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Abstract
Soil and water assessment Tool is used to model the hydrology of a mountainous catchment in tropical Africa. 

Land cover and soil characteristics for the catchment were used to determine initial model parameters that were 
later adjusted during a calibration process. The model was calibrated and validated against measured stream flow. 
Although the model performed satisfactorily for simulating monthly river flows based on SWAT model calibration 
guidelines, it fell short of capturing daily peak flows. Average error on prediction of daily peak flows was -19.8%, while 
the median error was 10.8%.Overall, the average simulated daily peak flow was 2.6 cms less than the corresponding 
observed daily peak flow, indicating a model tendency to under predict the magnitude of peak events. The inability 
of the model to capture peak flows was found to be the main limiting factor for its performance. 

Keywords: Manafwa; Uganda; Watershed; SWAT; Hydrologic
modeling; Mountainous regions

Introduction
Information on natural condition and form of water resources 

occurrence is essential for socio economic development. Such 
information is obtained by carrying out a water resources assessment, 
a process that involves developing a clear understanding of water 
inflows, storage and outflows and their interrelationship over time. 
Only then is it possible to estimate environmental flow that is required 
to sustain human and natural resources uses. Meanwhile, water 
resources management in developing countries is more profound and 
complex than developed countries. In developing countries the lack of 
reliable long-term data makes rigorous and accurate water resources 
assessments challenging. Although water resources information 
acquisition requires considerable resources, its value far outweighs the 
costs of data collection. For example benefit to cost ratios for hydrologic 
data collection of up to 40:1 has been reported [1]. These benefits point 
to the need for adopting alternative methods that enable water resource 
assessments to be undertaken for developing countries. 

The key steps in carrying out a water resources assessment 
development process are highlighted in WMO [1]. A fundamental 
step in this process is the long term simulation of watershed behavior. 
This can be achieved by using conceptual hydrologic models that 
represent the physical processes in the watershed. The choice of model 
depends on the nature of the watershed and the amount and reliability 
of hydrologic data available. What features of the actual system are 
incorporated into a model depends partly on what the modeler judges to 
be important with respect to the task at hand. How well this is done will 
depend on the skill of the modeller, time, and the money available and 
perhaps more importantly the modeller’s understanding of the system 
dynamics [2]. The choice of approach therefore depends primarily on 
the issues that the researcher is investigating and also importantly the 
availability and accuracy of the data used. The effectiveness of a model 
in simulating the behavior of the catchment depends largely on the 
model parameters [3] and on how well the model structure is defined 
and how the model parameters are determined [4-5].

Developments in computer technology and recent advances in 
the use of geographic information systems (GIS) for water resources 
management have revolutionized the study of hydrologic systems. 

Since the 1990s there has been concerted effort to integrate hydrologic 
models and GIS with the aim of analyzing spatial and temporal 
datasets. The Soil and Water Assessment Tool (SWAT) developed by 
the United States Department of Agriculture- Agricultural Research 
Services (USDA-ARS) is one such model that integrates the spatial 
analysis advantages of GIS with the temporal analysis advantages of 
hydrologic modeling [6]. SWAT is a conceptual continuous time 
hydrologic model that can help water resource managers in assessing 
water supplies and non-point source (NPS) pollution on watersheds 
and large river basins [7]. It uses the basic principles of the hydrologic 
cycle to simulate the behavior of a watershed. Because the model can 
be run as an interface on GIS it facilitates the aggregation of required 
input data for simulating large scale watersheds. SWAT considers a 
watershed divided into sub basins based on topography, soil and land 
use and thus preserves the spatially distributed parameters of the entire 
watershed and homogenous characteristics within a basin [7]. 

Since its development in the 1990s, the SWAT model has been 
widely applied and improved to suit different watershed conditions. 
The model has proved to be an effective tool for assessing water 
resources and NPS pollution problems for a wide range of scales and 
environmental conditions across the globe [7]. A review of advances 
in the use of the SWAT model has been performed by Krishnan et al. 
[8] while Gassman et al. [7] outlines the history and developments of
the model. For example, a national scale model, the Hydrologic Unit
Model for the United States (HUMUS) used SWAT to analyze the
effect of management scenarios on the water quality and quantity. It is
being used to perform Total Maximum Daily Load (TMDL) analyses,
which must be performed for impaired waters by different states as
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mandated by the 1972 U.S. Clean Water Act [9]. It has been used to 
perform macro-scale assessments on watersheds such as the Upper 
Mississippi river basin. Regarding climate change, SWAT has been 
used together with other models to quantify the impacts of climate 
change for different watersheds within the Climate Hydrochemistry 
and Economics of Surface-water systems (CHESS) project [7].

One fundamental advantage of SWAT is its ability to model un-
gauged or poorly gauged watersheds [10]. This makes it attractive for 
use in developing countries where there is inadequate infrastructure to 
measure required inputs for hydrologic modeling. 

Many studies have been performed regarding the application 
of SWAT in Africa. Abaho et al. [11] used an uncalibrated SWAT 
model to evaluate the impacts of climate change on flow discharge and 
groundwater recharge in the Sezibwa catchment in Uganda. A 47% 
increase in average flow rate and up to a 40% increase in recharge was 
observed for the period of 2070-2100. However, there are high levels 
of uncertainty associated with the model predictions and climate 
change scenarios that should be evaluated in future studies. Another 
uncalibrated SWAT model evaluation was performed by Mulungu 
and Munishi [12]. They reported the model’s inability to adequately 
estimate peak flows. However, since the model was not calibrated, the 
results are not reliable. 

Ndomba et al. [13] determined SWAT applicability to a wetland 
catchment in Rwanda based on daily flow calibration. However, the 
results showed poor model performance in capturing high flow rates 
(greater than 3 cms) and peak flows during the calibration period, 
while significantly under-predicting at the end of the validation period. 
Nyeko [14] used SWAT to evaluate the impact of landuse change on 
water resources in a large watershed (12,225 km2) in Uganda. The 
model was calibrated on a monthly basis; however, the results showed 
the SWAT model is incapable of capturing peak flows on a daily basis. 
Another large scale SWAT study by Melesse et al. [15] showed the 
significant flow reduction (46%) can be expected if rainfall volume is 
reduced by 20%. However, daily flow prediction was not compared. 
Similarly, successful SWAT applications in tropical watersheds were 
reported [16-18]. However, model performance on daily time-step was 
not evaluated.

The SWAT model was used in Africa to model the hydrology of 
the Sondu river basin (area of 3050 km2) located in Western Kenya 
[8]. The calibrated model had a Nash-Sutcliffe Efficiency (NSE) of only 
0.10 and because it was the first step in the application of SWAT to 
African basins itsresults were considered as only preliminary [8]. Other 
applications of SWAT to different catchments in East Africa have been 
attempted with varying levels of success. Ndomba et al. [19] validated 
the application of the SWAT model in the Pangani river basin in north 
eastern Tanzania. Their study resulted in a calibrated model with a 
NSE of 0.54 for daily and 0.65 for monthly flows which was considered 
satisfactory. This study suggested that the SWAT model could be used 
in un-gauged, data scarce catchments for identifying hydrological 
controlling factors/parameters. Birhanu [20] used SWAT to model the 
Kihansi river basin (area of 581 km2) in south central Tanzania where it 
was observed that prediction efficiency of the model could be improved 
by increasing the spatial and temporal scale of the data used. In Uganda, 
Kingston and Taylor [21] used SWAT to model the river Mitano basin 
in the South western part of the country. The resultant NSE for the 
calibrated model was -0.09 for a monthly time step indicating that the 
model was slightly less useful than the observed long term monthly 
mean discharge [13]. A critical review of the application of SWAT in 

the upper Nile basin countries was done by Van Griensven et al. [22]. 
In this review, on the basis of performance indicators, the majority of 
SWAT models were classified as giving satisfactory to very good results. 
However, it was noted that in several cases unrealistic parameter values 
were reported. A critical finding of this review was that a comparison of 
SWAT application on the same or similar case studies but by different 
research teams and/or model versions resulted in very different 
results. These findings call for further studies and assessments on the 
application of the SWAT model to watersheds especially in the tropical 
regions of Africa.

Given the limited SWAT model application and the varying 
levels of its success in Africa there is a need for continued review and 
improvement of the use of the model to assess its performance especially 
in mountainous areas of tropical Africa. Most previous studies have 
used SWAT to model non-mountainous catchments or mountainous 
catchments at very large sizes. As no two watersheds are alike in 
their physiographic and climatologically, the results of these studies 
cannot be extended to other locations because hydrologic responses 
differ under the same drivers (rainfall, temperature, etc.).The present 
study focuses on the application of SWAT to a relatively small size, 
mountainous watershed and specifically assesses its effectiveness as a 
modelling tool in tropical watersheds. In this study the SWAT model 
is used to model the hydrology of the Manafwa river basin in eastern 
Uganda. Specifically the study focuses on assessing the effectiveness of 
the model in predicting the flows of river Manafwa.

Materials and Methods
The study area

The Manafwariver basinis located in eastern Uganda and comprises 
an area drained by the ManafwaRiver.River Manafwa has its source on 
the high points of Mt. Elgon at an elevation of 2,161 m. The River flows 
through the mountainous districts of Bududa, Manafwa andMbale 
and the low lying Butaleja where it joins with other streams to form 
the greater river Mpologoma that flows into Lake Kyoga.This river is 
part of the greater river Nile basin. The watershed studied includes the 
drainage areaof the river upstream of stream gauge No. 82212 located 
at Busiu, 34.16° E and 0.94° N (Figure 1).

The river has great socioeconomic importance to the population 
that lives within the watershed. The main socioeconomic activities 
in the basin are agriculture, agro-forestry, sand mining and stone 
quarrying. Farming is by far the primary activity. Main crops grown 
include bananas (matooke), Arabica coffee, maize, beans, onions 
and cabbages in the highland areas of Bududa and Manafwa and 
rice, maize, cotton and millet in the low lands of Mbale and Butaleja. 
Agriculture is mainly rain-fed with minimal irrigation practiced only 
at a small scale level in the low lying areas to the west. The area receives 
average annual rainfall of 1500 mm in a bimodal pattern separated 
by dry seasons during December to February and July. Temperature 
ranges from 14° to 33°C with an average of 23°C. Soil types are those 
conditioned by topography and tropical climate, namely Nitisols, 
Cambisols, Lixisols, Ferralsols, Leptosols, Gleysols, and Acrisols [23]. 
The infiltration rate is generally rapid in the top soils, allowing fast 
flow of water into the deeper horizons. Soil erosion is a major land 
degradation process and it is estimated that 75-80% of Bududa district 
is severely affected by soil erosion [24]. River Manafwa is characterized 
by high levels of sediments, pollution from uncontrolled waste disposal 
and frequent flooding and drought as seen from physical observation of 
the river. There are minimal field measurements for physical-chemical 
parameters and none for sediments on the river course. The lack of 
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hydrologic data and information complicates any effort to guide policy 
for addressing the prevailing challenges.

River Manafwa is a source for domestic water supply to the 
surrounding built up areas. In addition there are several groundwater 
boreholes installed with hand pumps supplying water to rural 
communities across the watershed. The river is the sole source of 
irrigation water to the Doho rice scheme which is located in the 
river flood plain in the low lying areas in the neighbouringButaleja 
district to the west of the watershed.Doho rice scheme together with 
the surrounding small holder rice schemes represents the largest rice 
production in Uganda, covering an area of over 20 km2.

Model set up

The SWAT model is based on the principle that a water balance is 
the driving force behind everything that happens in a watershed. The 
model simulates the occurrence of the hydrologic cycle in a watershed. 
A detailed description of the different physical processes and the 
formulations of these processes and how they relate with each other in 
a watershed are presented in Neitsch et al. [25]. The hydrologic cycle 
as simulated by SWAT is described by the water balance equation [25].

( )1
t

t o i day surf a seep gwSW SW R Q E w Q== + ∑ − − − −                 (1)

where SWt is the final soil water content (mm H2O), SWo is the 
initial soil water content on day i (mm H2O), t is the time (days), Rday is 
the amount of precipitation on day i (mm H2O), Qsurf is the amount of 
surface runoff on day i (mm H2O), Ea is the amount of evapotranspiration 
on day i (mm H2O), wseep is the amount of water entering the vadose 
zone from the soil profile on day i (mm H2O) and Qgw is the amount 
of return flow on day i (mm H2O).Each of the physical processes 
occurring in the watershed are simulated using spatial and temporal 
input data that is first classified and prepared into model-compatible 
formats. For un-gauged watersheds without measured weather input 
data and for missing data in partially gauged watersheds, SWAT has 
an inbuilt weather generator to simulate missing weather information.

For this study the model was run as an extension (ArcSWAT) on 
ArcGIS 9.3. This extension requires the designation of land use, soil, 
weather, groundwater, water use, management, soil chemistry, pond 
and stream water quality data as well as the simulation period in order 
to ensure a successful simulation [26]. 

The first step in the model setup was to delineate the watershed 
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that consists of the area drained by the river and then dividing the 
watershed into sub-basins that drain into the river tributaries. The 
sub-basins were delineated by an automatic procedure using Digital 
Elevation Model (DEM) data of eastern Uganda. The sub basins were 
then further subdivided into hydrologic response units (HRU) that 
represent homogenous land use, slope, and soil type. In total 19 sub 
basins and 108 HRUs were generated by this process. The HRUs were 
generated using a threshold value of 30% for land use, soil, and slope. 
This implied that an area could qualify to be an HRU only if the land 
use, soil type or slope category is more than 30% of the total sub basin 
area. 

Data sources and description

Input data to the model included a DEM of east Uganda, land use 
and land cover for Uganda, Soil classification and weather data. Much 
of the existing data did not adhere to the formats compatible with the 
SWAT model. This necessitated prior rigorous data preparation and 
classification which was aimed at converting input data to formats 
compatible with SWAT datasets.

Digital Elevation Model (DEM): A DEM for eastern Uganda was 
obtained from the United States Geological Surveys (USGS) website 
(http://gdex.cr.usgs.gov/gdex/). The DEM product was the Shuttle 
Radar Topography Mission (STRM 90 m) with a 90 m resolution. 
This DEM was used as input for automatic watershed delineation and 
stream generation.

Land Use/Land Cover Data: Land use and land cover data for 
Uganda were obtained from the Africover datasets of the Food 
and Agriculture Organization (FAO) of the United Nations [27] 
available at http://www.fao.org/geonetwork/srv/en/metadata.
show?id=38103&currTab=simple. Data was interpreted from the 
LANDSAT imagery (bands 4, 3, 2) acquired in the year 2001. It is 
available as a public domain spatially aggregated dataset and was 
downloaded as an ESRI Arc View shape file at a scale of 1:100,000. 
The description and classification of the land use and land cover was 
based on the FAO Land Cover Classification System’s (LCCS) standard 
description. The land cover class descriptions were used to generate the 
SWAT land cover code to be modelled for each category in the land 
use map grid.

Soil Data: Soil data was obtained from the FAO-UNESCO harmonized 
world soil database (HWSD) version 3.6,2003 [28] available at:http://www.fao.
org/geonetwork/srv/en/metadata. show? id=14116&currTab=distribution/. 
This soil dataset identifies two soil groupings in the delineated Manafwa 
watershed: Nh2-2c with Humic Nitosols as a dominant soil unit found in the 
high altitude areas and Fo47-2ab with Orthic Ferrasolsas a dominant soil unit 
found in the low lying areas. Soil properties required as input to the SWAT 
model were generated from soil characteristics of these two soil units available 
in the FAO dataset and other soil information obtained from other sources 
more specific to Eastern Uganda [23,24,28,29,30,31, and 32].

Weather Data: Daily rainfall data from three rain gauge stations- 
Bududa (ID No. 8834027), Mbale(ID No. 8834002) and Nabumali (ID 
No. 8934053) wereavailable for use. Records available were for different 
periods spanning from 1943 to 1980. Only the Bududa rain gauge is 
located within the watershed. Rainfall data were checked for consistency 
and compared with available stream flow data. Consistent data for 
rainfall and stream flow were found to be for the period 1955 to 1961. 
The Mbale weather station had the longest rainfall data record and it also 
had monthly data for temperature, dew point, wind speed and relative 
humidity that are required inputs for the SWAT weather generator. 
Monthly solar radiation records were not available and therefore solar 

radiation was estimated from monthly global solar irradiation maps 
of Uganda developed by Mubiru and Banda [33]. Rain gauge data 
was obtained from the Uganda Ministry of Water and Environment 
(MWE), Directorate of Water Resources. Additional weather data for 
Mbale used as input to the weather generator was obtained from the US 
National Oceanic and Atmospheric Administration (NOAA) archives 
available at http://gis.ncdc.noaa.gov/map/viewer/#app=cdo.

Stream flow Data: There is only one stream gauge in the watershed, 
the Manafwa river gauge (station ID 82212) located at the outlet of 
the delineated watershed at 34.16° E and 0.94° N. Daily stream flow 
records are available at this station for the period 1949 to 2011 but with 
some missing data during the period. Observed stream flow data for 
the period 1955 to 1961 was used for model calibration and validation 
because this period had available rainfall data from the three rain gauge 
stations used as precipitation input to the model.

Model calibration and validation

The first step in the calibration and validation process in SWAT 
is the determination of the most sensitive parameters for a given 
watershed [34]. This can be achieved by a sensitivity analysis. Sensitivity 
analysis is aimed at determining the rate of change of model outputs 
caused by a change of model input parameters. It is a necessary process 
to identify key parameters and parameter precision required for 
calibration [35]. An essential output of a sensitivity analysis is a ranking 
of model parameters according to how sensitive model outputs are to 
changes in the model input parameters. This ranking can guide model 
calibration because it will inform the modeller on which parameters 
to adjust during calibration. A sensitivity analysis was performed with 
and without observed data of the Manafwa river flow at the catchment 
outlet.

Model calibration is the process of estimating model parameters 
by comparing model predictions for a given set of assumed conditions 
with observed data for the same conditions [35]. Manafwa river flow 
data for 1955-1959 was use for calibration. This period was selected 
because it had the longest record without gaps (only 3.7% missing 
data) and rainfall data for this period was available for the three rain 
gauges. Calibration was performed in two steps. First auto-calibration 
was performed with the 19 most sensitive parameters as input using the 
parameter solution (Parasol) method. Model parameters were further 
improved by manual calibration using an approach suggested by 
Arnold et al. [36] and a generalized flow chart presented by Arnold et 
al. [34]. Model efficiency was evaluated by the Nash-Sutcliffe Efficiency 
(NSE) [37], the Percent Bias (PBIAS), and the Root Mean Square 
observations Standard Deviation Ratio (RSR). Model calibration was 
aimed at achieving a satisfactory model efficiency of concurrently 
having NSE ≥ 0.5, PBIAS of ± 25, and RSR of < 0.7 for a monthly time 
step as recommended by Moriasi et al. [35].

Model validation is the process of demonstrating that a given site 
specific model is capable of making sufficiently accurate simulation, 
although “sufficiently accurate” can vary based on project goals [38]. 
It involves running the calibrated model to predict outputs for a 
given period and then comparing the predicted results with observed 
data for the same period. In essence this means that observed data is 
divided into two parts, in which one part is used for calibration and 
the other for validation. Manafwa river flow data for the period 1960-
1961 collected at the outlet of the watershed was used for validation. 
Although stream flow data beyond 1961 was available, there was no 
corresponding rainfall data beyond this period. The model was only 
calibrated for stream flow due to lack of observed data for sediment 
and nutrients.

http://gis.ncdc.noaa.gov/map/viewer/#app=cdo
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Results and Discussion
Sensitivity analysis and parameter estimation

The sensitivity analysis ranked parameters in the order of most 
sensitive. The first 19 ranked parameters were used for calibration 
(Table 1). The ranking of parameters with and without observed data 
is comparable as both rankings retained the same parameters as the 19 
most important parameters. Significant differences in ranks occur in 
seven parameters; REVAPMN, SOL_Z, BLAI, GW_REVAP, CH_K2, 
CH_N2, and SURLAG. This compares well with results of Ndomba et 
al. [19] on a catchment in Pangani river basin in Tanzania.

Performing auto-calibration did not result in a reliable model. 
Therefore, manual calibration was conducted by adjusting only few 
parameters. The run off curve number (CN2) was adjusted by increasing 
it for all HRUs in intervals 10% from the initial value. The surface runoff 
lag coefficient (SURLAG) was reduced for the entire basin to 0.01. Soil 
parameters; soil available moisture (SOL_AWC), soil depth (SOL_Z) 
and saturated conductivity (SOL_K) were adjusted in multiples of 5%. 
The HRU average slope steepness was also adjusted by progressively 
reducing it by 10%. Adjusting these parameters caused significant 
improvement to model efficiency. Although groundwater parameters; 
threshold depth of water on the shallow aquifer required for return flow 
to occur (GWQMN), threshold depth of water in the shallow aquifer 
for returning to the root zone due to moisture deficit or percolation 
to the deep aquifer (REVAPMN) were ranked high in the sensitivity 
analysis, changing them did not improve the model efficiency and 
therefore they remained at the initial values. Meanwhile, the available 
water capacity of soil, which ultimately controls the surface runoff 
storage of the basin was identified as a primary contributor to stream 
flow while the contribution from groundwater flow is less significant. 
In addition, the soil depth in the watershed has been reported to be as 
high as four meters in some areas [32]. The large volume of water held 
in the soil is a likely contribution to the stream flow during the periods 
when there is no surface runoff.

Model calibration and validation procedure

For the calibration period the model efficiency (NSE) was 0.72, 
while the PBIAS was -0.49% and RSR was 0.53 for a monthly time 
interval. The monthly values for NSE, PBIAS and RSR for the validation 
period were 0.64, 20.5% and 0.60 respectively. Therefore, according to 
model evaluation a criterion introduced by Moriasi et al. [35] model 
calibration is satisfactory. Monthly average observed and simulated 
flows for the period 1956-1961 are presented in Figure 2.

Model efficiency for simulation at a daily time step is reduced in 
comparison to model performance on monthly basis. For the daily 
time step, the values for NSE, PBIAS and RSR are 0.50, 2.32% and 0.71 
respectively for the calibration period. This reduced efficiency may 
be attributed to inadequate rain gage data in the study area. Figure 3 
shows daily observed and simulated flows for the calibration period 
1956 – 1959 while Figure 4 shows the validation period (1960-1961). 
For the validation period, NSE is 0.46 for a daily time step. The daily 
model simulation (Figure 3 and 4) revealed that the calibrated model’s 
performance is limited in capturing the peak stream flow, under 
predicting peak flow events by an average of 2.6 cms. Overall average 
and median peak flow error were -19.8% and 10.8%, respectively. This 
is particularly true for the wet months of May to August when the 
observed flows are twice as much as the corresponding simulated flows 
in some years. The fact that poor model performance coincides with 
periods of high precipitation could mean that the likely cause of this is 
associated with precipitation. A similar result of failure of the model to 

capture peak flows was obtained by Ndomba et al. [19] who attributed 
the cause to errors in estimation of daily catchment rainfall. For 
mountainous catchments such as the Manafwa, stream flow is highly 
influenced by runoff and soil moisture in comparison to groundwater 
movement. It is therefore important that accurate rainfall data and 
coverage be maintained to enable efficient catchment modeling. 
Further investigation into the inability of the model to capture peak 
flows is necessary.

Rank

Parameter Description Without 
Observed Data

With observed 
Data

CN2 SCS Curve number for 
moisture condition II 1 1

CANMX Maximum canopy index 2 2

ESCO Soil evaporation compensation 
factor 3 3

GWQMN
Threshold depth of water in 

the shallow aquifer required for 
return flow to occur (mm H2O)

4 4

SOL_AWC Available water capacity of the 
soil layer (mm) 5 7

REVAPMN

Threshold depth of water in the 
shallow aquifer for "revap" or 

percolation to the deep aquifer 
to occur (mm H2O)

6 13

SOL_Z Soil depth (mm) 7 11

BLAI Maximum potential leaf area 
index 8 12

GW_REVAP Ground water "revap" 
coefficient 9 14

ALPHA_BF Baseflow alpha factor (days) 10 8

CH_K2
Effective hydraulic conductivity 
in the main channel alluvium 

(mm/hr)
11 5

SOL_K Saturated hydraulic conductivity 
(mm/hr) 12 9

SLOPE Average slope steepness 
(m/m) 13 15

CH_N2 Manning's n value for the main 
channel 14 6

GW_DELAY Groundwater delay (days) 15 16
SURLAG Surface runoff lag coefficient 16 10

EPCO Plant uptake compensation 
factor 17 17

SOL_ALB Moist soil Albedo 18 19
SLSUBBSN Average slope length (m) 19 18

Table 1: Sensitivity analysis parameter ranking.
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Figure 2: Observed and simulated average monthly flows for the period 1956 
– 1961.
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Conclusions
This study aimed at assessing the effectiveness of the SWAT 

model for predicting the flows of river Manafwa in Uganda. This 
was meant to determine whether SWAT is a suitable alternative for 
modelling mountainous data-scarce catchments in tropical Africa and 
therefore could be applicable for water resources assessments. The 
SWAT model was successfully applied to simulate the hydrology of 
the river Manafwa watershed on a monthly basis, which is confirms 
SWAT’s capability to capture monthly flow trends regardless of 
catchment characteristics and location. However, the model falls short 
of capturing peak flows when run at a daily time step. This inability of 
the model to capture peak flows that occur during the wet seasons was 
found to be the primary limiting factor for its performance. In contrast 
to non-mountainous catchments where a small number of rain gauges 
can capture rainfall pattern, for tropical mountainous regions such 

as the Manafwa catchment the accuracy of rainfall data and coverage 
has a large influence on stream flow peaks. As such, to enable model 
improvement more weather stations should be installed to capture 
microclimates within the study area.
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