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Hydrological modelling is an appropriate approach to investigate the effect of interactions of climate, land-
use and soil on the water-use of natural or managed ecosystems, in particular where spatial heterogeneity 
exists. The Soil and Water Assessment Tool (SWAT) model has evolved into one of the most widely used 
catchment-scale hydrological models, which has been extensively used to better understand hydrological 
processes. In this paper, the SWAT model was adopted to simulate a wattle plantation in KwaZulu-Natal, 
South Africa. User-defined vegetation growth, soil and management input parameters were constructed 
for the study area based on site measurements. These parameters were subsequently modified using the 
Sequential Uncertainty Fitting (SUFI-2) analysis routine to calibrate the model. The calibrated model captured 
seasonal trends in the observed sediment and streamflow data. The compilation of spatially explicit sediment 
output provides a useful approach to manage catchments by identifying high erosion-risk areas. The SWAT 
model, using site-specific input parameters, provides a platform for subsequent hydrological and sediment 
modelling in South Africa.

INTRODUCTION

Hydrological models used in water-use studies need to find a balance between simplicity 
and reliability, while at the same time predicting the impacts of land and water management 
alternatives at an appropriate regional scale (Le Maitre et al., 2002; Everson et al., 2007). Arguably 
one of the most important components of a scientific simulation model is that it should be easy to 
understand in light of their assumptions and mechanisms represented in the simulation, so that 
critical evaluations can be made of the predictions (Thornley, 1998). Model complexity is a major 
determinant of which model is selected, as the input data available, time constraints and budget all 
influence model selection. Furthermore, the level of detail on processes, spatial disaggregation and 
temporal disaggregation should be considered (Schulze et al., 1995).

According to Schulze et al. (1995), models of differing complexity range from simple formulae to 
complex physiologically based models. The advantage of simple models is that simple and readily 
obtainable inputs are required to provide estimations (Schulze et al., 1995). Simple models cannot 
be expected to provide a detailed estimation, but rather are course, large-scale depictions; however, 
they should not be used for extrapolation of estimates under different conditions from the ones 
under which these models were developed (Schulze et al., 1995). More complex models can provide 
accurate estimates of hydrological components in comparison to simple models, provided that 
quality information is readily available and time and money are not limited. ‘The development 
of complex models from the processes of analysis, assembly of data, model construction and 
validation, take up costly resources in the form of skilled expert hours and computer time’ (Schulze 
et al., 1995 p. AT19-3).

In South Africa, models such as the Agricultural Catchments Research Unit (ACRU), the Soil 
Water Assessment Tool (SWAT), Système Hydrologique Européen (SHE) model group and 
WAVES have been applied. Given the high level of spatially complex data available for land under 
commercial plantations, the recent development of the ArcSWAT GIS interface and the advantage 
that sediment transport forms a major component of the model, SWAT was selected as the most 
appropriate model for this study.

The Soil and Water Assessment Tool (SWAT) model has emerged as one of the most widely used 
water quality watershed- and river basin–scale models, applied extensively for a broad range of 
hydrologic and/or environmental problems (Gassman et al., 2007; Gassman et al., 2014). SWAT 
is a conceptual continuous time model developed in the early 1990s, to assist in water resource 
management, and to assess the impact of management and climate on water supplies and non-
point-source pollution in watersheds and large river basins (Arnold and Fohrer, 2005). Recently 
SWAT has been applied in tropical regions of Africa (Easton et al., 2010; Schuol et al., 2008), 
Asia (Thampi et al., 2010; Wagner et al., 2011), and Latin America (Strauch et al., 2013). It is 
physically based, uses readily available inputs and is computationally efficient to operate on large 
catchments over extended time periods (Everson et al., 2007). The SWAT model has an extension 
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to Arcview and ArcGIS, which has increased the versatility of 
the model, and this spatial component makes it attractive for 
modelling hydrological components. The broad use of SWAT 
can be attributed to its flexibility in addressing water resource 
problems, extensive networking via training workshops and 
international conferences that have been held during the past 
decade, comprehensive online documentation and supporting 
software, and an open-source code that can be adapted by model 
users for specific application needs (Gassman et al., 2014).

Although the SWAT model has been used in various catchments 
of South Africa, it has had limited applications as a teaching 
tool and for consultants. Most of the work undertaken has 
formed part of larger research projects, with validations of 
yields demonstrating a strong correlation to measured values 
(Zabalet et al., 2014; Almendinger et al., 2014; Beeson et al., 
2014). However, the primary limitation is of the availability of 
measured sediment and nutrient values.

This paper aims to answer the following questions:

(i)	 Is the ArcSWAT model an appropriate tool to use for a 
summer rainfall, sub-tropical catchment in South Africa?

(ii)	 Can the SWAT model be customized for South African 
conditions?

(iii)	 What model inputs and outputs are easily accessible or 
need to be measured in South Africa for sediment yield 
simulations?

(iv)	 Can the model be calibrated using observed data and what 
do we need to achieve this – in terms of data collection, 
validation, calibration and correction?

SWAT model

The input required for ArcSWAT is spatially explicit soils data, 
land use/management information, and elevation data to drive 
flows and direct sub-basin routing (Arnold, 2005). SWAT 
integrates the parameters into hydrologic response units (HRU), 
effectively over-riding the underlying spatial distribution. These 
HRUs are grouped according to the topography, soils (type/
structure/depth/chemical properties), land use and slope.

The SWAT model uses the water balance equation (Eq. 1) in its 
simulation of the hydrological cycle (Arnold et al., 2009):
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where SWt is the final soil water content (mm); SW0 the initial 
soil water content on Day i (mm); Rday: being the precipitation on 
Day i (mm); Qsurf the surface runoff on Day i (mm); Ea the total 
evaporation on Day i (mm); Wseep the water entering the vadose 
zone on Day i (mm) and Qgw the return flow on Day i (mm).

One of the primary drivers of SWAT is the meteorological 
input data, which has improved over recent years to allow for 
measured rainfall, solar radiation, wind speed, relative humidity 
and evaporation data. In addition, SWAT provides a compromise 
between empirical and physical algorithms, using a modified 
version of USLE (MUSLE) that is used to simulate water erosion 
(Borah and Bera, 2003).

Sediment yield modelling using SWAT

Soil erosion involves the detachment, transport and deposition 
of soil particles (including plant nutrients and organic matter) 
by water or wind. This process may be natural or accelerated 
by human interference in the environment (Tolosa, 2015). The 
amount of sediment leaving a site or catchment is a function 
of the erosional and depositional processes occurring above 

the discharge outlet. Sustainable land management and water 
resource security are threatened by soil erosion and sediment-
related problems (Betrie et al., 2011). In response to such 
threats, there is an urgent need to estimate soil loss and identify 
problematic areas for improved catchment-based erosion control 
and sediment management strategies (Tolosa, 2015). However, 
soil erosion, transportation and deposition are highly variable 
both spatially and temporally, and are expensive to monitor 
accurately, resulting in limitations for calibration.

Erosion and sediment yield in SWAT are estimated for each 
HRU with the Modified Universal Soil Loss Equation (MUSLE) 
and Bagnold’s equation to route the sediment loads (Winchell 
et al., 2013). The hydrology module supplies estimates of runoff 
volume and peak runoff rate, which, with the sub-basin area, 
are used to calculate the runoff erosive energy variable (Tolosa, 
2015). The crop management factor is recalculated every day that 
runoff occurs. It is a function of above-ground biomass, residue 
on the soil surface, and the minimum crop factor for the plant. 
Surface runoff is calculated (Eqs 2 and 3) and is then used to 
calculate sediment yield (Eq. 4).
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where
Qsurf = Surface runoff volume
qpeak = Peak runoff rate (m3∙s–1)
Ahru = Area of the Hydrological Response Unit
K = USLE soil erodibility factor
C = USLE cover & management factor
P = USLE support practice factor
LS = USLE topographic factor
CFRG = Coarse fragment factor

Soil texture is an important component affecting soil erodibility. 
Output from the SWAT model can determine the texture of the 
load per day, which is usually composed of high silt levels and 
some clay, and, to a lesser extent, soil structure and permeability 
impact upon this component. This is particularly important for 
areas such as dirt roads, where compaction is high. The C factor 
(cover and management) reduces the soil loss estimate based on 
the effectiveness of vegetation and mulch to prevent detachment 
and transport of soil particles. Due to its strong sediment yield 
component, SWAT could be used to extrapolate sediment 
distribution throughout the catchment, identify vulnerable 
areas and promote best management practices. As such, it is 
considered a more suitable tool for agricultural management 
practices in watersheds of varying sizes, compared with other 
models (Nabi et al., 2017).

Study area

The Two Streams catchment is situated 70 km from 
Pietermaritzburg near Seven Oaks along the Greytown road 
(Fig. 1). The site falls within the catchment of the Khamanzi 
River and Quaternary Catchment U40C. The baseline vegetation 
type is classified as Midlands Mistbelt Grassland (Gs 9; Mucina 
and Rutherford, 2006; Scott-Shaw and Escott, 2011). The 
surrounding grasslands are dominated by forb-rich, tall, sour 
Themeda triandra grasslands, of which only a few patches 
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remain due to invasion of native Aristida junciformis (Everson 
et al., 2007). The slope undulates along the landscape with 
rolling hills and a high percentage of arable land. Soil forms are 
a-pedal and plinthic and are derived predominately from the 
Ecca Group with dolerite dykes and sills (Everson et al., 2007). 
Rainfall is primarily in summer, with an annual rainfall ranging 
from 659 to 1 139 mm. Rain is most commonly from summer 
thunderstorms or cold fronts (Everson et al., 2007). Mist can be 
heavy and frequent and can add significantly to precipitation. 
Moderate frosts, droughts, hail and berg winds are common to 
the area (Mucina and Rutherford, 2006).

The SWAT model was used at Two Streams for the following 
reasons:

•	 Previous modelling work had been undertaken at the site 
using SWAT, ACRU and WAVES

•	 Much streamflow, soils, land use/management, climate, 
evaporation and ecological data are available for the site

•	 There are ongoing sediment load studies at the site, using 
runoff plots at different hillslope positions and land uses

•	 The data at the site are available and have been well 
documented

•	 The catchment area is small (76 ha) which reduces potential 
errors such as abstraction of water and uncertainty of larger 
scale variables such as total evaporation

•	 The commercial nature of the vegetation is suited to known 
model inputs for SWAT

METHODS

Catchment information has been collated for the Two Streams 
site and Quaternary Catchment (QC) U40C. This model is 
dependent on the resolution of the input data, in particular the 
digital elevation model (DEM). A large amount of manipulation 
is required for modelling outside of the United States; therefore, 

much of the time is spent translating data into suitable input 
data. An overview of the core input variables has been provided 
in Table 1.

Elevation and topography

A digital elevation model (DEM) is used to configure the 
catchment by dividing it into a sub-basin or sub-catchments. 
The automatic watershed delineation tool, which is the first 
step of the model, allows for the creation and selection of outlet 
nodes and the determination of sub-catchment properties and 
river reach attributes. Depending on the resolution of the DEM, 
either a manual or automatic setup can be chosen.

The 30 m Shuttle Radar Topography Mission (SRTM) 1 Arc-
Second Global DEM was used as the starting point. The 
resolution of this DEM is 30 m by 30 m. However, this DEM does 
not provide accurate heights in areas of tall vegetation. Verified

Figure 1. Location of the Two Streams catchment

Table 1. Summary of key SWAT input variables (Arnold et al., 2012)

File name Description

File.cio Watershed file that names catchment levels for output 
parameters

.fig Watershed configuration file

.pcp Precipitation input file (up to 300 stations)

.tmp Temperature file with daily minimum and maximum 
temperatures

Crop.dat Land cover/plant growth database file containing plant 
growth parameters

.hru HRU level parameters

.sol Soil input file
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point and contour data were used to correct these errors and 
interpolate a higher resolution model. WGS 1984 UTM Zone 
36S was used as the projection as SWAT requires all layers to 
be projected uniformly and UTM is the most commonly used 
projection for hydrological studies.

Land use

A combination of existing databases and user-defined 
boundaries were used to create a new land use shapefile. Given 
the small catchment size, gravel roads were included in the 
land use set-up, as they are likely to contribute to sediment and 
nutrient wash at the site. The land use definition tool was used 
in SWAT, this clips the land use to the catchment boundary and 

provides it with a user-defined code. A text file containing these 
codes and the subsequent SWAT land code was compiled by 
the user, which is used to reclassify the land use layer to match 
attributes contained in the SWAT database.

An important addition to this component was land uses that are 
either different in South Africa or that do not exist in the SWAT 
database. In this case, new land uses can be added to the SWAT 
database, either through the Access database file or through the 
user interface. The following changes have been made to the 
model database (further described in Table 2) to match South 
African conditions (after Scott-Shaw, 2018):

•	 Eucalyptus and Wattle have been modified to match South 
African species and hybrids grown in KwaZulu-Natal

Table 2. Summary of modified land use input variables (after Scott-Shaw, 2018)

Crop name Crop code Units

Modified land use

Wetlands-
invaded

Wetlands-
cleared

Pasture
Summer 
pasture

Winter 
pasture

Eucalyptus 
grandis

Wattle 
(Acacia 

mearnsii)

Crop code CPNM N/A WETF WETN PAST SPAS WPAS EUCA ACME

Radiation-use 
Efficiency

BIO_E MJ∙m–2 15 47 35 35 30 15 15

Harvest index HVSTI Frac 0.76 0.9 0.9 0.9 0.9 0.5 0.76

Maximum 
potential LAI

BLAI m2∙m–2 5 2.5 4 4 4 5 6

Fraction of 
growing season 
leaf decline

DLAI m2∙m–2 0.99 0.7 0.99 0.99 0.8 0.99 0.99

Maximum canopy 
height

CHTMX M 6 2.5 0.5 0.5 1.5 22 18

Maximum root 
depth

RDMX M 3.5 2.2 2 2 2 3.5 3.5

Optimal 
temperature for 
plant growth

T_OPT C 30 25 25 25 15 25 25

Minimum 
temperature for 
plant growth

T_BASE C 10 12 12 12 0 0 0

Lower harvest 
index

WSYF kg∙ha–1 0.01 0.9 0.9 0.9 0.9 0.05 0.05

Minimum USLE C USLE_C Unitless 0.001 0.003 0.003 0.003 0.003 0.001 0.001

Maximum 
stomatal 
conductance

GSI m∙s–1 0.01 0.005 0.005 0.005 0.005 0.012 0.012

Vapour pressure 
deficit on stomatal 
conductance curve

VPDFR kPa 4 4 4 4 4 4 4

Fraction of 
maximum 
stomatal 
conductance

FRGMAX Frac 0.75 0.75 0.75 0.75 0.75 0.75 0.75

Decline in 
radiation-use 
efficiency

WAVP g∙MJ–1∙kPa–1 8 8.5 10 10 8 3 8

Elevated CO2 
efficiency

CO2HI uL CO2∙L
–1 660 660 660 660 660 660 660

Biomass energy 
ratio

BIOEHI Ratio 16 54 36 36 39 20 20

Minimum LAI 
during dormancy

ALAI_MIN m2∙m–2 0 0 0 0 0 0.75 0.75

Years until full 
development

MAT_YRS Years 10 0 0 0 0 10 12

Maximum biomass BMX_TREES t∙ha–1 1 000 0 0 0 0 800 1000

Management 
schedule

OpSchedule N/A WETF WETN PAST AGRR AGRR AGRR (mod) AGRR (mod)
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•	 New parameters for summer and winter pasture (although 
not extensive at the site)

•	 A new parameter for wetlands invaded by commercial 
species

•	 A new parameter for cleared wetlands (natural grassland 
and sedge in this area) has been included

 Soils

A soil survey was undertaken and further described by Le Roux 
et al. (2015), whilst Everson et al. (2014) documented detailed 
physical soil properties at the site which were combined with 
the available data (Table 3). The soil data were available as point 
form, and the terrain of the land was used to extrapolate these 
points to a spatially explicit area. Where available, the South 
African Soil Classification system (Soil Classification Working 
Group, 1991) was used to determine the soil form/family and to 
translate the information into SWAT required values. The soil 
hydrologic group (NRCS, 1996), structure, depth, number of 
layers, texture and saturated hydraulic conductivity were used 
to construct a spatial soil layer with up to five variable soil layers. 
The database (Usersoils) was edited with the attributes for each 
representative polygon code. A text file was used to code the 
data from the spatially explicit polygon to match the code in the 
database. Soils data were validated using the GIS interface and 
modified if required.

Soil properties that influence runoff generation are those that 
impact the minimum rate of infiltration for a bare soil after 
prolonged wetting and when not frozen (Everson et al., 2006). 
These properties are depth to seasonally high water table, 
saturated hydraulic conductivity, and depth to the permeable 
layer. Root activity at various depths were recorded during a 
previous study (Everson et al., 2014) (Fig. 2). The findings show 
that roots were active beyond 5 m, with the highest activity 
occurring at 4 m in October 2012. As such, soil profile depth and 
maximum root depth were maximized.

Slope

The slope definition uses the base DEM, and allows the user to 
define the slope classes. More slope classes would result in more 
HRUs. Once the user has chosen the slope classes, the layers are 
used to create the final HRUs. For this study, 5 slope classes were 
used, resulting in 189 HRUs.

Climate

Weather data definitions were modified to allow for user-
defined data to be included. All the data were obtained from 
ongoing research at Two Streams. A table was created for each 
rainfall station, including the station ID, location and altitude. 
Individual text files containing daily rainfall, temperature, solar 

Table 3. Physical soil properties recorded at Two Streams (Everson et al., 2014)

Sample % Clay % Coarse 
silt

% Fine 
silt

% Coarse 
sand

% Medium 
sand

% 
Fine 
sand

% Very 
fine sand

% Organic 
carbon

Texture Ksat 
mm∙h–1

2 Streams 
– surface

24.6 7.2 15.2 3.8 18.1 22.6 8.6 5.9 sandy clay 
loam

4.791

2 Streams – 
0.5 m

30.8 6.5 12.7 3.8 17.7 20.9 7.7 3.7 sandy clay 
loam

3.5

2 Streams – 
1.5 m

37.0 6.0 10.2 5.1 14.1 19.0 8.8 0.9 sandy clay 3.716

Riparian 
– surface

29.0 18.7 36.5 0.5 1.7 4.1 9.6 12.6 silty clay 
loam

5.083

Riparian – 
0.5 m

10.0 15.9 23.8 3.8 9.9 18.4 18.4 7.7 loam 10.75

Figure 2. Long-term root mass (g∙kg–1 of soil) found at Two Streams (Everson et al., 2014)
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radiation, relative humidity and wind speed were created that 
could be linked to the modified database.

Management

Land management is crucial for hydrological simulations. The 
management operations were modified in SWAT to specify the 
initial growing state and periods during harvest, fallow lands 
and planting – as the model is not South African in origin we 
modified this to take account of local management practices.

Sediment yield

Observed sediment yield data has been ongoing at the research 
site. Nine 1 m x 1 m runoff micro-plots were installed within 
the catchment with 3 replicates per slope position (Fig. 3). An 
additional nine 5 m × 2 m runoff plots were installed adjacent 
to the micro-plots with 3 replicates per slope position (top, mid 
and bottom slope). The gutter fed into the outlet of the micro-
plot, connected to a pipe, which fed into a bucket to capture the 
water. After each site visit, total overland flow volume from each 

micro-plot replicate was measured with a measuring cylinder 
and a 500 mL representative sample of the water collected. 
The sediment in the gutters was flushed down into the bucket 
with the sample water. Runoff plots are useful tools to evaluate 
interill erosion as they provide information on the impact that 
generated runoff flow has on sediment loss. (Chaplot and Le 
Bissonnais, 2003).

Sediment input components were modified within the model. A 
key component was the soils input. This, along with the climate 
input data, was a key determinant as to whether overland flow 
will be generated. Components such as management are also 
important and were interrogated through the model interface 
and the SWAT database.

Input summary

The final output for the Two Streams catchment, with an area 
of 0.75 km2, yielded 189 HRUs. The output for the greater 
Quaternary Catchment U40C (1662 HRUs) is provided (Fig. 4), 
which illustrates the high level of detail in the model.

Figure 3. Runoff plots installed within the Acacia mearnsii stand at Two Streams

Figure 4. Final SWAT HRU output
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RESULTS AND DISCUSSION

The results concentrate on improving model performance, 
particularly in the sediment yield component. A large 
component of this is calibration of the sub-models and input 
parameterisation. The simulation period was 11 years (using 
the maximum amount of climate data available) at a daily 
time step. The pre-calibration results suggested that the model 
was generally over-simulating the streamflow. This suggested 
an under-estimation of the vegetation water-use within the 
catchment, a limitation in the small catchment size or inaccurate 
input variables. Following the initial simulation, and once all the 
input data had been thoroughly checked, a model calibration 
was undertaken.

Sensitivity analysis

Model sensitivity is defined as the change in model output per 
unit change in parameter input (Tesfahunegn et al., 2012). After 
pre-processing of the required input for the SWAT model, flow 
simulations were performed for 11 years of recording periods 
starting from 1989 through 1999 and subsequently extended 
to 2014. Three years were used as a ‘warm-up’ period following 
which the simulation was used for a sensitivity analysis of 
hydrologic parameters and calibration of the model. The 
sensitivity analysis was performed using the standalone SWAT-
CUP sensitivity analysis tool that uses the Latin Hypercube 
One-factor-At-a-Time (LH-OAT). After the analysis, the mean 
relative sensitivity of the parameters was used to rank the 
parameters (Table 4). The USLE support practice factor was the 
most sensitive input for sediment yield output.

Model calibration

The aim of model calibration is to achieve a reduction in model 
uncertainty by efficiently extracting information contained 
in the calibration data. It involves the comparison of model 
simulation with observed data on predefined objective functions 
and adjusting parameters to improve closeness of fit. The SWAT 
model can be calibrated both manually and automatically. 
The manual calibration is the most widely used and involves 
visual comparison of observed and simulated data. SWAT-CUP 
was used to perform an automatic calibration using observed 
streamflow. Sequential uncertainty fitting was used as the 
statistical tool. The findings show a reasonable fit between the 
simulated and observed streamflow, although for peak events 

Table 4. Sensitivity analysis of the SWAT input

Parameter Description
Sediment yield

Rank Default

USLE_P USLE support practice factor 1 1

Alpha_Bf Baseflow alpha factor (days) 2 0.048

Slope Average slope steepness 
(m∙m–1)

3 Variable

Canmx Maximum canopy storage 
(mm)

4 0

Ch_K2 Channel effective hydraulic 
conductivity (mm∙h–1)

5 0

Cn2 Initial SCS CN II value 6 Variable

Ch_N2 Mannings “n” for main 
channel

7 0.014

the model was under-simulating the streamflow. The post-
calibration simulation (Fig. 5) provided an improved simulation; 
however, with some inconsistencies between peak events. 
This is likely due to the impact of land management, which is 
sensitive for such a small catchment area that is dominated by 
commercial agriculture. There were some missing streamflow 
records which were subsequently patched using the simulated 
data. The observed flow exceeded 4 mm or 0.035 m3∙s–1 during 
peak rainfall events.

Observed sediment data were obtained for the site (Table 5). 
This showed a peak load of 26.94 g∙m–2. These measurements are 
event-based measurements and indicate low sediment loads.

Annual water balance

The annual water balance is the most summarized output from 
SWAT (Figs 6 and 7), providing a good visual representation as 
to how rainfall is partitioned through the hydrological cycle. 
The results show high amounts of total evaporation lost through 
the vegetation and surface evaporation. Some recharge to the 
shallow aquifer occurs and very little to the deep aquifer. Surface 
runoff in this area is high compared to the other contributions 
to streamflow, whilst the annual sediment balance suggests low 
sediment yields, possibly due to the small catchment size. These 
results provide an immediate indication as to whether there will 
be benefits from scenarios, particularly land management.

Figure 5. Model calibration using observed streamflow data at Two Streams
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Table 6 provides an overview of the monthly hydrological 
components produced from this catchment. This table, along 
with the schematic of the hydrological cycle, indicate that 
catchment flow and sediment yield is low, possibly due to its 
small catchment area (0.75 km2). The total evaporation is high 
and exceeds the rainfall in the winter months.

The sediment cycle indicates that upland sediment yield is 11.01 
Mg∙ha–1. The in-stream sediment drops over the simulation 
period due to the low flow conditions. These values are sensitive 
to the management inputs. The nitrogen and phosphorus cycles 
showed a stable nitrogen state, however, with an increase in 
organic phosphorus.

Spatially explicit output

Generating spatial output data is a useful approach, as it allows 
for data to be quickly and easily relayed to clients, GIS users 
and decision makers. The difficulty is reducing the time series 
to a manageable level for display purposes. Annual data of 
specific output parameters can be spatially outputted. Seasonal 
changes can also be displayed (e.g. monthly maps). Furthermore, 
percentage change between scenarios can be calculated and 
displayed. This allows for the identification of sensitive areas 
or areas where management will have the largest benefit. The 
results from the topographic reports suggest relatively high 
variations in slope and elevation. An important reason for the 
detailed terrain input and HRU creation is that output data can 
be linked back to the spatial distribution within the catchment. 
The sediment distribution at Two Streams (Fig. 8) indicates that 
higher sediment loads occur in the steeper slope areas, along the 

Table 5. Observed sediment loads within the Acacia mearnsii stand 
at Two Streams

Date 10 m² (g) 1 m² (g)

08-Jan-15 6.03 2.55

28-Jan-15 75.63 6.62

11-Feb-15 118.32 9.75

23-Feb-15 3.23 0.69

03-Apr-15 4.14 1.64

27-May-15 174.42 7.56

05-Aug-15 41.08 3.29

22-Sep-15 38.24 4.69

17-Nov-15 26.45 4.93

11-Dec-15 119.90 13.67

18-Dec-15 511.29 26.94

12-Jan-16 105.20 18.67

27-Jan-16 3.46 1.53

04-Mar-16 149.63 16.29

Total 1 377.00 118.85

Average 98.36 8.49

Figure 6. Simulated hydrological cycle at Two Streams
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Figure 7. Simulated sediment cycle at Two Streams

Table 6. Monthly hydrological results

Month Rainfall (mm) Surface flow 
(mm)

Lateral flow 
(mm)

Water yield 
(mm)

Total 
evaporation 

(mm)

Sediment yield 
(mm)

Potential 
evaporation 

(mm)

Jan 132.58 22.27 0.94 27.52 60.17 0.03 118.89

Feb 91.99 16.99 0.91 26.26 66.54 0.02 98.76

Mar 83.89 11.64 0.79 24.49 69.86 0.02 86.57

Apr 53.59 7.31 0.59 16.56 56.42 0.01 69.99

May 21.97 1.63 0.36 7.51 40.65 0 58.32

Jun 14.12 0.28 0.18 2.55 24.83 0 52.47

Jul 17.99 2.78 0.14 3.51 20.71 0 67.44

Aug 32.69 1.7 0.18 2.31 34.64 0 89.84

Sep 51 2.86 0.21 3.44 43.77 0.01 88.19

Oct 92.82 5.66 0.38 6.31 68.05 0.01 95.31

Nov 114.55 8.96 0.62 10.58 88.71 0.03 104.96

Dec 136.06 17.2 0.79 20.04 101.01 0.01 119.46

Figure 8. Spatial output of sediment yield within the Two Streams catchment
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gravel roads and close to riparian systems. This is potentially 
useful as it demonstrates which areas may require erosion control 
measures. The land area under plantation showed an average 
annual sediment yield of 0.02 t∙ha–1, approximately double that 
of the areas under sugarcane. This is likely due to the long ratoon 
cycle where the sugarcane maintains a high average biomass and 
tillage does not occur during this period. In contrast, the area 
under plantation has relatively less soil cover resulting in smaller 
rainfall events generating surface runoff.

Time-series output

Output parameters linked to the delineated channel or reach, 
such as streamflow, can only be observed per segment of reach 
or at the catchment outlet. As such, these data cannot be viewed 
by HRUs. Daily time-series data of sediment yield show that on 
days during rainfall, sediment can reach up to 0.05 t (Fig. 9). 
This finding, as with the observations, is low. High rainfall peaks 
correspond to greater sediment loads. This is exacerbated under 
periods when the land is fallow or felling has taken place.

CONCLUSIONS

This modelling exercise demonstrates that the SWAT model can 
be effectively used in South Africa, and in particular in eroded 
agricultural areas of KwaZulu-Natal. The results were compared 
to previous model simulations undertaken at the site, where 
it could be seen that the SWAT model simulated flows more 
accurately. The ACRU model, which was run between 2000 and 
2008, consistently underestimated the streamflow. ACRU at 
times exceeded a 40% deviation from actual streamflow with 
WAVES exceeding a −20% deviation between the simulated 
and observed streamflow (Clulow et al., 2011). The historical 
simulation using SWAT (1950 to 2000) was limited to one HRU. 
The results showed an annual overestimation of streamflow by 
12 mm from the observed 20 mm (Everson et al., 2007). The 
overall finding was that further improvement was required and 
should be used together with satellite observations to up-scale 
the information across geographically broader regions.

The management component in SWAT is detailed and relevant 
to the Two Streams site. Although much time was spent on 

correcting input errors and translating data, if this model were 
to be used over a greater catchment area and a range of climatic 
conditions, the model could be appropriately validated and 
adopted for a broad range of applications in South Africa. A 
major limitation is the lack of SWAT-ready input data, such as 
soils, land use and climate. However, the data are available and 
would be needed to be populated into a SWAT-friendly format. 
Furthermore, as with any model calibration, more observations 
are required to validate the sub-routines of SWAT, such as 
sediment, nutrients and physiological properties of vegetation. 
An area of improvement would be a simultaneous multi-variable 
calibration using both streamflow and sediment yield. This 
would allow for input variables to be parameterized together, 
rather than isolating these two components.

The SWAT-CUP calibration interface provides a useful tool to 
determine the sensitivity of input parameters, and to improve 
the simulation efficiency by parameterising input variables, 
and provides an indication of the model uncertainty. The 
SWAT model is a suitable hydrological model for assessing the 
impacts of different land-uses in summer rainfall agricultural 
catchments in KwaZulu-Natal and can provide high-resolution 
temporal and spatial output data.
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