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The effects of climate change on water resources could be numerous and widespread, affecting water
quality and water security across the globe. Variations in rainfall erosivity and temporal patterns, along with
changes in biomass and land use, are some of the impacts climate change is projected to have on soil erosion.
Sedimentation of watercourses and reservoirs, especially in water-stressed regions such as sub-Saharan Africa,
may hamper climate change resilience. Modelling sediment yield under various climate change scenarios is
vital to develop mitigation strategies which offset the negative effects of erosion and ensure infrastructure
remains sustainable under future climate change. This study investigated the relative change in sediment
yield with projected climate change using the Soil and Water Assessment Tool (SWAT) for a rural catchment
in South Africa for the period 2015–2100. Data from six downscaled Coupled Global Climate Models (CGCM)
were divided into three shorter time periods, namely, 2015–2034, 2045–2064 and 2081–2100. Results were
then compared with a control scenario using observed data for the period 2002–2017. The results show that, if
left unmanaged, climate change will likely lead to greater sediment yield, of up to 10% more per annum. Peak
sediment yield will also increase almost three-fold throughout the century. The study shows that projected
climate change will have multiple negative effects on soil erosion and emphasised the need for changes in
climate to be considered when embarking on water resource developments.

INTRODUCTION
South Africa has scarce water resources and already exploits approximately 98% of its available
water supply (Hedden and Cilliers 2014). Climate change and population growth are placing
further demands on the available water resources (Florke, et al., 2018; Le Roux, 2018; Rawlins,
2019). This makes the construction and management of water resource infrastructure paramount
for economic and social development (SIWI, 2005; DWS, n.d.). South Africa, in particular, has
stressed the importance of water infrastructure to reduce climate vulnerability through reports such
as the National Adaptation Strategy (NAS) and the Long-Term Adaptation Scenario (LTAS) for
Water (DEA, 2013; 2016; DWS, n.d.). The recent 2015–2018 Cape Town drought is a stark warning,
however, of the effects of changing climate on water resources, with anthropogenic climate change
having tripled the likelihood of such a drought occurring (Otto et al., 2018).
Concerns over water security and climate change tend to focus on water availability and the
hydrological cycle and fewer studies are concerned with the effects of climate change on water quality,
particularly from a sedimentation perspective. Potential impacts of climate change on water security
include decreased quality and quantity of available water and increased inter-annual variability
(Kusangaya et al., 2014; Seneviratne et al., 2012; Tabari, 2020); increase in drought intensity and
return period (Davis-Reddy and Vincent, 2017; Tabari, 2020); and increased evapotranspiration (Wu
et al., 2009). Yet, climate change is also projected to affect runoff and erosion rates (Nearing et al., 2004,
Mullan et al., 2012, Mullan 2013; Simonneaux et al., 2015). Direct impacts of climate change on soil
erosion include variations in rainfall erosivity, temporal changes in rainfall, changes in soil moisture
content, and changes in wind erosion (Mullan et al., 2012). Indirectly, changes in temperature, solar
radiation and atmospheric CO2 concentrations will impact plant biomass production, infiltration
rates, soil moisture, land use and crop management, which in turn will affect runoff and soil erosion
(Nearing et al., 2004).
In 2014 the South African Department of Water and Sanitation put forward proposals for a dam on
the Tsitsa River, a tributary of the Mzimvubu River (Fig. 1), as a potential site for a water resource
development (DWS, 2014). The Mzimvubu River remains South Africa’s largest river without a dam
(Le Roux et al., 2015; Le Roux, 2018; Pretorius, 2017). It is envisioned that a dam will spark economic
growth while also helping to secure current and future water resources (DWS, 2014). Earlier studies
conducted in the Tsitsa and larger Mzimvubu show that both catchments are prone to extensive and
severe soil erosion, particularly gully erosion (Van Tol et al., 2014; Le Roux, 2018; Pretorius, 2017).
This will have serious detrimental effects on the lifespan and productivity of any water resource
developments (Godwin, et al., 2011; Alemaw, et al., 2013). The potential for increased sediment yield,
and consequently increased siltation, poses several threats to water resource developments, including
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reduced reservoir storage capacity, and increased pressure on the
dam wall, and may affect flood attenuation (Mama and Okafor,
2011; Schellenberg et al., 2017).
Dams are envisioned to last several decades, and with projected
climate change it is becoming increasingly important to
understand the effects that the changing climate will have on the
future soil erosion scenarios in priority catchments. Although
several studies have been conducted on the effects of climate
change on soil erosion across the globe, there is a noticeable
lack of such research in the developing regions of sub-Saharan
Africa (Msadala et al., 2010; Manase, 2010; Kusangaya et al.,
2014). Hydrological modelling with the use of the Soil and
Water Assessment Tool (SWAT) has been successfully applied
to many regions in Africa (see, for example, Ndomba and Van
Griensven (2011) and Chaplot (2014)). Several studies have used
SWAT for climate change and hydrology analysis in Africa, for
example, Setegn et al. (2011) used SWAT to determine climate
change effects on the hydrology of Lake Tana, Ethiopia, and Van
Griensven et al. (2012) reviewed climate models and uncertainty
in the Nile Basin. Overall, research on the effects on climate
change and sedimentation in Africa remains limited, particularly
given the variability of soils, climates, and land use across Africa.
SWAT has the potential to model many of the direct and indirect
impacts of climate change on catchments, such as changes in
rainfall, vegetation cover, soil moisture, land management and
land abandonment. Furthermore, SWAT is routinely coupled
with geographical information systems (GIS), which offer
unprecedented flexibility in the representation and organisation
of spatial data (Le Roux et al., 2013).
Considering this catchment has been earmarked for potential
water resource developments, our study set out to conduct a
preliminary investigation into the potential effects of climate
change on soil erosion. The aim is to model the effects of the
sediment yield contribution from sheet-rill erosion under
projected climate change using the hydrological model SWAT,
which was met through the following objectives: (i) to model the
sediment yield and rainfall erosivity in the upper Tsitsa catchment
using a 15-year control period from observed data (2002–2017),
and (ii) to determine the sediment yield and rainfall erosivity in
the upper Tsitsa Catchment using projected climate data for the
period 2015–2100, broken down into three time periods, namely,

2015–2034 (short-term), 2045–2064 (mid-term) and 2081–2100
(long-term). Since SWAT does not account for gullies and gully
erosion is prevalent in the catchment it is acknowledged that
erosion rates will be underestimated by this approach.

STUDY AREA
Our study site is the upper Tsitsa catchment (approximately 2 000
km2) which is situated in the Eastern Cape Province of South Africa
(Fig. 1). The Tsitsa River, which drains the upper Tsitsa catchment,
rises on the Drakensberg Escarpment (max elevation 2 700 m asl)
and falls to an elevation of roughly 900 m asl at its confluence with
the Gqukunqa River near the village of Siqungqweni (Fig. 1). The
catchment lies in the summer rainfall region (September–April)
receiving approximately 850 mm of rainfall per annum (AgroMeteorology Staff, 1984–2020). Temperatures are warm, with
daily mean summer temperatures of 12°C to 26°C and daily mean
winter temperatures of 4°C to 18°C.
Land cover in the catchment is classified as being predominantly
natural vegetation (72%), which is composed of grassland (90%),
thicket (6.9%), forest (3%) and shrubland (0.1%) (DEA, 2015).
Cultivated commercial and subsistence agriculture make up
15% of the catchment; however, livestock grazing also occurs
extensively in the grassland areas. Plantations, towns, forests,
and water bodies make up the remaining 13% of land use in the
catchment (DEA, 2015; Le Roux et al., 2015). Commercial farms in
the region are mainly cattle for dairy and meat. The lower reaches
of the upper Tsitsa Catchment fall within the former Transkei
homeland and, although the homelands policy was abolished in
1994, it remains one of the poorest and least developed regions
of South Africa, with the majority of the population relying
on subsistence farming and social grants for their livelihood
(Pretorius, 2017).
Soils have been described as highly erosive and dispersive; these
properties are caused by the presence of duplex soils (Van Tol et
al., 2014; Le Roux, 2018). The majority of the soils are of a clayey
or loamy or a clayey loam texture with some sandy loam and
sandy clay texture (Le Roux et al., 2015). Soil depths range from
10 cm to 200 cm, with the shallowest soils (<30 cm) occurring
on the rocky and steeply sloped areas. Deeper soils (>50 cm) are
mainly located on flatter terrain found on the lower foot slopes
and valley bottoms (Le Roux et al., 2015; Pretorius, 2017).

Figure 1. Map of the upper Tsitsa catchment showing the landcover classifications as well as the boundary of the former homeland
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MATERIALS AND METHODS
Effects of climate change on soil erosion and sedimentation in the
catchment were assessed using changes in rainfall (both observed
and projected), along with two proxy measures of erosion and
sedimentation, namely sediment yield (estimated in SWAT) and
rainfall erosivity (calculated using the modified Fournier Index).
Simulation of the relative change in sediment yield with projected
climate change was conducted using the SWAT 2012.10_2.19
version in ArcMap 10.2.2. SWAT is an empirically based, continuous
time, semi-distributed, catchment-scale model that accounts for
most connectivity aspects. SWAT accounts for the connectivity of
sediment generated on hillslopes and how it sinks to a channel by
overland and subsurface flow (Le Roux et al., 2013). SWAT was
selected primarily because it has been applied successfully for
various large catchment (10–10 000 km2) modelling studies across
the world, including in Africa, and had previously been used to
estimate sediment yield for the Tsitsa River catchment (Le Roux et
al., 2015; Wahren et al., 2016). SWAT considers water and sediment
fluxes in large catchments with varying climatic conditions, soil
properties and land use combinations.
The modified Fournier Index (FIm) (Eq. 1) was used to calculate
rainfall erosivity, which is expressed as a dimensionless index value.
FIm is a methodology frequently used to estimate rainfall erosivity
(Sauerborn, et al., 1999). Studies have shown that the FIm approach
is appropriate to gauge rainfall aggressiveness and is correlated to
other climatic variables, which are contributing factors in erosion
events (Costea, 2012). The erosivity classes used to interpret the
FIm results are shown in Table 1 (Yahaya et al., 2016). FIm was
calculated with monthly values for each month of the year and
then averaged for each year. The FIm was calculated using both
observed data and projected climate data for each period.
ModifiedF1 

 ( p1, p2,... p12)

Index value

Erosivity

0–60

Very low

60–90

Low

90–120

Moderate

120–160

p

Severe

>160

Very severe

Table 2. The six CGCMs on which the Council for Scientific and
Industrial Research (CSIR) performed dynamical downscalings in order
to develop an ensemble of high-resolution (50 km x 50 km horizontal
resolution) projections of the future climate for southern Africa
CGCM

Source

GFDL-CM 2.0

The version 2.0 CGCM of the Geophysical
Fluid Dynamics Laboratory (GFDL) of
the National Oceanic and Atmospheric
Administration (NOAA) in the United States

GFDL- CM 2.1

The version 2.1 CGCM from GFDL

ECHAM5/MPI-OM

ECHAM5/MPI-Ocean Model from ECHAM5/
MPI-O Min Germany

UKMO-HadCM 3

The Met Office Third Hadley Centre Coupled
Ocean Atmosphere CGCM – United Kingdom

MIROC 3.2-medres

Model for Interdisciplinary Research on
Climate 3.2 medium resolution version, of the
Japanese Agency for Marine-Earth Science
and Technology

CSIRO MK 3.5

The version 3.5 CGCM of the Commonwealth
Scientific and Industrial Research
Organisation in Australia

2

(1)

where: p = average monthly rainfall; P = average annual rainfall
Climate change input data
CGCMs are currently the most suitable models for projecting
future climate change scenarios. Temperature and rainfall
projections of climate change have been successfully used in a
variety of hydrological models, including SWAT, to determine the
effects of changing climate on various environmental processes
such as soil erosion (Mullan et al., 2012).
Regional projections of climate change were used to obtain the
projected changes in sediment yield at the catchment scale. Six
different Coupled Global Climate Models (CGCM) or ensemble
member (Table 2) projections for the A2 Special Report on
Emissions Scenarios, 2000 (SRES) were used (Nakicenovic et al.,
2000). These were dynamically downscaled to high resolution over
South Africa for the period 1961to 2100 by Engelbrecht et al. (2011).
The downscaling made use of the regional Conformal-Cubic
Atmospheric Model. More detail on these ensemble members can
be found in Malherbe et al. (2013). The A2 emissions scenario
was used in this study as it was the scenario used by Englebrecht
et al. (2011) when downscaling the data over South Africa. Since
then, various other RCPs have been developed (Van Vuuren et al.,
2011). The projections used in this study are the same projections
used in the study by Engelbrecht and Engelbrecht (2016) and a
detailed description of the downscaling procedure can be found
in Engelbrecht et al. (2011). The CGCMs were bias-corrected
by Engelbrecht et al. (2011) using sea-surface temperature
biases, which were derived by comparing the simulated and
observed present-day climatology of sea-surface temperatures
for 1979–1999 for each month of the year. The same monthly
bias corrections were applied for the duration of the simulations
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Table 1. The Modified Fournier Index value and severity of erosivity
according to Yahaya et al., (2016)

(Engelbrecht et al., 2011). A major advantage in using CGCMs is
that they provide a daily time resolution of future climate, which
removes the problem of assigning precipitation change between
number of wet days and the amount of precipitation on a wet day
(Mullan et al., 2012).
For the purpose of this study, the model grid point closest to the
geographical location of the study site (28.248898, −30.752091)
was used to extract all the relevant simulated climate parameters
(rainfall, minimum and maximum temperature) on a daily time
scale. In this study, the downscaled projections of climate change
of the six ensemble members were first divided into three nonoverlapping shorter time periods with a 5-year warm-up period
(indicated in the square brackets), namely, 2015[2009]–2034
(short-term), 2045[2039]–2064 (mid-term) and 2081[2075]–
2100 (long-term) before been run in SWAT.
SWAT model setup
Erosion caused by rainfall and runoff is computed with the Modified
Universal Soil Loss Equation (MUSLE). The algorithms and
equations used are described in Arnold et al. (2012). The MUSLE
predicts sediment yield by grouping the influences on the erosion
process into five causal factors (also known as USLE factors),
including rainfall erosivity in MJ∙mm/(ha∙hr∙yr), soil erodibility in
t∙ha∙hr/(ha∙MJ∙mm), hillslope length and gradient, vegetation cover
factor, and supporting practices. The MUSLE replaces the USLE
rainfall energy factor with a runoff factor, eliminating the need for
delivery ratios, and allows the equation to be applied to individual
storm events (Fig. 2). Daily rainfall values were obtained from the
Agricultural Research Council-Institute for Soil, Climate and Water
(Agro-meterology Staff, 1987–2020) for the observed, control
period (2002–2017) from the weather station (Station ID 30149)
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Figure 2. Workflow chart of the SWAT model with the input data used in the study

Figure 3. Calibrated SWAT discharge results compared with measured discharge at the gauging station (T3H006) nearest to the proposed dam

located closest to but not in the catchment (−31.352659 S,
28.047380 E). The National Land Cover map with a 10 x 10 m pixel
size (improved by Le Roux et al. 2015) was used as the land cover
input and the Land Type data with a 30 m resolution (prepared by
the Land Type Survey Staff (1976–2006)) was used as the soil input.
The hydrologically improved Shuttle Radar Topography MissionDigital Elevation Model (SRTM-DEM) with a resolution of 90 m
created by Weepener et al. (2012) was used as the input digital
elevation model (DEM). Although 90 m is too coarse to represent
small topographic features, it was considered sufficient for the
automated routines run in SWAT for this study (e.g., dividing
large catchments into smaller sub-catchments and calculating
the average slope for each from a DEM). Twenty-four subcatchments represented all the major tributaries of the main river
and ensured that flow monitoring points were spatially overlain
with sub-catchment outlet points. Each of the 24 sub-catchments
consists of a channel with unique geometric properties, including
slope gradient, length, and width. These are portions of a subcatchment that possess unique land use and soil attributes. Similar
to Bouraoui et al. (2005), the parametrisation was done to keep the
number of HRUs down to a reasonable number (47), while still
considering the full diversity and sensitivity of land cover and soil
Water SA 47(1) 67–75 / Jan 2021
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combinations. The study aimed at integrating all land cover units
that significantly affect the sediment yield of a catchment, whether
large or small in spatial extent.
Validation and calibration of SWAT was conducted previously
by Le Roux et al. (2015), using flow measurements from the
downstream station (coded T3H006) and nearest to the future dam,
retrieved from the Department of Water and Sanitation (Fig. 3).
A major limitation to the use of continuous time models in
developing countries is the lack of recorded flow and sediment
data needed for validation and calibration. In this study, due to
the absence of data on sediment loads, the model calibration
concentrated on the hydrological component by adjusting model
parameters in a manner similar to Tibebe and Bewket (2011) by
modifying the curve number and base-flow coefficients (Le Roux
et al., 2015). Model performance was enhanced by adjusting/
optimising the input parameters to improve model performance
resulting in a > r2 and E (Nash and Sutcliffe, 1970). A per cent
deviation method of Martinec and Rango (1989) was used as a
measure of goodness-of-fit between simulated and measured
discharge. The goodness of fit expressed by r2 was 88% and E was
75%, whereas discharge was over-predicted by 14%.
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RESULTS
To determine the accuracy of the projected rainfall data, each
ensemble member was compared with the control data over the
period 2002–2017 (Fig. 4). All the downscaled ensemble members’
projections underestimated, by approximately 10%, the amount of
rainfall during the control period. This underestimation of rainfall
is noteworthy and should be considered when interpreting the
derived sediment yield and erosivity for the modelled period
2015–2100. Variations between the models were low, with only a
5% variation between the highest (UKMO-HadCM3) and lowest
(ECHAM5/MPI-OM) rainfall projection.
Figure 5 illustrates the rainfall event type per ensemble member
derived from projected rainfall. In all the downscaled model
projections, lighter (<5 mm) rainfall events were over-estimated
for the control period 2002–2017, while the more intense rainfall
events, 10 mm and 15 mm, were under-estimated, by 70 and 95%,
respectively. In addition, Figure 4 shows the projected frequency
of annual occurrences of 5 mm, 10 mm and 15 mm rainfall events
for each of the six GCM projections for each time period. All the
projections indicate an increase in 15 mm events throughout
the century and most of the projections show an increase in the
10 mm events. This suggests that the number of extreme rainfall
events is projected to increase throughout the century up until
2100. Even though the ensemble members under-estimated larger

rainfall events, the models predict a relative increase in extreme
events, between 2- and 10-fold up to 2100.
Figure 6 indicates the range of annual rainfall for the ensemble
members over the period 2015–2100. The maximum annual
rainfall is just over 1 000 mm while the minimum is just less than
400 mm. There is a narrowing in the range between the maximum
and minimum projected rainfall during the 2030–2055 period
(indicated by the box), which falls in the mid-term time period.
The reduced range also tends towards less rainfall. The long-term
period (2081–2100) shows the greatest range and disagreement
between the models in predicted rainfall and, consequently, both
the highest and lowest rainfall predictions occur in this time period.
Figure 7 shows the rainfall, erosivity and sediment yield as an
average of the six ensemble members for each of the time periods.
Each erosion index predicts a large increase from the start to the end
of the century. The increase is not uniform and there is a noticeable
decrease in the mid-term (2045–2064), which may be partially
explained by the lower range in rainfall as well as the lower rainfall
observed in Fig. 6 in this period. Higher sediment yield, rainfall and
erosivity for the short and long term are caused by extremities in
rainfall during those periods, which can also be observed in Fig. 5.
Between the short- and long-term, sediment yield increases by 14%,
erosivity by 2.5% and rainfall by 5.5%. Erosivity can be described as
low to moderate (FIm >60) in all three time periods.

Figure 4. The mean annual rainfall projected by each ensemble member, along with the observed mean annual rainfall for the period 2002–2017
in the upper Tsitsa catchment

Figure 5. The number of 5 mm (light), 10 mm (medium) and 15 mm (heavy) rainfall events in the upper Tsitsa catchment, Eastern Cape,
South Africa, for the time periods 2015–2035, 2045–2064, 2081–2100 for each ensemble member, along with the control data (observed)
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Figure 6. The range of mean annual rainfall in the upper Tsitsa catchment, Eastern Cape, South Africa, for the six ensemble members over the
period 2015–2100

Figure 7. Mean of the six ensemble member predictions averaged for each period (2015–2034, 2045–2064, 2081–2100) in the upper Tsitsa
catchment, Eastern Cape, South Africa. From left to right: mean of the annual rainfall; mean annual Modified Fournier Index; mean of the annual
sediment yield predicted by SWAT

Table 3 shows the range of possible sheet and rill erosion–derived
sediment yield estimates as well as the variability between the
ensemble members. For the short term, estimates vary between
0.01 t/ha and 0.3 t/ha. For the mid-term it varies between
0.01 t/ha and 0.14 t/ha and, finally, for the long-term estimates
vary from 0.05 t/ha to 0.17 t/ha. Standard deviations show that
the greatest variation between the members exists in the shortterm projections. Models varied between 3% and 30%; the biggest
variation was in the long-term estimates and the smallest was
in the short-term estimates. From Fig. 3, variation in rainfall
between the models was 5% whereas sediment yield here varies
from 3–30%. This shows how the feedback between rainfall and
sediment yield is non-linear.
Water SA 47(1) 67–75 / Jan 2021
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Table 3. The sediment yield projected by each ensemble member for
each time period
Ensemble member

Sediment yield (t/ha)
2015–2035

2040–2065

2081–2100

CSIRO

0.05

0.02

0.17

GFDLv

0.05

0.03

0.15

GFDL 2

0.07

0.06

0.05

MIROC

0.01

0.01

0.01

MPI

0.03

0.03

0.07
0.12

UKMO

0.3

0.14

Mean

0.08

0.05

0.1

Standard deviation

0.11

0.05

0.06
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Figure 8. The average monthly sediment yield modelled in SWAT from the average of the six CGCM models for the periods 2015–2035,
2045–2064, 2081–2100

Figure 8 shows that sediment yield contribution is highest in the
summer rainfall months. This is expected as the catchment falls
in a summer rainfall region. The peak sediment contribution will
likely remain in February; however, the peak sediment yield will
likely increase more than 2-fold from 0.02 t/ha in 2045–2064 to
0.05 t/ha in 2081–2100.

DISCUSSION
The study sought to provide a preliminary investigation into the
effects of climate change on soil loss by sheet and rill erosion in a
South African catchment earmarked for a potential water resource
development. Results show that the effects of climate change in
the upper Tsitsa catchment will likely lead to an increase (up to
14%) in rainfall erosivity and sediment yield up to 2100. This is
most likely due to a projected increase in larger rainfall events
(>10 mm), which is consistent with documented findings within
South Africa (Engelbrecht et al., 2013). Rainfall intensity is a major
contributor to the erosivity factor and sediment yield. Higher
rainfall intensities have been shown to result in greater runoff
(Mohamadi and Kavian, 2015). Similar soil losses were detailed
in the study by Simonneaux et al. (2015), who found that climate
change would lead to an increase in sediment yield by 4.7–10.1%.
Peak sediment yield will occur as at present in the summer months
but is likely to increase more than two-fold in the long term.
Since the catchment is dominated by gully erosion, siltation of the
dam will be affected more by the erosion rates of gullies. Although
this study did not assess climate change effects on gully erosion, its
effects on sheet and rill erosion may be an indicator for increased
gully erosion under climate change.
By creating three separate time periods, our results can be useful
to understand the projected climate prevailing in the various life
stages of the dam. The likelihood of high sedimentation projected
in the short-term (2015–2034) may coincide with the planning,
building and initial management of the reservoir. These potential
impacts can, thus, be included in the design of dam infrastructure
as well as land management scenarios which will lower erosion
rates from the onset. The lower erosion rates projected in the
mid-term, which then increase in the longer term, highlight
the importance of ongoing and flexible siltation management to
optimise the dam’s lifespan over the century. This may be partially
explained by the lower range in rainfall during the 2045–2064
period, but more studies should be conducted using newer
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climate models, different downscalings (dynamical vs statistical),
and/or more grid points, to establish whether this observation is
part of a long-term trend.
Model uncertainty was partly overcome in this study by using all
six available ensemble members. This gave an advantage over the
use of a single model in terms of being able to quantify uncertainty
in projections and resulted in a range of possible estimates
(Crosbie et al., 2012). It is important here to acknowledge the
underestimation of rainfall by the CGCMs, in particular extreme
rainfall events which will have the greatest effect on the sediment
yield results. Although CGCMs can reliably and skilfully project
changes in temperature, they are less skilled in predicting changes
in rainfall at the local scale (Schulze et al., 2011). Since soil erosion
is largely controlled by rainfall, and heavy thunderstorms result
in greater runoff than do lighter rainfall events, the CGCMs
likely cause an underestimation of sediment yield by SWAT. As
such, several advances need to be made to improve soil erosion
monitoring and modelling with regards to future climate. These
include better representation of extreme events in climate models
and the integration of, and distinction between, the various
soil erosion processes such as rill, gully, or channel erosion in
hydrological/sediment yield models. Because of these limitations,
it is highly recommended that uncertainty be regularly included as
part of the risk in decision making when it comes to water resource
management for southern Africa (Kusangaya et al., 2014).
It should be noted that the focus of this study was to gauge
relative changes in soil loss up to 2100. According to Mullan et
al. (2012), there are numerous benefits of using relative soil loss
rates. First, even if SWAT fails to accurately simulate the absolute
soil loss rates from projected climate change data, it will still be
able to simulate relative changes. Second, and most importantly,
since the results from calculating relative changes are influenced
only by the altered parameters, in this case the weather (rainfall,
minimum and maximum temperature) inputs, they are better
able to isolate the impacts and contribution of climate change to
the future erosion problem (Mullan et al., 2012).
Dam design can have a considerable effect on the lifespan of the
dam. Dam construction considerations may include the building
of sediment traps or settling facilities or the construction of an
underwater dike or massive tunnels which allow for annual sluicing
(Ferreira and Waygood 2009). However, preventing upstream soil
erosion has substantial advantages for a dam’s lifespan, as well as
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social and economic benefits which can improve overall resilience
of the catchment in the long term (Plamieri et al., 2001). Changing
land management practices in response to climate change and other
external factors will likely also affect sediment yield (Routschek et
al., 2014; Simonneaux et al., 2015). It is recommended that better
land management practices which lessen erosion be introduced;
these include rotational grazing, limiting stock sizes to the carrying
capacity of the land and the use of conservation farming techniques
(Hendershot, 2004; Gruver, 2013). Land use and land management
were not considered in this study because their inclusion in the
model would have created the need for further assumptions and
added additional uncertainty, since the likely response of land
management to climate change is unknown.

CONCLUSION
It is widely accepted that climate change will bring about large
changes in the hydrological cycle, most likely causing increased
frequency and intensity of extreme rainfall events (Nearing et al.,
2004; Seneviratne et al., 2012; Tabari, 2020). Numerous studies
have shown that extreme rainfall events lead to increased runoff
and sedimentation of reservoirs (Msadala et al., 2010; Mullan,
2013; Pretorius 2017). However, few studies have focused on
the effects of climate change on sediment yield and erosivity,
most notably in Africa (Nearing et al., 2004; Mullan et al., 2012;
Simonneaux et al., 2015). Adequate water resource development
is an integral part of economic growth and will play a vital role
in climate change resilience in the warmer, drier regions of subSaharan Africa (Wu et al., 2009).
This study highlighted the potential effects of changing climate
on a rural, sub-humid, South African catchment earmarked
for a major water resource development. Our results show that
climate change will likely lead to increased sedimentation in the
catchment, particularly in the long term. Peak sediment yield
will also increase almost three-fold throughout the century, most
likely caused by an increase in larger rainfall events. The study
emphasised the need for changes in climate to be considered
when embarking on water resource developments. It is hoped
that these results will inform decision makers, as well as open the
discourse for further research on the impacts of climate change on
water resources, particularly sedimentation, in this catchment as
well as others in sub-Saharan Africa.
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