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Abstract

A large amount of datais usually generated during environmental

monitoring programmes. The data need to be transformed into

useful information that can be used for interpretation and analysis of problems. This paper outlines the feasibility of using
geographic information system (Gl S) techniquesintheanalysisof catchment nutrient yieldswith theaim of providing aknowledge

base for effective decision-making. In this case the spatial and tem|

poral distributions of the nutrient yieldsin the catchment were

analysed. | nterpolation with the Gl Spackages (Arc View Version 3.1 and Arc View Spatial Analyst) enabled the estimation of yields

in areas without actual measurement thereof.
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Introduction

The objective of the project on which this paper is based, is to
develop amethodol ogy for managing thewater quality intherural
areas of devel oping semi-arid regions. Thewater quality problems
experienced in these areas are mostly of a diffuse nature and their
control is difficult. The major problemsin the rural areas include
overgrazing, siltation, poor agricultural practices and poor land
management, emanating fromtechnol ogical, economical and socio-
political problemswith numerous stakeholderswho havediffering
goals and perceptions (Fedra, 1984, Ongley, 1998). This paper
follows on an earlier paper (Mtetwa and Schutte, 2002) in which
details of the Muda catchment, farming practices and pollution
loads are given. Here the focus is on the feasibility of using a
geographical information system (GIS) in the analysis of water
quality datato facilitate decision-making.

GI'S can be defined as (ESRI 1996): An organised
collection of computer hardware, software, geographic
data, and personnel designedto efficiently capture, store,
update, manipulate, analyse, and display all forms of
geographically referenced information. GI S technology
integrates common database operations such as query
and statistical analyseswith the unique visualisation and
geographic analysisbenefitsoffered by mapsand spatial
databases. These abilities distinguish GIS from other
information systems and make it a valuable tool for
explaining events, predicting outcomes, and planning
strategies.
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Procedures and analyses

A key parameter required in the development of water quality
management methodol ogies is the nutrient loads emanating from
catchment and subcatchments. These loads form the basis of any
decisions on the management actionsto betaken to preserve water
quality. Nutrient loads were derived from the product of the
nutrient concentrations and their corresponding discharges as
described below.

Water quality
Water quality data are not readily available in developing coun-
tries, and awater quality monitoring programme had to be imple-

mented to obtain the required information. A total of 10 sampling
siteswere established asisshownin Fig. 1. Water quality samples

ACHL Subeaschmenis

Figure 1
Muda River subcatchments and sampling sites
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Figure 2
Sample input points and the output grid theme from the interpolation

were collected from these sites on aweekly basis and analysed for
a number of parameters including nitrate and phosphate. The
nitrates and phosphates were analysed using spectrophotometric
methods. The weekly nutrient concentrations were averaged to
give monthly time steps for the purposes of this study.

ACRU discharge estimation

Flow data are not readily available and had to be generated from
rainfall data using the ACRU runoff model (Schulze, 1995). The
ACRU agro-hydrological modelling system isaphysical concep-
tual model that can be used for various aspects such as water
resource assessment, irrigation water demand and supply evalua-
tion, shallow groundwater modelling and assessments of land-
cover and land management changesonwater resources. Itisbased
on physically measurable or derivable catchment characteristics.
For the purpose of the simulations, the Muda River catchment
was subdivided into three subcatchment areas using land-cover
information obtained from Landsat TM image of 26 April 1998
(Fig.1). Thiswasdonethrough on-screendigitising (using ArcView
Version 3.1) after identifying homogenous land classes from the
image. For each subcatchment information on the catchment ares,
location, altitude, catchment configuration, daily rainfall, mean
monthly evaporation, minimum and maximum temperature, land-
cover, soil texture, soil depth and wind speed were input into the
model so asto derive streamflow dataover aperiod of threeyears.
Most of the input data were obtained from an automatic weather
station at Mahusekwa, a growth point in the study area. The

190 ISSN 0378-4738 = Water SA Vol. 29 No. 2 April 2003

discharge obtained from the simulations represents the discharge
that could be obtained at the end of each subcatchment.

The ACRU model provides a quantitative (i.e. mathematical)
expression of the observation, analysis and prediction of thetime-
variant interactions of these agro-hydrological parameters. The
outputs are then used in the planning, design and management/
operation of agro-hydrologically related systems and structures
(Schulze, 1995). The accuracy of simulation depends on three
factors - accuracy of input data, effectiveness of parameter evalu-
ation, and inherent errorsin the model (Lingley et al., 1986).

Nutrient yield analysis

The major nutrients likely to arise from fertiliser applications in
both thecommunal areasand the small-scalecommercial farmsare
phosphates and nitrates. Suspended solids were also determined
since they arise from the farming activities in these areas and are
reported elsewhere (Mtetwa and Schutte, 2002). Nutrient loads,
obtained by multiplying the nutrient concentration and the corre-
sponding discharge wereinput into the attribute tabl es of the point
map of the sampling sites for analysis.

Spatial analysis was done using the ArcView Spatial Analyst
Extension. The Spatial Analyst presents generic spatial analysis
functionality on grid and feature themes that is added to ArcView
as an extension. Among other functionalities the Spatial Analyst
Extension enables the following operations to be carried out:
establishing distance, assigning proximity, calculating density,
calculating cell statistics, map querying, neighbourhood statistics,
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reclassifying, interpolating grid, deriving slope, computing hill
shading and converting to grid. The ArcView 3.1 and ArcView
Spatial Analyst areto bereplaced by the Arcview 8 series, ArcGIS
Spatial Analyst and ArcGIS Geostatistical Analyst.

The following procedure was used in the interpolation of the
nutrient loads to obtain the spatial distribution:

e A point map of the sampling siteswas created, the attributes of
which constituted all the average nutrient concentrations of
concern, aswell asthe corresponding discharges per thegiven
times.

e The average nutrient concentrations were then multiplied by
the average discharge per the given times to give the nutrient
loads that were used in the interpol ation.

Interpolation

* Activate ArcView Spatial Analyst.

e Click on the point theme to make it active.

e From the surface menu choose Interpolate Grid.

e Specify the output grid extent and the output grid cell size
(and if necessary the number of rows and number of columns)
in the output grid specification dialog, which appears.

e Ontheinterpolation dialog, set the method to splineand the Z-
Value to nutrient load under consideration.

e Click OK (and anew grid theme will be drawn on the view),

e Onthethememenu goto saveas, or convert to grid to save the
new grid theme using an appropriate grid name as, e.g. phos-
phate |oads.

The above was done for both the wet and the dry seasons.

Why the spline option?

Visiting every location in a study area to measure the height,
magnitude, or concentration of a phenomenon is usualy difficult

or expensive. Instead, dispersed sampleinput point locationswere
selected strategically and surface interpolation was used to assign
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an estimated valueto all other locations (ESRI, 1996). Input points
can be either randomly or regularly spaced points containing
height, concentration, or magnitude measurements (Fig. 2).

The Spline interpolator is a general-purpose interpolation
method that fits a minimum-curvature surface through the input
points (ESRI, 1996). It fits a mathematical function to a specified
number of nearest input points, while passing through the sample
points. This method is best for gently varying surfaces such as
elevation, water table heights, or pollution concentrations. It isnot
appropriateif there arelarge changes in the surface within a short
horizontal distance, becauseit can overshoot estimated values. The
Regularised method yiel ds asmooth surface. The Tension method
tunes the stiffness of the surface according to the character of the
modelled phenomenon. The weight parameter defines the weight
of thethird derivativesof the surfacein the curvature minimisation
expression. The number of points per parameter identifies the
number of points per region used for local approximation.

Thegrid data set associated with the output themeiswrittento
the project’s working directory (Fig. 2). Properties in the Theme
menu are used to determinewhich dataset isassociated with which
theme. Properties in the Project menu are used to change the
project’ sworking directory. The grid data set associated with the
output theme istemporary and Save Data Set in the Theme menu
is used to save the data.

Spatial distributions

Spatial distributions of nitrates and phosphates for both the rainy
and dry seasons were computed. The 2000 and 2001 seasons are
used to illustrate the findings, the dry season being from April to
September and the wet season being from October to March:

Nitrate loads spatial distribution
Generaly there is an increase in the nitrate load from the upper
catchment towards the lower catchment areas and the epicentre of

the highest concentrations generally shifts towards the exit of the
catchment in the wet season.
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Phosphate loads spatial distributions

The phosphate loads follow more or less the same pattern as the
nitrate loads.

Theshiftintheepicentreson moving fromthedry seasontothe
wet season isaresult of thefact that most of the market gardening
iscarried out around the middle of the catchment. A further factor
isthat during the dry season the flows are mostly too low to carry
the pollutants downstream.

As expected, phosphate and nitrate loads are lower in the dry
season ranging from 0 to 72.3 kg (nitrates) and O to 38.6 kg
(phosphates) and the rainy season loads range from 0 to 2269.5 kg
(nitrates) and 0 to 182.4 (phosphates). Thisis basically explained
by the pronounced reduced discharge in the dry season and

192 ISSN 0378-4738 = Water SA Vol. 29 No. 2 April 2003

subsequent drying-up of most of the smaller tributaries especially
in the upper catchment.

Conclusion

Water quality hasto beconsidered withinthe spatial context within
whichit occurs. Water quality parametersare generally measured
at specific sampling pointsandrefl ect theinfluenceof theupstream
environment (Cobban and Silberbauer, 1993). In the current study
geographic information systems have been used to present the
mesasured and calculated data in a summarised form from which
trends can be discerned. This can be used in predictive and
anticipatory management decisions, especially where changesin
water quality are linked to changesin land-use activities.
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It is aso important to note that nutrient yields of rivers are
dependent on a complex interaction between soil characteristics
and agricultural practiceswithinthe catchment and with flow rates
of the streams draining the catchment (Zimmer and Bendoricchio,
2001).

Inthe current study, the lower catchment, which mainly com-
prisesthe small-scale commercial farms, ischaracterised by lower
loads than the communal areas in the upper catchment during the
dry season but exhibits high levels in the wet season. Thisis a
reflection of the land-use patterns.

From the spatial analysis potential problem areas can be
identified during the two seasons and appropriate decisions can be
made to minimise pollutant discharges. Catchment rehabilitation
can therefore be focused on areas with high pollutant generation
and periods when pollutant flushes are highest.
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