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Abstract
Knowledge about economic environmental tradeoffs is a prerequisite to evaluate the relative cost-effectiveness of alternative policy instruments to control non-point source pollution (NPS). Failure to explicitly account for the impact of the spatial
combination of alternative management practices on pollution contribution rates while quantifying these tradeoffs may cause
relative comparisons between alternative policy instruments to control NPS pollution inappropriate. The main objective of
this research is to develop a spatial decision support system able to quantify cost-effective economic environmental tradeoffs
of maintaining alternative pollution standards taking the interrelated linkages between various agricultural management
practices into account. The system is used to establish a benchmark tradeoff curve by means of which alternative policy
instruments to control NPS pollution can be compared to determine their relative cost-effectiveness. Tradeoff analyses indicated that the pollution contribution factor plays a cardinal role in determining pollution abatement cost and therefore the
benchmark. The importance of the contribution factor highlights the necessity of taking the interdependencies between
management units into account when modelling economic environmental tradeoffs. Catchment level tradeoffs showed that
the nitrate water quality indicator can be improved with little cost due to both positive and negative tradeoffs at the sub-catchment level. Significant variability exists at the sub-catchment level when nitrate pollution abatement and abatement cost are
concerned. The conclusion is that care should be taken not to compare the relative cost-effectiveness of alternative policy
instruments to control NPS pollution based on catchment level tradeoffs alone.
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Introduction
Past efforts to protect the quality of South Africa’s water
resources were concentrated mainly on the control of effluents
from point sources. Despite these efforts an apparent deterioration in the water quality of the country’s surface waters is being
observed (Pegram et al., 1997), reasons being the fact that in
many catchments there are zones where non-point source (NPS)
contributions are significant or even dominant. Quibell (2000)
argues that a lack of legislative and regulatory authority on the
one hand and poorly defined linkages between implementable
management actions and the processes that lead to NPS pollution on the other hand have hampered the management of NPS
pollution sources in the past.
The National Water Act (Act36 of 1998) for the first time
provides the legislative means to target NPS pollution with specific source-directed measures (Quibell, 2000). No specific differentiation is made between point-source and NPS pollution
in the National Water Act and allows for the development of
source-specific procedures that address both point-source and
NPS pollution from the source. However, it is difficult to design
policy to control agricultural NPS pollution. In part this is due
to the complex relationship between agricultural production
and damages from water pollution involving physical, biological and economic links. How well NPS pollution control policy
performs often depends on how well these links are understood
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(Ribaudo et al., 1999). Economically efficient solutions are usually not achievable because no market for water quality exists
and therefore the benefit function from improving water quality
is rarely available if at all. Tietenberg (2000) cautions the use
of non-market valuation techniques to quantify these benefits
arguing that while these methods may provide estimates that
are good enough to indicate that the benefits from water quality
improvements are large and worth pursuing, it may not be reliable enough to use in choosing an economically efficient level
of pollution. Using the correct benefits is especially important
because pollution abatement costs are high. In the absence of
reliable benefit estimates a method commonly used to provide
information regarding economic environmental tradeoffs is to
conduct cost effectiveness analysis (Tietenberg, 2000). Environmental policies are cost-effective if they achieve some measurable objectives or goals at least cost. Cost-effective outcomes
define actions that would optimally be taken to satisfy NPS
pollution policy goals in an ideal world where the set of policy
instruments is not restricted and there are no transaction costs
associated with implementing optimally designed policies (Ribaudo et al., 1999). Given these conditions cost-effective solutions are rarely attained in practice. As a second-best alternative
the best possible outcome would achieve policy goals at lowest
cost, given the types of instruments that are used and the cost
associated with using them. While second-best alternatives are
optimal in practice, their economic performance in the sense of
being able to achieve a specific goal at least cost is still measured
relative to the ideal of a cost-effective baseline (Ribaudo et al.,
1999). Thus, a cost-effective solution provides a benchmark to
compare the cost-effectiveness of alternative policy instruments
that are used to combat pollution.
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