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Abstract

Historically, the city of Cape Town has been affected by water shortages and it can be assumed that the situation
will be exacerbated in the coming decades by a growing population, economic development and climatic
changes as additional stress factors. In order to defuse the situation, the city of Cape Town has commissioned
various feasibility studies concerning the implementation of alternative water sources, with as yet unpublished
conclusions. Since sustainable water resource planning requires a comprehensive understanding of the water
demand, the objective of this study was to predict the future demand by the city of Cape Town by analysing
its significant drivers. For this purpose, a linear multiple regression analysis was applied on parameters which
influence water demand, namely: population, economy, water losses and water restrictions. In order to establish
the linear multiple regression model and its regression coefficients, historical data was used for the period 2001
to 2012. The result of the regression analysis showed that the water demand of the city of Cape Town is only
decisively influenced by population and water losses. In addition, the model indicated that a new source
would be required by 2021. Thus, water conservation and water supply strategies can be adapted accordingly
to ultimately enable a sustainable management of the water sources in the city of Cape Town.
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INTRODUCTION

Towards the end of the 1990s the city of Cape Town implemented an integrated water resource plan-
ning approach to deal with a threatening scarcity of water. As a result, various water conservation and
water demand initiatives were implemented. In spite of this, the city has been affected by water
shortages and it can be assumed that the situation will be exacerbated in the coming decades by
a growing population, economy and climatic changes (Frame & Killick 2005). In order to defuse
the situation, the city of Cape Town has commissioned various feasibility studies concerning the
implementation of alternative water sources, with as yet unpublished conclusions (CoCT 2013a).
The Western Cape Province is situated along the Atlantic coast and hence has inadequate fresh

water sources. The city of Cape Town is the provincial capital, with an estimated population of 3.7
million. The city has a Mediterranean type of climate with average rainfall ranging between 560 to
1,400 mm. The city’s average winter and summer temperatures are 10 °C and 27 °C respectively
(Tadross & Johnston 2012). The Department of Water Affairs has identified the Western Cape Pro-
vince as the first region in South Africa likely to run out of fresh surface water resources (Otien &
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Ogutu 2005). Currently groundwater and surface waters account for about 2% and 98% respectively,
with network distribution losses of about 14.3%. According to the city of Cape Town water resources
report (2013b), the current water demand is 27% below unconstrained projected water demand,
attributed to water restrictions. Frame & Killick (2005) highlighted that the implementation of
water demand management initiatives significantly reduced the unconstrained water use of the city
of Cape Town. This notion is also supported by the Integrated Water Resource Planning Study com-
missioned by the city of Cape Town in order to respond to the constantly increasing demand for water
due to population growth and poor rainfall in the region. Water demand management started in 2001
and was fully implemented in 2012. In the following years, the strategy was annually monitored and
reviewed.
Water resource augmentation schemes took place with the opening of the Berg River Dam in 2009,

which increased the water supply of the city of Cape Town. Indeed the opening of Berg River Dam
increased the water supply of the city, but the need for further water resource augmentation schemes
was only postponed. Other studies concerning the feasibility of implementing new water sources were
commissioned (CoCT 2013a). However, at this juncture it is not clear whether or when these water
supply schemes should be in place to meet the projected water demand.
Since sustainable water resource planning requires a comprehensive understanding of the water

demand, the objective of this study was to predict the future demand by the city of Cape Town by ana-
lysing its significant drivers. For this purpose, a statistical analysis method was applied, namely a
multiple linear regression analysis.
METHODS

The research method involved the collection of historical data for the period 2002 to 2012 and their
statistical analysis. The data was provided by the city of Cape Town and contained detailed historical
information on water demand since 2002, as well as the current water resources. Based on this data,
the most significant influences on water demand were identified, namely: demography, economic
growth, water losses and restrictions. Figure 1 shows the development of the population, economy,
imposed water restrictions and water losses of the city of Cape Town for the period 2002 to 2012.
Based on these influential variables on water demand, a linear multiple regression model was applied.
A multiple linear regression analysis is a statistical tool that examines the relationship between a

dependent variable (criterion variable) and one or more independent variables (predictor variables).
It relates to the question as to whether any relationship exists and if so, how good is the relationship.
A general multiple regression model is given as (Reinboth 2006):

y ¼ b0 þ b1x1 þ b2x2 þ . . .þ bnxn (1)

where y is the dependent or target variable of the nth observation, x is the independent variable of the
jth observation. The independent variable (x) will fluctuate with y in its unique way. The regression
coefficients (bn) of independent variable are respective changes in y per unit change and are unknown
parameters. The regression constant (b0) is the y intercept when x¼ 0. Taking into consideration the
stated four influences on the water demand, the following specific regression model for the city of
Cape Town which relates water demand with its influences was developed:

y ¼ b0 þ b1x1 þ b2x2 þ b3x3 þ b4x4 (2)

where y is water demand of the city of Cape Town depending on the variables (m³/year), x1 is the
population of the city of Cape Town (capita), x2 describes the water losses (m³/year), x3 is an econ-
omic indicator of the city of Cape Town as GDP per capita (ZAR/capita), x4 describes the amount
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Figure 1 | top left: Population 2002–2012 (CoCT 2011) top right: Economy 2002–2012 (OECD 2008; CoCT 2013d) bottom left:
Water restrictions 2002–2012 (CoCT 2008) bottom right: Water losses 2002–2012 (CoCT 2013d).
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of water restrictions (m³/year), b0 is the regression constant and b1 to b4 are regression coefficients for
x1 to x4 respectively. The regression analysis was conducted for the period 2002 to 2012, which
coincided with the start of the implementation of the water demand strategies.
To identify the most suitable subset of predictors the backward elimination method was applied.

For this purpose, a p-value test was conducted for each regression factor as part of the multiple
regression analysis. The p-value indicates the possibility of mistakenly rejecting a null hypothesis. It
can be between 0 and 1, and is expressed as a percentage. The significance level is described by
αcrit and is normally 5%. The predictor with the highest p-value, which is greater than αcrit, is removed
and the regression analysis is repeated (Farway 2002). This in turn means that if the p-value is less
than 5%, the considered factor is assumed to be significant. The procedure is iterated until all
p-values are smaller than αcrit and the final model is established.
The regression analysis of the model was determined with the EXCEL statistical package.
RESULTS

The final model consists of two independent variables, namely: population growth and water losses.
Three iterations were conducted until all p-values were less than 5%. Economy and water restrictions
were eliminated since they were not satisfying the significance level described by αcrit. The final
regression function established from the regression model (Equation (2)) is given as:

y ¼ 7:923� 107 þ 51:465x1 þ 0:851x2 (3)

The constant b0 describes the water demand if there was no population growth or water loss, which
is idealist since such a scenario will never occur. The water demand due to population growth is
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described by the second term and the last term describes the water losses. It is clearly seen from
Equation (3) that population causes the largest proportion of water demand.
Figure 2 shows the actual water demand and the water demand developed with the regression func-

tion from Equation (3). A close fit was established between the model and the actual water demand
data. The jump of the actual water demand curve in 2003 to 2004 is due to restrictions imposed by the
city of Cape Town.
Figure 2 | Regression curve vs. actual water demand 2002–2012 for the city of Cape Town.
Based on the established final regression function (Equation (3)), the future water demand was
determined, whereby the average population growth rate was 2.7% based on data of previous years
for the city of Cape Town. The future water losses were assumed to stay at the same level of 14%
as recorded in the latest data of 2012 (CoCT 2013a). The city of Cape Town expects the losses to
stay at the same level because further measures to reduce the water losses cannot be realized due
to insufficient funding. A forecast from 2013 to 2029 was considered suitable.
The projected yield of the available sources and projected water demand are shown in Figure 3. The

decrease of the system reflects the estimated influence of climate change on the current resources. In
this regard, the city of Cape Town assumed that the system yield will be reduced by 5% over the next
25 years due to global warming, starting from 2012 (CoCT 2013c). The projected water demand curve
indicates that the water demand increases by 8.12� 106 m3 per year, which is about 2.01%.
Based on Figure 3, a new water source will be required by 2021, as indicated by the point of inter-

section of the two lines. At this point the water demand is equal to the amount of water yielded by the
current water sources. Figure 4 shows the projected water deficit by volume. The estimated water def-
icit of the city of Cape Town from 2022 to 2029 is based on the difference between projected water
Figure 3 | Projected water supply scenario 2013–2029.
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Figure 4 | Projected water deficit 2022–2029.
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demand and projected system yield (see Figure 3). However, this trend can change if the other
assumptions change like population and water losses.
The city of Cape Town also commissioned studies to determine when a new resource is required to

ensure continuity in water supply to the city of Cape Town. Based on the studies of the city of Cape
Town, a new water resource would be required between 2016 and 2025, depending on the success of
the water conservation and water demand strategy (CoCT 2013c). Although the findings of the city of
Cape Town gave a time range when the deficit will occur, overall they tally with the findings of this
research.
Based on this study, new water sources would be required by 2021 to ensure continuity in water

supply of the city of Cape Town in the future. Since water demand of the city of Cape Town is decisi-
vely influenced by population and water losses, water conservation and demand strategies should be
adopted accordingly. In addition, most of the water requirement of the city of Cape Town is contrib-
uted by surface water, which is also under threat due to climate change and unpredictable rainfall
patterns. Therefore, diversification of the water supply sources becomes essential. In this regard desa-
lination of seawater and water reuse are some of the alternative sources that can be explored further.
The Table Mountain and Atlantis aquifers have been identified as the groundwater sources with high
water supply potential and are still under investigation.
DISCUSSION

Before the regression function was applied, its validity was evaluated and the dependent variables that
contributes to the overall model were established. In this regard, a variance analysis (e.g. R, R2, F-test,
residual analysis p-value test) was applied.
In order to verify the quality of the model, the value for multiple correlation (R) of the final

regression model was analyzed. The correlation coefficient is a measure of the strength of the
linear correlation between variables. The value of R was found to be 0.894, which indicates a high
positive correlation between the independent and dependent variables (greater than 0.7). This con-
firms the assumption that a relationship exists between water demand, population, and water losses.
Furthermore, the F-Test, which is another test to clarify the quality and overall significance of the

model based on the null hypothesis, was conducted. The calculated F-value is equal to 15.96 and the
threshold value of F is equal to 4.46 at 5% significance level. The calculated F-value is greater than the
threshold value of F and therefore the model is considered as significant and the null hypothesis is
rejected. The significance of F is the p-value for the F-Test and is equal to 0.002%. Hence the prob-
ability that the null hypothesis is rejected by mistake or erroneously judged to be significant is
0.002%. Since this probability is low, it can be assumed that R2 is interpreted correctly and the
whole model is significant.
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The p-value for the variable x1 is equal to 0.0006 and for the variable x2 it is equal to 0.0487. In both
cases the p-value is less that the critical value (,5%). This indicates that both variables are significant
in describing the target variable and the null hypothesis is rejected. This in turn means that the popu-
lation and water losses can be considered as the most suitable subsets of the determined variables to
describe the water requirement of the city of Cape Town.
The coefficient of determination R² is a measure to describe the quality of the linear approxi-

mation of the regression function with regard to the given data points and indicates the
correlation between the variables. It measure the quality of the linear approximation of the
regression function with regard to given data points. The value of R² of the final regression
model is equal to 0.80 meaning that there is a good linear approximation of the regression function.
This means that 80.0% of the variation in the water demand is explained by the variation in popu-
lation and water loss, which can be assumed as good linear approximation of the model. Since a
small data set has been used for regression analysis, this means that the unexplained deviations
of the data points were relatively small.
In order to establish the effects of removing one variable, the adjusted R2 of the first regression

model was compared with the adjusted R2 of the final regression model. The adjusted R2 of the
first model is equal to 0.851 and the adjusted R² of the final model is equal to 0.800. This shows
that the adjusted R2 is reduced only slightly in the process of backward elimination method. Thus
the removal of two predictors caused only a minor reduction in fit, indicating that the influence of
the removed predictors on the regression model can be considered as negligible. In addition, R2 of
0.800 means that 80.0% of variation in the water requirement is explained by the variation in popu-
lation and water losses.
The removal of the economy as one of the predictor variable could also be explained due to the

water distribution of the city of Cape Town. More than 50% of the water is for household use,
whilst industrial and commercial use accounts for only about 10%. Consequently, private consump-
tion has a significantly higher influence on the water demand development than the economy.
In conclusion, the variance analysis (e.g. R, R2, F-test, residual analysis p-value test) revealed that

the final model as well the remaining independent variables can be considered as significant. Since
the regression model assessed influences on water demand for a period of 10 years only (2002 to
2012), the linear assumptions used for this model cannot be applied to forecast the trends in the
longer-term. Hence the need to further improve the model through continuation of data collection.
CONCLUSIONS AND RECOMMENDATIONS

A linear multiple regression model was developed to predict the water demand trend of the city of
Cape Town for water resources planning purposes. Regression coefficients and constants were estab-
lished from historical data. The regression model assessed influences on water demand for a period of
10 years (2002 to 2012).
The final model consists of two independent variables, which are population growth and water loss.

Economy and water restrictions were eliminated. To verify the quality of the final regression model
the variance analysis (e.g. R, R2, F-test and p-value test) was applied, with the result that the final
model, as well as the remaining independent variables, can be considered as significant. Based on
this study, new water sources would be required by 2021 to ensure continuity in water supply of
the city of Cape Town in the future. Since water demand of the city of Cape Town is decisively influ-
enced by population and water losses, water conservation and demand strategies should be adopted
accordingly.
Water scarcity is already a global risk and it must be assumed that the pressure on water resources

will increase dramatically in the coming decades due to a growing world population, economic
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development and climatic changes as additional stress factor. To ensure a water supply in the future,
the sustainable management of water resource becomes vital. Hence, water demand forecasts based
on statistical analysis methods will play an important role since significant drivers may be identified.
As a result, water conservation and water supply strategies can be adapted accordingly to ultimately
enable a sustainable management of water sources.
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