack of conceptual clarity of IWRM, although
in South Africa, the concept is an important aspect of the
1998 National Water Act (NWA). This is evidenced by the
establishment of Water Management Areas and other
supporting institutions described in DWAF (2004). Jonker
(2007) thus proposes a re-worded definition for IWRM that
allows for measurement of the concept’s critical
components, namely, people’s activities, improvement of
their livelihoods and disruption of the water cycle.

South Africa is water-scarce and the provision of water
should always be considered in terms of the socio and
ecological economic benefits accruing from contributions
by specific users, where successful implementation of the
NWA 1998 is dependent on having the right tools available
to support water resources decision-making and
competent people to apply these tools. Futuristic systems
thinking (ST) and a visionary approach are useful tools in
dealing with the complex institutional environment and
assessment of future reform impacts. A STA could also
provide an assessment platform for the measurable
activities.

The STAto integrated catchment management

Global environmental change and sustainability are
characterised as the challenge of managing change in
dynamic systems riddled with uncertainty (Dovers and
Handmer, 1992) and for economic exchanges to become
beneficial for all involved, two conditions must be met.
Firstly, the sustainability of that ecosystem must be
guaranteed. Secondly, the partners to the economic
exchanges must be satisfied that the basis of exchange is
equitable. Unfortunately for the water and economy
sectors neither condition is met, hence the unsustainable
situation that many developing countries find themselves
in, where fresh water resources are deteriorating at an
alarming rate.

Integration of disciplines

An increasing awareness of the complexity of environ-
mental problems has triggered the development of new
management approaches. Pahl-Wostl (2007) discusses
the importance of focusing on the transition to new
management paradigms based on the insight that the



systems to be managed are complex and adaptive. The
paper provides arguments for the role of social learning
processes and the need to develop methods combining
approaches from hard and soft systems analysis. Many of
the traditional approaches tend to strive for objectivity and
are thus classified as hard systems. The STA has been
proposed as a useful method of integrating disciplines
based on ‘reductionism' and the degree of
“subjectivity’. A reductionist approach like IWRM tends
towards breaking down complex systems into simple
constituents, based on the view that they can be fully
understood in terms of their isolated parts. In contrast, the
holistic approach recognises the tendency in nature to
form “wholes' that are more than the sum of the parts by
ordered grouping, a STA. Although some systems can be
studied in a reductionist manner, a truly holistic approach
is, by virtue of its breadth and complexity, difficult to adopt
thus in practice there is a continuum of approaches
incorporating degrees of reductionism. Systems based
research, as a paradigm, tends towards the holism where
sustainable planning is influenced by the concept of
holism, a central tenet of ST.

Examples of practical application of the STA

By way of moving towards operationalising IWRM, Moore
(2004) provides an approach to ecosystem toxicity using
ST, even though practical challenges are also highlighted.
Stakeholder cooperation is emphasized as key to
implementation of the STA towards greener production in
the textile industry, a major industry contributing towards
environmental toxicity. One of the approaches in this case
was applying limits to success for toxicity reduction by
product substitution as well as making follow-ups on a
flowchart depicting an inclusive process for aquatic toxicity
resolution. A bench-marked dialogue acceptable to both
legal and regulatory authorities was thus created, without
which the whole process could have been sidetracked by
the diverse goals of multiple stakeholder groups (Moore,
2004).

From Figure 1, Chan and Huang (2004) argues that the
viewpoint of sustainable development dictates that a
sound growth pattern of a community should be a logistic
S-curve type. Because the cybernetic thinking tends
towards the idle, environments in crisis currently due to
pollution and over allocation of natural resources, are
already signifying signs of collapsed.

The 4 interrelated challenges

In the context of decision-making and decision support
systems, targets pose 4 inter-related challenges:

- Going beyond ‘end-of-pipe’ solutions.
- Enhancing integration.

- Encouraging meaningful participation.
- Linking actions and measures across multiple scales.

In the process of holistic planning, stakeholders are
encouraged to step outside of the boundaries of their
disciplines, and to have a ‘life cycle basis’ view so that the
implications of a project over its total time span are
considered (Tippett, 2005).

The importance of participation

In a reflection on lessons learnt in the twentieth century,
the need for broad participation in planning could not be
over emphasised, especially as participatory elements
could increase the quality of public decision making by
improving information management and the legitimacy of
the decision process (Messner et al., 2006). Participation
is thus a crucial element in IWRM, and du Toit and Pollard
(2008) note that in South Africa ‘participation fatigue’ might
eventually lead to growing frustration with the
implementation of the content of the National Water Act
(1998).

The STA to integrated catchment management views
the interaction between parts of the catchment, including
human activities and population dynamics in such a way
as to avoid problems like optimising one part of the system
at the expense of the whole. Recognition of equity in
handling upstream-downstream impacts pro- motes a
foaminess of collaboration, allowing for individual ideas to
share the burden of the entire system. This assures
excellent stability and adaptability — charac- teristics
lacking in systems which insist on homogeneity and
absolute efficiency. Even as the European Union- Wide
Water Framework Directive enters into public policy;
researchers like Collins et al. (2007) are calling for a
systemic approach to managing multiple perspectives and
stake holding in water catchments.

Upstream - downstream relationships

River basin management is currently based on a narrow
evidence base in which science is used to inform policy
principally through modelling of catchment functioning.
Limitations arise because many issues cannot be
understood or defined from one particular perspective
alone, nor resolved by unilateral action on the part of a
single stakeholder. Even when the importance of context
and multiple perspectives is recognised by policy makers,
they may struggle to develop a more holistic or systemic
view of the interdependency between individual actions
and catchment (Collins et al., 2007). Scientific under-
standing is essential and informative but, where sustain-
able management is the goal; it is most effectively seen as
only part of how stakeholders understand catchments.
This situation is unlikely to change unless more systemic
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Figure 1. Logistic S-curve of sustainable development (Adapted from Chan and Huang,

2004).

approaches to managing multiple stake holding become
more prevalent in policy and practice (Collins et al., 2007).
Sustainable management of water requires integration,
recognising the interconnections between upstream and
downstream systems operating at different levels of scale.
This is an endeavour in which ST could provide useful
tools. Systems oriented models could enhance dialogue
and facilitate work across these scales so as to increase
focus on the ‘whole picture’ (Tippett, 2005).

Recognising the spatial placements of various stake-
holders along waterways and within river basins,
environmental policy principles such as the polluter-pays
principle (PPP) and the precautionary principle are meant
to equitably internalise the pollution externalities for basin
sustainability. Their actual implementation however,
depends on factors like different pollution assimilative
capacities of the environment, different social objectives
and priorities attached to environmental protection and
different degrees of industrialisation and population
density, which justify differing national environmental
policies (Correljé et al., 2007).

The polluter-pays and the user-pays principle are both
related to who should bear the costs of environmental
degradation. According to the PPP, those who cause
pollution should meet the costs to which it gives rise
(Correljé et al., 2007). This is because environmental

risks arising from upstream developmental decisions and
actions impinge on downstream areas that have little or no
influence on those decisions. In order to take account of
downstream interests, the two principles may be
implemented so at to set an economically and socially
acceptable scenario within the basin.

Waterborne effluents as outputs from a range of
activities are disposed onto land and into streams and
oceans via various sewerage and drainage systems. This
tends to present a scenario where an operator is also
responsible for polluting the downstream outlets, com-
promising environmental sustainability principles. Even
where these services are handled by different players like
in the case of South Africa, accountability is greatly
compromised by the power of economics. This approach
is currently running into the law of diminishing returns in
the face of complex environmental challenges as stressed
by various reports regarding the critical pollution problems
for South African water resources, these being
externalities to water treatment processes.

Pretty et al. (2001) cautions that if such externalities are
not internalised, they distort the market by encou- raging
activities that are costly to society even if the private
benefits are substantial. Such is the case when polluted
water is treated for drinking water purposes. The tradition
is to internalise the cost of treatment due to pollution load
by setting the tariff structures, thereby



offsetting the cost of production. This costing model is
structured without any regard to the other factors like the
cost of depleting the water resources itself, a cost which
should ideally be borne by the user of the natural resource.

Application of the sensitivity model (SM) to study area

For South Africa examples of deteriorating ecosystems are
highlighted in DWAF (2003), DWAF (2006) and Winde and
Stoch (2010). The Vaal basin, which is the focus of current
on-going research, is one such example. It is highly
impacted by mining, industrial and domestic waste (Cloot
and Roux, 1997; DWAF, 2007; Gouws and Coetzee, 1997;
Naicker et al., 2003; Pieterse et al., 1987; Stevn and
Toerien, 1976; Winde and Jacobus van der Walt, 2004).

Various ecological problems have ensured over more
than 100 years (Winde and Stoch, 2010), of which the
most acute ones are growing water deficit; pollution of
open and underground water; enormous over-norm water
losses and exacerbation of the problem of quality drinking
water supply to the population (Leendertse et al., 2008).
The report further highlights that addressing these and
other water environmental needs in South Africa has been
quite different where the focus has been strongly on
organisational, institutional and legal aspects and not so
much on implementation. In the meanwhile pollution
continues to be a huge dilemma which calls for workable
solutions, even if those solutions are slow. A ST tool called
the sensitivity model (SM) (Chan and Huang, 2004) was
proposed for implementing a STA in the study area, the
Upper and Middle Vaal water management areas in order
to systematically tackle the huge water pollution problems
currently threatening the Vaal basin. The layout as
adapted from Chan and Huang (2004) is shown in Figure
2. System description to understand the major issues as
well as to identify the key players was done (Dzwairo et al.,
2009) and a variable set esta- blished. Dzwairo and Otieno
(2010) traced some pollution pathways within the study
area that were critical to understanding the impact matrix
(Figure 3) as well as the available data from key
stakeholders, these being DWA and three Water Boards
(utilities that treat water for potable use) falling within the
study area . Implementation of the tool is on-going,
hopefully to be taken up by the regulator and custodian of
water resources in the country.

DISCUSSION AND CONCLUSION

A holistic approach to water management is beneficial for
the environment only if it takes cognizance of environ-
mental concerns. The benefits and implications of an
integrated management system for the environment
cannot be over-emphasized. Several practical examples
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Figure 2. The procedure of sensitivity model (Source: Chan and
Huang, 2004).

from Southern Africa and elsewhere make a strong case
for IWRM to be an effective approach for sustainable
management at river basin level. Operationalising IWRM
is the huge challenge currently.

Stake holding is noted to be essential as the IWRM
process should be driven by local interests and should
address real needs without which IWRM cannot work.
Although the immediate aim is not to be over-formulaic, it
is imperative to align people in the common vision of
IWRM, including sustainable environmental manage-
ment. This requires strong institutional support ifitis to be
successful. The SM as one of many ST tools is envisaged
to be adopted systematically and in phases beyond the
current research in order to fill the gaps which are
impediments to IWRM operationalisation in the Vaal basin.
The model could incorporate a payment mecha- nism for
natural resources through Simulation, reciprocal to
pollution load as a trade-off for upstream-downstream
pollution within a river basin.

It is thus recommended to uptake and incorporate the
STA in IWRM decision making processes, an approach
envisaged to be more participatory and also process-
oriented. Incorporation of socio-economic dynamics is also
recommended, with a suggestion that the bio- physical
relationships like interactions in a basin between water, the
human population and settlements should be analysed to
the extent possible.

ACKNOWLEDGEMENT

The financial assistance of the Department of Science
Technology (DST) is hereby acknowledged. Opinions
expressed and conclusions arrived at, are those of the
authors and are not necessarily to be attributed to the



Vaal Dam
VIRWB

S4

-

< V4

T1

I

V9

7\

L1

]

Vi1

v

%

Vie

7\

< VI7TMWB

Vs3

T&

< V19SWB

VR
Bloemhof
Dam

Figure 3. Layout of Vaal River (VR) monitoring points in relation to
its tributaries (Source: Dzwairo and Otieno, 2010)

DST. The authors would also like to thank Tshwane
University of Technology for hosting and also funding this
research. Rand Water, Midvaal Water and Sedibeng
Water Boards, DWA and the WRC are also acknowledged.

REFERENCES

Biswas AK (2004). Integrated water resources management: A
reassessment. Water Int., 29: 248-256.

Chan SI. Huang SL (2004). A systems approach for the development of
a sustainable community - the application of the sensitivity model (SM).
J. Environ. Manage., 72: 133-147.

Cloot A, Roux GL (1997). Modelling algal blooms in the middle Vaal River:
a site specific approach. Water. Res., 31: 271-279.

Collins K, Blackmore C, Morris D, Watson D (2007). A systemic approach
to managing multiple perspectives and stakeholding in water
catchments: some findings from three UK case studies. Environ. Sci.
Policy., 10: 564-574.

Correljé A, Frangois D, Verbeke T (2007). Integrating water management
and principles of policy: towards an EU framework, J. Cleaner. Prod.,
15: 1499-1506.

Dovers SR, Handmer JW (1992). Uncertainty, sustainability and change.
Global Environ. Change., 2: 262-276.

du Toit D, Pollard S (2008). Updating public participation in IWRM: A
proposal for a focused and structured engagement with Catchment
Management Strategies. Water SA., 34: 707-714.

DWAF (2003). River Health Programme: state-of-rivers report: Free
State. Pretoria, South Africa: Department of Water Affairs and Forestry.

DWAF (2004). National water resources strategy: our blue print for
survival, Pretoria, South Africa: Department of Water Affairs and
Forestry.

DWAF (2006). Vaal river system: large bulk water supply reconciliation
strategy: first stage reconciliation strategy. DMM Development
Consultants, Golder Associates Africa, SRK, WRP Consulting
Engineers and Zitholele Consulting. Pretoria, South Africa:
Department of Water Affairs and Forestry.

DWAF (2007). Integrated water quality management plan for the Vaal
River system. Pretoria, South Africa: Department of Water Affairs and
Forestry.

Dzwairo B, Otieno FAO, Ochieng’ GM (2009). Incorporating Surface Raw
Water Quality into the Cost Chain for Water Services: Vaal Catchment,
South Africa. Paper presented at the 10th WaterNet/WARFSA/GW P-
SA Symposium in association with the International Commission on
Water Resources Systems of the IAHS. IWRM: Environmental
Sustainability, Climate Change and Livelihoods, Imperial Resort Beach
Hotel, Entebbe, Uganda, 28-30 October.

Dzwairo B, Otieno FAO (2010). Integrating quality and cost of surface raw
water: Upper and Middle Vaal Water Management Areas South Africa.
Water Sci. Technol: Water Supply. 10: 201-207.

Funke N, Oelofse SHH, Hattingh J, Ashton PJ, Turton AR (2007). IWRM
in developing countries: Lessons from the Mhlatuze Catchment in
South Africa. Phys. Chem. Earth, Parts A/B/C. 32: 1237-1245.

Gouws K, Coetzee PP (1997). Determination and partitioning of heavy
metals in sediments of the Vaal Dam System by sequential extraction.
Water. SA. 23: 217-226.

Gumbo B (2005). Short-Cutting the Phosphorus Cycle in Urban
Ecosystems. Delft University of Technology, Delft, Netherlands.

Jonker L (2007). Integrated water resources management: The theory-
praxis-nexus, a South African perspective. Phys. Chem. Earth, Parts
A/BIC. 32: 1257-1263.

Leendertse K, Mitchell S, Harlin J (2008). IWRM and the environment: A
view on their interaction and examples where IWRM led to better
environmental management in developing countries. Water. SA. 34:
691-698.

Liu J, Savenije HHG, Xu J (2003). Water as an economic good and water
tariff design: Comparison between IBT-con and IRT-cap. Phys. Chem.
Earth, Parts A/B/C. 28: 209-217.

Messner F, Zwirner O, Karkuschke M (2006). Participation in multi-
criteria decision support for the resolution of a water allocation problem
in the Spree River basin. Land Use Policy., 23: 63-75.

Moore SB, Ausley LW (2004). Systems thinking and green chemistry in
the textile industry: concepts, technologies and benefits, J. Cleaner.
Prod., 12: 585-601.

Naicker K, Cukrowska E, Mccarthy TS (2003). Acid mine drainage arising
from gold mining activity in Johannesburg, South Africa and environs.
Environ. Pollut., 122: 29-40.

Pahl-Wostl C (2007). The implications of complexity for integrated

resources management. Environ. Modell. Softw. 22: 561-569.



Pieterse A, Roos J, Roos K, Pienaar C (1987). Preliminary observations
on cross-channel and vertical heterogeneity in environmental and
algological parameters in the Vaal River at Balkfontein, South Africa.
Water SA. 12: 173-184.

Pretty J, Brett C, Gee D, Rachel H, Mason C, Morison JIL, Raven H,
Rayment M and van der Bijl G (S.a). Policy Challenges and Priorities
for internalising the externalities of modern agriculture. J. Environ.
Plann. Manage., 44: 263-283.

Stevn DJ, Toerien DF (1976). Eutrophication levels of some South African
impoundments. 1V. Vaal dam. Water SA. 2: 53-57.

Tippett J (2005). The value of combining a systems view of sustainability
with a participatory protocol for ecologically informed design in river
basins. Environ. Modell. Softw. 20: 119-139.

United Nations (1987). United Nations development and international
economic co-operation: environment: our common future: the
Brundtland report (No. 25). Oslo.

United Nations (1992). United Nations report of the conference on
environment and development: Annex 1: Rio declaration.

United Nations (2004a). Johannesburg declaration on sustainable
development: from our origins to the future Johannesburg, South
Africa.

United Nations (2004b). United Nations Agenda 21: United Nations
department for economic and social affairs. New York.

United Nations (2007). United Nations convention on the protection and
use of transboundary watercourses: recommendations on payments
for ecosystem services in integrated water resources management and
international lakes. New York.

United Nations (2008). The Millennium Development Goals report. New
York.

Van D, Zaag P (2005). Integrated Water Resources Management:
Relevant concept or irrelevant buzzword? A capacity building and
research agenda for Southern Africa. Phys. Chem. Earth, Parts A/B/C.
30: 867-871.

Water Supply and Sanitation Collaborative Council (WSSCC) (2000).
Summary report of Bellagio expert consultation on environmental
sanitation in the 21st century. EAWAG, SANDEC, WSSC. Switzerland.

Winde F, Jacobus Van Der WI (2004). The significance of groundwater-
stream interactions and fluctuating stream chemistry on waterborne
uranium contamination of streams-a case study from a gold mining site
in South Africa. J. Hydrol., 287: 178-196.

Winde F, Stoch E (2010). Threats and opportunities for post-closure
development in dolomitic gold mining areas of the West Rand and Far
West Rand (South Africa) — a hydraulic view Part 1: Mining legacy and
future threats. Water SA. 36: 69-74.

Young G, Shah B, Kimaite F (2008). Status report on IWRM and water
efficiency plans. Prepared for the 16th session of the Commission on
Sustainable Development - May .



	While definite benefits could be gained from integrating the management of natural and human systems, taking into account the effects of human activities on the environment, the task of operationalising and implementing this approach in practice repre...
	INTRODUCTION
	IWRM and the economic interdependence
	The STA to integrated catchment management
	Integration of disciplines
	Examples of practical application of the STA
	The 4 interrelated challenges
	The importance of participation
	Upstream - downstream relationships
	Application of the sensitivity model (SM) to study area

	DISCUSSION AND CONCLUSION
	ACKNOWLEDGEMENT

