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The Grootdraai Dam catchment forms part of the Vaal River system, which is deemed 
to be the ‘workhorse’ of South Africa as it is located within the economic heart of the 
country. The status of water quality within the catchment is an important characteristic 
that needs to be investigated extensively due to its importance to the country’s future 
economic growth. Intricate relationships between land cover and specific water quality 
parameters were quantified and unique model equations were formulated to predict 
water quality in the region. Urban and mining developments should be re-evaluated 
due to the accompanied significant hydrological consequences. 
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Introduction 

The quality of the world’s water resources and the accompanied freshwater and coastal 
ecosystems have been negatively affected by primarily anthropogenic factors due to 
increased nutrient loading and, in some cases, pathogens within these affected water 
bodies, to name two. Changes in land cover have consequently led to the loss of 
biodiversity through the modification, fragmentation or loss of habitats, the degradation 
of the soil and water resources, and the overexploitation of endemic or native species 
(Deelstra, Oygarden, Blankenberg, & Eggestad, 2011; Meador & Goldstein, 2003; 
Rothenberger, Burkholder, & Brownie, 2009; Seeboonruang, 2012). Population pres- 
sures and intensified economic activity in sub-basins have altered land-use patterns and 
generated water pollution (Jung, Lee, Hwang, & Jang, 2008; Tong & Chen, 2002; 
Wilson & Weng, 2010). 

The relationship between land use and water quality within different regions or 
catchments has been widely researched across the world (Jung et al., 2008; Wilson & 
Weng, 2010). Extensive research has been completed on the relationships between land 
cover or land-use change and different water quality parameters. Consequently, studies 
have progressed from identifying relationships to predicting water quality in relation to 
land cover change or determining and comparing the accuracy or uncertainty of various 
river water quality modelling techniques such as the partial least squares (PLS) regression 
model (Baker, 2011; Hall, Germain, Tyrrell, & Sampson, 2008; Huang & Klemas, 2012; 
Li, Gu, Lui, Han, & Zhang, 2008). 
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South  Africa is  a  semi-arid country with inefficient management of  water that 
results  in  overall  deterioration  in  its  quality.  This  persists  even  though  water  is 
described as a vital resource in maintaining life and sustaining agriculture, manufac- 
turing,  transportation  and  other  economic  activities  (Ashton  &  Haasbroek,  2002; 
DEAT, 2005; Helmschrot & Flugel, 2002; Kadewa, Moyo, Mumba, & Phiri, 2005; 
King, Maree,  & Muir, 2009; Usali & Ismail, 2010). 

The current and anticipated growth rates of the population and trends in future socio- 
economic development indicate that South Africa’s freshwater resources will be unable to 
sustain the current patterns of water use and discharge. This has consequently led to 
numerous water supply problems across the whole country. At present, multiple water 
management areas are experiencing a water deficit. The natural ecosystems as well as the 
region’s and the country’s freshwater resources are put under immense pressure by various 
sectors and users, which lead to the overall deterioration of water resources (Ashton, 
Hardwick, & Breen, 2008). 

This study has consequently focused upon the quantification of these relationships 
between selected water quality parameters and land cover change with the application of a 
partial least squares (PLS) regression to formulate model equations for the prediction of 
water quality and possibly assist with the development of a presently lacking science– 
policy interface. This study, therefore, puts forward a practical application of these 
formulated model equations for the prediction of water quality within a specific catch- 
ment. It presents the importance of the formulation of the PLS model equations to 
promote informed and accurate decision-making within the water management sector. It 
also presents a practical application of these within a catchment that has been plagued by 
immense land cover change due to mining and urban developments accompanied with 
poor and uninformed decision-making processes. 

 
 

Study area 

The Grootdraai Dam catchment, which is the main focus of this research paper, is 
situated within the Upper Vaal Water Management Area and located at the upper reaches 
of the Vaal River, which is considered to be the main water source for the central 
industrial, mining and metropolitan regions in South Africa (Figure 1). The Grootdraai 
Dam catchment together with the rest of the Vaal River catchment serves six of the nine 
provinces of the country, and is consequently of great importance in terms of the 
environmental, social and economic spheres (Bertasso, 2004; DWAF, 2004). The region 
is presently plagued by numerous applications for prospected mining rights and urban 
sprawl, which may be accompanied by immense degradation of the region’s freshwater 
resources. 

The natural landscape of the Grootdraai Dam catchment has therefore been trans- 
formed and manipulated physically and chemically in order to meet society’s needs. The 
changes of land cover have been accompanied by various impacts on a specific region’s 
hydrological responses and ultimately its water resources. Increasing demands from 
society as well as economic pressures have been accompanied with further land cover 
changes within the region and have recently contributed to water availability and water 
quality problems within the catchment (Attua, Ayamga, & Pabi, 2014; Warburton, 
Schulze, & Jewitt, 2012). 

Research done on the Grootdraai Dam catchment was found to be minimal. Most 
research has  focused  upon  the  identification of  causes  and  consequences  of  water 
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Figure 1.   Location of the Grootdraai Dam catchment within the Vaal River catchment, South Africa. 
 
 

degradation within the catchment with a primary focus upon mining operations as well as 
on other water quality problems such as acid mine drainage (McCarthy, 2011; Van 
Steenderen, Theron, & Hassett, 1987). 

The predominant methodologies implemented by previous research have been a 
combination  of  qualitative  and  quantitative  methods.  Qualitative  methods,  which 
include literature and observations, were aimed at describing the current state of the 
larger Vaal River catchment as well as the development of management plans to be 
implemented by authorities. Quantitative methods included basic descriptive statistics 
aimed at identifying possible pollution sources and areas of concern. This research 
therefore proposed that the interactions between hydrological responses, in terms of 
water quality, and  land use needs to  be  quantified for the  catchment or  region to 
improve upon its water resource planning and management through the application of 
PLS regression analysis and formulated model equations. The formulated PLS regres- 
sion  model  equations  would  therefore enable  the  prediction of  the  selected water 
quality parameters in relation to a change in land cover and can hopefully aid in the 
development of a science–policy interface. 

This research investigated the hydrological responses, in terms of water quality, in 
the case of land cover change within the Grootdraai Dam catchment due to its 
ecological,  social  and  economic  importance,  but  also  for  its  definite  widespread 
negative  cumulative impacts on  the  environment and  human  health.  Relationships 
and unique model equations were established, formulated and applied in a possible 
future land cover change scenario to predict the future water quality of the catchment, 
which has not been completed for the catchment by any previous research. The results 
can ultimately be used to determine what sustainable measures need to be taken in 
terms of land cover change and identify possible policy changes that need to be taken 
to promote a more sustainable Grootdraai Dam catchment and ultimately the larger 
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Vaal River catchment through improving informed decision-making and management 
processes. 

 

 
 

Methods 

The research made use of rainfall, evaporation, water flow and water quality data for the 
period July 2000–June 2012 as well as land cover data for 1994, 2000, 2005 and 2009 to 
establish the hydrological responses in terms of water quality in the case of land cover 
change. 

 

 
 

Rainfall, water flow and evaporation data 

The rainfall data were obtained from the South African Weather Service for the period 
July 2000–June 2012. Daily readings were used to calculate the average for the month. 
The average monthly rainfall figures were obtained for each of the two weather stations. 
Sample stations with long periods of no recorded data were excluded to ensure good- 
quality data and sound results. Water flow, as well as evaporation data, were obtained 
from the Department of Water Affairs (DWA) for July 2000–June 2012. The daily average 
water flow rate (m3/s) was measured at all the river water flow sample stations over this 
period. Monthly water flow and evaporation values were calculated for each of the 
stations. Sample stations with large data inconsistencies, as well as long periods of no 
recorded data, were excluded to ensure good quality and accurate data. 

 

 
 

Water quality data 

Water quality data were obtained from all the available Rand Water (water services 
provider for the Upper Vaal WMA) at sample points situated in the Grootdraai Dam 
catchment for the same period. A total of 12 water-quality sample stations were used and 
provided a complete dataset of water quality data for this research. The locations of these 
are set out in Figure 2. 

The water quality data obtained from these sampling points were measured monthly, 
weekly and, in some cases, daily throughout the year, but at no scheduled time and on no 
fixed day or week. A monthly average was calculated for each of the water quality 
parameters used at each station. 

Sampling stations with inadequate data recordings were excluded. They were 
excluded in the case of the station having recorded fewer than four measurements 
within a year. Some water quality sampling stations were also not included in this 
research due the station having measured fewer than four parameters with fewer than 
four  recorded measurements within  a  year.  The  ‘Four  by  Four’  (4  ×  4)  rule  was 
therefore followed. It ensures that only sampling stations that regularly monitor the 
relevant parameter are included and eliminates stations with only three monitoring 
phases per year. This research was therefore limited to these sampling stations that had 
adequate replication in an attempt to ensure high-quality data and representation within 
the Grootdraai Dam catchment. 

A wide variety of water quality parameters was used in order to obtain a holistic and 
accurate view of a water body’s  water quality in terms of environmental and human 
health. Water quality parameters to be used in this research were selected according to a 
selection process and were selected according to the following rules: 



 5  
 

 

 
 

Figure 2.    All the available Rand Water quality sampling stations used within the Grootdraai Dam 
catchment. 

 

 
● The water quality parameter needs to have available national or regional water 

quality indices or guidelines. 
● The water quality parameter must have been commonly measured and reported by 

Rand Water’s water quality sampling stations within the Grootdraai Dam catchment. 
● The water quality parameter needs to have a representation percentage of a mini- 

mum of 100%, 50% in the case of biological parameters, within the Grootdraai Dam 
catchment. 

● Water quality parameters characterized by the occurrence or measurement of non- 
detectable values needs to be excluded due to the possibility of bias. 

 
This research made use of relevant national and regional water quality standards and 

guidelines. The Vaal Dam in-stream water quality guidelines were predominantly used. 
In the event of a water quality parameter not having a regional standard, the appropriate 
South African national water quality standard was used and indicated accordingly. Water 
quality parameters were therefore excluded on the basis of the availability of interna- 
tional, national and regional guidelines. Subsequently, a total of 14 water quality 
parameters were  identified, according  to  the  described  rules,  for  this  research and 
include the following: 

 
● Physical parameters: pH and electrical conductivity (EC). 
● Chemical parameters: alkalinity, calcium, chloride, sodium, magnesium, nitrate, 

sulphate, ammonia, phosphate and chemical oxygen demand (COD). 
● Biological  parameters:  dissolved  oxygen  (DO)  and  dissolved  organic  carbon 

(DOC). 
 

The relevant national and regional water quality standards and guidelines were applied 
in the establishment of water quality status of the Grootdraai Dam catchment. The colour 
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Table 1.    Applied colour classification of water quality standard. 
 

Water quality standard Colour class 
 

Ideal 

Acceptable 

Tolerable 

Unacceptable 

 

 

 

 
 

 

classification was used according to the relevant water quality standards and catchment 
guidelines, as shown in Table 1. 

 

 
 

Land cover data 

National land cover data were obtained from the Agricultural Research Center (ARC) 
for 1994, 2000, 2005, while land cover data for 2009 were obtained from the South 
African National Biodiversity Institute (SANBI) (ARC, 2005; SANBI, 2009). These 
land cover datasets were developed to establish the land cover for the whole of South 
Africa (no other datasets are available) and were consequently used in order to establish 
land cover changes for the Grootdraai Dam catchment. The land cover data from 1994 
were included in the research to obtain a baseline land cover characteristic for the 
catchment. Land cover data from 2000, 2005 and 2009 were used in the PLS correlation 
and regression analysis. 

The national land cover data used the Standard Land Cover Classification Scheme as 
the reference system to compile a 49-class legend. This full classification scheme is based 
on a hierarchical framework designed to suit the South African environment and incor- 
porates known land cover types, which can be identified in a consistent and repetitive 
manner from high-resolution satellite imagery such as LandSat TM and SPOT 
(Thompson, 1996). 

In their turn, the class definitions ensured that the data were standardized, and that broad 
generic classes were subdivided into more specific user-defined subclasses. The classifica- 
tion used by the land cover data was designed to conform to internationally accepted 
classification standards and conventions to ensure cross-border compatibility and integration 
with existing national and international land cover classification systems and datasets. 

This research made use of the five-class legend used by the 2005 land cover dataset in 
order to describe the land cover. The seven-class legend for the land cover of 1994, 2000 
and 2009 needed to be converted into the five-class legend used for 2005 during data 
analysis in order to obtain uniformity. The five land-cover classes were based on Level I 
and II classes and include the following: 
 

● Urban build-up. 
● Forestry and Plantations. 
● Mining. 
● Cultivated. 
● Other (Natural, Degraded and Water bodies). 

 
The five class-legend land cover was used to establish the land cover change over the 

period and ultimately to determine relationships between water quality and land cover. 
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Note that the ‘other’ land cover class constitutes natural, degraded and water bodies land 
cover classes. ‘Other’ land cover is predominantly constituted of natural land cover 
followed by water bodies and degraded land cover classes. 

Shortcomings were also identified regarding the use of national land cover data 
supplied by ARC and SANBI. These included possible inaccuracies as well as low spatial 
resolution or cell size regarding the 2005 land cover dataset. The accuracy of the land 
cover data could have been decreased due to the project being completed by multiple 
stakeholders. Over- or under-estimations of land cover or the inaccurate identification of 
land cover could therefore have taken place (Burrough, 1990; Thompson, 1996). A logical 
error test was completed through the completion of a sensitivity analysis between the 
datasets to establish whether significant errors were present. A sensitivity test was 
completed by ARC between 1994, 2000 and 2005. Consequently, this research completed 
a sensitivity analysis regarding land cover classes between the 2005 and 2009 datasets. 
Very few errors were however identified through this testing process. Errors were 
corrected when necessary. 

Mixed classes or classification structure is also a recognized limitation of land-use 
data. Mixed classes or classification structure were not a limitation in this study due to 
the use of a hierarchical classification design namely the Standard Land Cover 
Classification Scheme for Remote Sensing Applications in South Africa, as described 
previously  (Lo  &  Yeung,  2002;  Longley,  Goodchild,  Maguire,  &  Rhind,  2005; 
Thompson, 1996). 

 
 

Data analyses 

Temporal analyses and basic descriptive statistical analyses (data summaries) were com- 
pleted on average monthly rainfall, water flow, evaporation and water quality data to 
identify significant variations and possible relationships between all the mentioned vari- 
ables for July 2000–June 2012. Rainfall and evaporation data measured by the weather 
and evaporation sampling stations were correlated with water quality data from water 
quality stations located within close proximity thereof. Water flow data measured by the 
water flow sampling stations were correlated with water quality data measured by the 
water quality sampling stations located at the same location or downstream of the 
applicable water flow sampling station. 

A temporal trend analysis was also completed between water quality and land cover 
for the periods 2000, 2005 and 2009 upon which the PLS model equations are built on. 
The independent variables were therefore the land cover classes and the dependent 
variables, and the selected water quality parameters. A multivariate statistical analysis in 
the form of PLS correlation and regression analysis was completed between the selected 
water quality parameters and the five class-legend land cover for 2000, 2005 and 2009. 
The PLS analysis is a proven effective variance-based structural equation model approach 
recommended for small sample sizes or in the case when the number of explanatory 
variables exceeds the number of observations and a high level of multicollinearity 
(Ibrahim & Wibowo, 2013a; Nasser & Wisenbaker, 2003). The use of PLS is recom- 
mended as it addresses multivariable problems such as the ill-effect of multiplex between 
variables (Ibrahim & Wibowo, 2013a, 2013b; Lou, Zhao, Chen, & Zhao, 2009; Singh, 
Jakubowski, Chidister, & Townsend, 2013). 

The application of the PLS analysis enabled the prediction of water quality accord- 
ing to land cover changes with the development of a PLS regression model and 
associated algorithm. PLS regression models therefore facilitated the establishment of 
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unique equations for each water quality parameter at each water quality sampling 
station. 

Average concentrations were calculated for each selected water quality parameter 
in terms of the period over which the land cover dataset was established. The average 
annual concentration levels of the water parameters of the studied region were there- 
fore calculated for 2000, 2005 and 2009 (includes full seasonal year, i.e., July 2000/ 
2004/2008–June 2001/2005/2009), and paired with the land cover class percentages 
for those same time periods. This was  completed for each water quality sampling 
station. 

A PLS correlation and regression analysis was completed between the percentage of 
each specific land cover class and the calculated concentration level of each of the 
selected water quality parameters at each water quality station for 2000, 2005 and 2009 
to establish the respective relationships between the land cover classes and the selected 
water quality parameters. 

An overall average was calculated with the use of all the water quality sampling 
stations for each of the identified water quality parameters, for 2000, 2005 and 2009 
to coincide with land cover data, to obtain a generalized water quality status as well as 
to formulate a generalized model equation for the Grootdraai Dam catchment as a 
whole. PLS regression model equations were established to quantify the overall 
hydrological responses for each selected water quality parameter to land cover change 
and to predict the concentration levels of these parameters in the event of such change. 
The root mean square error (RMSE), which is a standard statistical metric to measure 
model performance in some geoscience studies such as air quality and other geos- 
ciences, was used in this research to indicate the average model performance for each 
model equation as it assists in providing a holistic view of the error distribution (Chai 
& Draxler, 2014). 

These model equations are consequently used to predict the specific concentration of 
all the identified water quality parameters according to the percentage land cover in the 
Grootdraai Dam catchment. A simulation was completed to quantify and predict concen- 
trations of the selected water quality parameters in accordance with a possible land cover 
change scenario for 2015, 2020, 2030 and 2050. 

It should be noted that these formulated model equations were based on only three 
periods (2000, 2005 and 2009) due to limited datasets. Furthermore, there could also 
be  instances of  multicollinearity in  these  model  equations due  to  high  correlation 
amongst the explanatory values themselves. These are therefore identified shortcom- 
ings that can be improved upon in future research with the completion of the 2014 
land cover dataset which will enable the validation of these formulated model equa- 
tions. Note that the adjusted R2  value and the RMSE value needs to be taken into 
account for each individual model equation as the accuracy of these models vary and 
is not uniform. 

 
 

Results and discussion 

The water quality of the Grootdraai Dam catchment is of concern in light of the tolerable 
and unacceptable water quality standards. The quality of the water in this catchment has 
been degraded and its standard is of concern due to some of the water quality parameters 
proving to be either tolerable or unacceptable in terms of the Vaal Dam in-stream water 
quality guidelines. 
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Table 2.    Average monthly concentrations of the selected water quality para- 
meters in the Grootdraai Dam catchment in terms of the Vaal Dam in-stream 
water quality guidelines and standards. 

 
Water quality parameter                                                              Grootdraai Dam 

 

pH (pH units) 

EC (mS/m) 

Alkalinity (CaCO3 mg/l) 

Calcium (mg/l)a
 

Chloride (mg/l) 

Sodium (mg/l)a 

Magnesium (mg/l)a 

Nitrate (mg/l) 

7.90 

42.66 

136.56 

26.18 

23.89 

25.91 

16.87 

0.79 

Sulphate (mg/l) 39.07 

Ammonia (mg/l) 1.63 

Phosphate (mg/l) 0.88 

COD (mg/l) 29.40 

DO (mg/l)b 5.31 

DOC (mg C/l)a 8.77 
 

Notes: aAccording to national domestic-use water quality guidelines. 
bAccording to national aquatic ecosystems water quality guidelines. 

 
Water quality 

The Grootdraai Dam catchment is characterized by tolerable standards of EC and DO as 
well as unacceptable standards of alkalinity, ammonia, phosphate and COD, as indicated 
in Table 2. 

The water quality of the Grootdraai Dam catchment varies significantly across the 
region. On account of its very poor water quality across the range of some of the selected 
water quality parameters, this catchment poses significant challenges, with the hydrolo- 
gical conditions here generally being considered to be a matter of concern. The main areas 
of concern proved to be those regions located in close proximity to or downstream of 
urban built up areas (includes industrial areas), mining as well as cultivated land cover. 
These areas should therefore be seen as areas of major concern and should consequently 
be monitored closely for future changes to ensure that the quality of the water in this 
catchment would not be degraded even further. 

 

 
Land cover 

Firstly, rainfall, evaporation and water flow data were included in the research as these 
variables may have an influence on water quality. A Pearson correlation as well as a PLS 
correlation analysis were completed between these variables to determine the significance 
of their effects on water quality. The research found that the effects of rainfall, evaporation 
and water flow are not significant over the time period (p < 0.05; n = 132). The research 
subsequently concluded that land cover will have the most predominant and significant 
impact on water quality as it is the main determinant regarding the type and significance 
of the relationships and is consequently the main focus. 
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Figure 3.   Land cover within the Grootdraai Dam catchment, 2009. 
 
 

As indicated in Figure 3, the Grootdraai Dam catchment is dominated by cultivated land. 
This land cover class constituted 82.97% of the total land cover in 2009. This was followed 
by the ‘other’ land cover category, which constituted 16.06% (10.49% of which was natural 
and 2.67% of which consisted of water bodies), mining land, which constituted 0.45%, 
and forests and plantations, which constituted less than 0.001% of the total land cover. 

As shown in Figure 4, the catchment has undergone various land cover changes since 
1994 and illustrates the catchment’s dynamic nature. There was an upward trend in the 
urban built-up land cover class from 1994 to 2000, which has subsequently experienced a 
decline that may be due to the region having focused upon agricultural activities. The 
forestry and plantations land cover class has declined to such an extent that it no longer 
features in the catchment. In terms of mining, the catchment has generally experienced 
consistent growth, but also a decline. These trends will change in future, however, owing 
to the numerous prospected mining operations planned for this catchment. The cultivated 
and the ‘other’ land cover category experienced upward as well as downward trends. It 
should be noted that the immense decrease and increase of certain land cover classes such 
as cultivated and ‘other’ land cover from 2005 to 2009 were flagged as outliers and these 
values were adjusted accordingly to ensure accuracy within the analysis. 

 

 
Quantifying hydrological change 

It was established that the catchment is experiencing tolerable to unacceptable concentra- 
tion levels of EC, COD, alkalinity, ammonia and phosphate. The recent temporal trends in 
the water quality within the catchment have shown an increase from 2009 in the 
concentration levels of EC, alkalinity, calcium, nitrate, sulphate and ammonia. The main 
possible agents for the raised concentrations of these water quality parameters were 
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Figure 4.   Land cover trends within the Grootdraai Dam catchment, 1994–2009. 
 

 

determined by establishing the relationships between the relevant variables, as indicated in 
Table 3. Values highlighted in bold are different from zero with a significance level 
alpha = 0.05, n = 3. 

The very few significant relationships were found between water quality and land 
cover   change  within  the   Grootdraai  Dam   catchment.  Negative  relationships  of 

 

 
Table 3.    Partial least squares (PLS) correlation matrix obtained between land cover classes and the 
selected water quality parameters for the Grootdraai Dam catchment. 

 
Variables Urban built-up   Forestry and Plantations   Mining   Cultivation Other 

 
Urban built-up 1.000 0.975 0.895 0.360 −0.480 
Forestry and Plantations 0.975 1.000 0.971 0.557 −0.662 
Mining 0.895 0.971 1.000 0.739 −0.822 
Cultivation 0.360 0.557 0.739 1.000 −0.991 
Other −0.480 −0.662 −0.822 −0.991 1.000 
Ph 0.968 0.888 0.753 0.113 −0.244 
EC −0.396 −0.183 0.056 0.715 −0.616 
Alkalinity −0.815 −0.667 −0.470 0.247 −0.117 
Calcium −0.998 −0.986 −0.919 −0.413 0.530 
Chloride 0.979 1.000 0.967 0.544 −0.650 
Sodium 0.983 0.918 0.797 0.181 −0.310 
Magnesium −0.964 −0.999 −0.981 −0.594 0.695 
Nitrate 0.711 0.849 0.950 0.912 −0.958 
Sulphate −0.568 −0.373 −0.140 0.564 −0.449 
Ammonia −0.629 −0.443 −0.216 0.499 −0.379 
Phosphate 0.984 0.922 0.802 0.190 −0.319 
COD 1.000 0.980 0.905 0.381 −0.500 
DO 0.944 0.994 0.992 0.647 −0.742 
DOC 0.714 0.542 0.326 −0.397 0.271 
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significance were found between calcium and urban built-up, as well as magnesium and 
forestry and plantations. Positive relationships of significance were established between 
COD and urban built-up, as well as between DO and forestry and plantations. 

This research did however establish that an increase in the extent of the ‘other’ land 
cover category – issuing from the transformation of cultivated, urban built-up, as well as 
mining land cover classes – was found to be accompanied by undesirable and, in some 
cases, insidious effects. Furthermore, it was found that the buffering properties of the 
catchment tend to decline in tandem with the constant transformations (and re-transforma- 
tions) that the land cover undergoes, especially in the case of the ‘other’ category. As a 
result, an increase in the extent of the ‘other’ land cover category within the catchment is 
expected to contribute to further degradation in the quality of the water in the catchment 
and needs to be highlighted. 

The Grootdraai Dam catchment is currently showing a declining degree of resilience 
towards land cover change. Driving forces such as economic pressure, together with the 
further transformation of the ‘other’ land cover category into mining and urban built-up 
land cover, undesirable negative effects would be brought to bear on the surrounding 
water bodies. 

Thus, the proclamation of numerous mining developments within the catchment is 
worthy of careful attention. In the event of the closure of a mine, it is of prime importance 
that the correct decommissioning measures be enforced to limit future challenges regard- 
ing the quality of the water within the catchment. 

Model equations were established for each water quality parameter within this drai- 
nage region in terms of the land cover class proportions (percentages), as given in Table 4. 
These equations could be used, in association with the current trends in land cover change 
and in management practices, to predict the future concentration levels of these water 
quality parameters. 

Predictions could therefore be made with a good amount of certainty and accuracy on 
future pH, calcium, chloride, magnesium, nitrate, ammonia, phosphate, COD and DO 
concentration levels within the Grootdraai Dam catchment due to the high adjusted R2 

values, indicating strong correlations between variables, and low RMSE values indicating 
low standard errors in these models. Model equations with a high adjusted R2 value and a 
low RMSE value can therefore be used as a guideline when trying to predict changes in 
water quality due to land cover change and can also be incorporated in the development of 
a science–policy interface. 

 
 

Future  of the Grootdraai Dam catchment 

The Grootdraai Dam catchment is experiencing an increase in the extent of its ‘other’ land 
cover category. This might develop into a situation that would be the direct opposite of the 
current conditions in the region – on account of the seemingly periodic nature of the 
relationship between the ‘other’ land cover category and the cultivated land cover class. 
As a result of future economic growth and development pressures, and of the approval 
granted by the numerous prospected mines, this catchment could experience an increase in 
urban built-up land, mining as well as cultivated land cover. 

The following scenario was developed in terms of these assumed economic develop- 
mental trends and with the approval of the prospected mines in the catchment. It assumes 
a constant increase of 1% per year in the areal extent of the urban built-up land cover 
class, as well as in mining land cover. Table 5 presents the results for this scenario, which 
were obtained with the application of the model equations as given in Table 4. 
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Table 4.    Model equations and the respective adjusted R2 values and root mean square error (RMSE) values for each of the selected water quality parameters 
related to each land cover class for the Grootdraai Dam catchment. 

 
Water quality 
parameter Model equation R2 RMSE 

 

pH pH = 10.62 – 02 × Urban built-up + 9.75 – 02 × Forestry and Plantations + 0.22 × Mining + 1.28 – 03 × Cultivation – 
1.57 – 03 × Other 

EC EC = 48.27 – 03 × Urban built-up + 1.86 – 02 × Forestry and Plantations + 4.18 – 02 × Mining + 2.44 – 04 × 
Cultivation – 2.99 – 04 × Other 

Alkalinity Alkalinity = 140.99 – 0.55 × Urban built-up – 1.76 × Forestry and Plantations – 3.95 × Mining – 2.31 – 02 × 
Cultivation + 2.82 – 02 × Other 

Calcium Calcium = 28.41 – 0.27 × Urban built-up – 0.86 × Forestry and Plantations – 1.93 × Mining – 1.13 – 02 × Cultivation 
+ 1.38 – 02 × Other 

Chloride Chloride = 21.05 + 0.29 × Urban built-up + 0.93 × Forestry and Plantations + 2.10 × Mining + 1.23 – 02 × 
Cultivation – 1.50 – 02 × Other 

Sodium Sodium = 23.92 + 0.26 × Urban built-up + 0.84 × Forestry and Plantations + 1.89 × Mining + 1.10 – 02 × Cultivation 
– 1.35 – 02 × Other 

Magnesium Magnesium = 17.70 – 0.11 × Urban built-up – 0.34 × Forestry and Plantations – 0.76 × Mining – 4.46 – 03 × 
Cultivation + 5.45 – 03 × Other 

Nitrate Nitrate = 3.03 – 02 × Urban built-up + 7.86 – 02 × Forestry and Plantations + 0.18 × Mining + 1.03 – 03 × 
Cultivation – 1.26 – 03 × Other 

Sulphate Sulphate = 40.98 – 0.146 × Urban built-up – 0.47 × Forestry and Plantations – 1.06 × Mining – 6.17 – 03 × 
Cultivation + 7.54 – 03 × Other 

Ammonia Ammonia = −0.34 – 02 × Urban built-up – 7.99 – 02 × Forestry and Plantations – 0.18 × Mining – 1.05 – 03 × 
Cultivation + 1.28 – 03 × Other 

Phosphate Phosphate = 3.39 – 02 × Urban built-up + 8.62 – 02 × Forestry and Plantations + 0.19 × Mining + 1.13 – 03 × 
Cultivation – 1.38 – 03 × Other 

COD COD = 28.04 + 0.20 × Urban built-up + 0.66 × Forestry and Plantations + 1.47 × Mining + 8.60 – 03 × Cultivation – 
0.01 × Other 

DO DO = 13.83 – 03 × Urban built-up + 0.03 × Forestry and Plantations + 6.21 – 02 × Mining + 3.63 – 04 × Cultivation 
– 4.43 – 04 × Other 

DOC DOC = 8.81 + 4.66 – 03 × Urban built-up + 1.50 – 02 × Forestry and Plantations + 3.37 – 02 × Mining + 1.97 – 04 × 
Cultivation – 2.41 – 04 × Other 

0.61 0.099 
 
0.00 1.000 
 
0.26 1.000 
 
0.87 0.415 
 
0.96 0.258 
 
0.68 0.740 
 
0.98 0.067 
 
0.88 0.038 
 
0.03 1.000 
 
0.07 0.382 
 
0.68 0.075 
 
0.85 0.350 
 
0.99 0.003 
 
0.13 0.049 
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pH (pH units) 7.82 7.99 8.41 9.16 0.61 0.099 

0.00 1.000 

0.26 1.000 

0.87 0.415 

0.96 0.258 

EC (mS/m) 

Alkalinity (CaCO3 mg/l) 

44.99 48.55 62.45 72.29 

145.55 153.21 171.35 204.24 

Calcium (mg/l)c 31.70 

Chloride (mg/l) 21.63 

32.65 34.90 38.97 

26.09 36.66 55.84 

Water quality parameter 2015 2020 2030 2050

 
Table 5.    Predictions of water quality parameter concentrations in the event of a 1%/year increase 
in urban built-up land cover within the Grootdraai Dam catchment showing water quality colour 
classification indicators in terms of the Vaal Dam in-stream water quality guidelines. 

 

(a) Prediction of land cover (%)  

Land cover class 2015 2020 2030 2050 

Urban built-up 1.53 6.53 16.53 36.53 
Forestry and Plantations 0.00 0.00 0.00 0.00 
Mining 0.50 1.06 2.17 4.40 
Cultivation 79.97 71.91 74.00 56.40 
Other 18.00 20.50 7.30 2.67 

 
(b) Prediction of concentration levels of water quality parameters  

 
R2 RMSE 

 
 
 
 
 
 
 

Sodium (mg/l)c
 26.33 29.57 37.23 51.14 0.68 

 

0.740 

Magnesium (mg/l)c
 17.57 20.23 26.51 37.90 0.98 0.067 

Nitrate (mg/l) 1.07 0.85 0.32 0.00 0.88 0.038 

Sulphate (mg/l) 42.51 50.71 70.12 105.33 0.03 1.000 

Ammonia (mg/l) 0.29 0.21 0.00 0.00 0.07 0.382 

Phosphate (mg/l) 0.62 0.52 0.30 0.00 0.68 0.075 

COD (mg/l) 24.46 24.87 25.85 27.62 0.85 0.350 

DO (mg/l)d
 5.83 5.36 4.26 2.25 0.99 0.003 

DOC (mg C/l)c
 10.50 10.02 8.89 6.83 0.13 0.049 

Notes: cIn terms of the national water quality guidelines for domestic use. 
dIn terms of the International European Union water quality standards. 

 

 
 

From Table 5, we can conclude that the water in the Grootdraai Dam catchment will 
become more alkaline should there be a gradual increase in the extent of urban built-up 
and mining land cover according to the predicted pH values. Furthermore, owing to an 
increase in mining operations, the catchment is also expected to experience an increase in 
its sulphate concentrations, which will reach tolerable standards in 2020. Certain water 
quality parameters such as nitrate, ammonia, phosphate, as well as DOC, are expected to 
decline in tandem with these developments. The complete transformation of the ‘other’ 
land cover class into urban built-up, mining, as well as cultivated land cover, would cause 
the catchment to record unacceptably high concentration levels of pH, EC, alkalinity, 
sulphate and DO, but also tolerable standards of chloride. In turn, these would lead to 
various environmental impacts and might cause economic growth and development to 
occur at a  slower pace in future. The factors behind such a  scenario would be the 
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inhibition of certain industrial, mining and agricultural activities on account of scaling and 
the high alkalinity levels of the water, thereby precluding its use. 

 
 

Conclusions 

South Africa has limited natural water resources and is water stressed. The Vaal River 
catchment is part of the Vaal River system, which is deemed to be the ‘workhorse’ of 
South Africa as it is located within the economic heart of the country. The Grootdraai 
Dam catchment located within this Vaal River system helps supply water resources to all 
the major economic activities within the economic hub of the country and is fully 
exploited in terms of its water availability. The status of water quality within the catch- 
ment is therefore an important characteristic that needs to be investigated and monitored 
extensively due to its prime importance for the economic growth of the country. The 
degradation of the region’s water quality will consequently decrease the availability of 
water in the catchment and have widespread environmental, social, as well as economic 
consequences and impacts. 

Some relationships of varying significance were found between land cover change and 
the identified significant water quality parameters and it supports previous findings which 
illustrate that a change in land cover will be associated with hydrological responses but it 
affects water quality parameters at varying degrees and with different reactions. The 
hydrological changes associated with a specific water quality parameter will be dependent 
on the physical characteristics of the catchment as well as on the type of land cover and 
land use in terms of land use. These characteristics will in turn determine the type of 
hydrological response in terms of positive or negative relationships, the significance of the 
relationships and, lastly, which significant water quality parameters will change the most. 

The establishment of these relationships has enabled the quantification of water 
quality change in the event of an increase or decrease of specific land cover classes. 
The future water quality conditions can therefore be predicted with the use of the 
formulated PLS model equations according to land cover change. 

The future water quality of the Grootdraai Dam catchment and the Vaal River 
catchment as a whole will be affected significantly with the approval of the numerous 
prospected mines and the accompanied urban built-up areas within the catchment. This 
research therefore concludes that even the gradual increase of these land cover classes will 
have significant negative effects on the catchment’s water quality and should be carefully 
considered or managed. In the event of the approval of these prospected mines, the 
catchment will experience tolerable to unacceptable standards of EC, alkalinity, nitrate, 
sulphate, phosphate COD and DO within the next couple of years. The tolerable and 
unacceptable concentrations of these water quality parameters will have widespread 
effects in terms of the environment and may inhibit future economic growth due to the 
water being of an unusable nature. 

In the event of a rapid increase of mining land cover, which will be associated with the 
approval of the prospected mines, it will have even more significant and disastrous effects 
on the region’s environment and economic spheres. It is therefore of prime importance that 
these developments be carefully considered if the region is to avert a water predicament. 

The water quality of the Grootdraai Dam catchment as well as the Vaal River 
catchment as a whole can therefore be improved upon. The implementation of regular 
monitoring, creation of water-quality and land-cover databases, which in turn will pro- 
mote and facilitate improved water management practices, informed decision-making 
processes as well as cost-effective measures can as a result promote the sustainability of 
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the Vaal River catchment as a whole. To avert a predicament in the not too distant future, 
the approval of the prospected mines, especially in the Grootdraai Dam catchment, needs 
to be reconsidered and re-evaluated as these developments will have significant and 
detrimental environmental, social and economic effects on the region as well as on the 
country. The development of a science–policy interface will also assist greatly by promot- 
ing informed decision-making and can aid in the aversion of a water predicament. 
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