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Abstract

Ngwerere and Kanakatampa Streams are the main tributaries of the Chongwe
River. The Ngwerere stream originates from the city of Lusaka and meanders
through Lusaka City and Chongwe Town for an approximate distance of 41
km before joining into the upper part of Chongwe River. The Kanakatampa
Stream is a tributary of the Chongwe River. It meanders from the Kanaka-
tampa Area for approximately 52 km before discharging into the middle of
the upper part of the Chongwe River. The Chongwe River Catchment which
is a sub-catchment of the Zambezi Basin drew the attention of researchers
and policymakers when the Chongwe River started drying up in the dry sea-
sons causing a water crisis particularly in the downstream regions of the mid-
dle catchment. Therefore, it is important from the water resources manage-
ment perspective, to assess the contribution of tributaries into the flows of the
Chongwe River. Ngwerere and Kanakatampa streams are socially, economi-
cally, and environmentally important streams for the city of Lusaka and sur-
rounding area. This study, therefore, concentrated on evaluating the flow
contribution of the two streams to the Chongwe River using the Water Eval-
uation And Planning (WEAP) tool. The streamflow data (1970-2010) rec-
orded at the Chongwe Great East Road Bridge gauging station were used in
the WEAP embedded Parameter ESTimation (PEST) auto-calibration tool to
calibrate (1970-1999) and validate (2000-2010) the model. The monthly
streamflow model calibration and validation results were assessed using the
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correlation coefficient (CC), Coefficient of determination (R?), Nash-Sutcliffe
Coefficient of Efficiency (NSE), and Percent bias (PBIAS). The model per-
formance results achieved were PBIAS of 1.24%, CC = 0.81, R* = 0.66 and
NSE = 0.62 during the calibration period and a positive PBIAS of 2.94%, CC
= 0.81, R> = 0.67 and NSE = 0.62 during the validation period. The median of
the flows (Qs,) was obtained from the historical flow duration curves (FDCs)
generated in averaged intervals of 10-year from 1970 to 2019. The results
showed that on average, the Ngwerere and Kanakatampa Streams contribute
52.8% and 29.6% respectively, to the flow of the Chongwe River in the upper
and middle Catchment. The results also showed that the contribution of the
Ngwerere and Kanakatampa Streams to the Chongwe River discharge has
been reducing historically at a rate of 0.65% per decade and 1.35% per decade
respectively over a period of 50 years (1970-2019). Suggestions for sustainable
management of the tributaries such as the Ngwerere and Kanakatampa
Streams were provided in this study.

Keywords

Ngwerere Stream, Kanakatampa Stream, Chongwe River, Zambezi Basin,
WEAP Model, Water Resource Management, PEST

1. Introduction

Water is an essential resource that is necessary for life to exist. Freshwater is
needed for farming, industrial, domestic, hydropower, recreational, and envi-
ronmental activities [1]. Lack of access to freshwater is one of the main hin-
drances to health and socio-economic development in various communities. It is
necessary to apply an integrated approach for the effective management of water
resources, which considers the environmental, ecological processes, and human
activities in the catchment. This explains the management of the multiple values
of water and reflects the impacts of decisions across the environment, politics,
science, tradition, engineering, economics, culture, and tradition. Water re-
sources issues are widely discussed throughout the world. Addressing these is-
sues requires information on the main factors that determine the hydrological
changes and their related aspects of local water resources. Assessing water re-
sources is a complex task and many factors need to be considered. Information
on the spatial and temporal distribution of water resources is of vital significance
to inform water management strategies and policies [2]. With the ever-increasing
demand for water, there is a simultaneous growing need for a comprehensive
understanding of the hydrology of river catchments [3] [4]. Tributaries often
play a very vital role in the chemical properties, species diversity, productivity,
and streamflow of rivers. The understanding of the tributaries’ contribution to
the river basins is vital for the management of water resources. The authors in
[5] evaluated the contribution of tributaries in the Mekong river basin in

South-East Asia and stated the significance of each tributary to the flows of the
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Mekong River including highlighting the factor of damming. The authors in [6]
also analyzed the effect seven tributaries on the water quality of the Spring River
in the United States of America (USA) and stated that the tributaries contributed
3.5% to 66.7% of the chemicals in Spring River. Bren [7] examined the contribu-
tion of the river Murray tributary to the flooding of the Barmar River Forest in
Australia and stated that the removal of the Murray tributary would lead to a
55% decrease in the forest flooding. Others have reported the streamflow con-
tributions of the tributaries of the Tigris river in Western Asia [8]. It is therefore
clear that tributaries have a huge impact on the waterways of the river catch-
ments.

In Zambia, river catchments serve as institutional entities that relate to the
management of water resources in a specific area. Zambia has six main river
catchments namely, Zambezi, Kafue, Luangwa, Chambeshi, Luapula, and Tan-
ganyika (Figure 1), which are legally managed by the Water Resources Man-
agement Authority (WARMA) and the Department of Water Resources Devel-
opment (DWRD) [9]. The Chongwe River Catchment which is a sub-catchment
of the Zambezi River Catchment drew the attention of researchers and policy-
makers in the year 2012 when the Chongwe River started drying up in the dry
seasons causing a water crisis especially in the downstream areas of the middle
catchment. Various studies have been conducted by other researchers in this re-
gard. Chisola & Kuraz [10] investigated the patterns and implications of hydro-
logic regime change in the upper Chongwe River Catchment and reported that
human activities in the upstream region of the catchment could be the major
contributing factors to the changes in flow regime.

The authors in [11], modelled the hydrological water balance of Chongwe
River Catchment using the Water Evaluation and Planning (WEAP) tool and
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Rivers/Streams [ Tanganyika
B Zambezi

Figure 1. Location of Ngwerere and Kanakatampa Streams in the Chongwe river catch-
ment (Modified after [11]).
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reported that the catchment received annual precipitation of 4603.12 Mm® (889
mm), experienced an annual runoff of 322 Mm® (62.3 mm), annual abstractions
of 119.78 Mm® (23.3 mm), annual evapotranspiration (ET) of 4064 Mm® (796.3
mm) and an external annual water transfer in the form of wastewater of 22.55
Mm’ (4.4 mm) via the Ngwerere stream. Tena, ef al. [12] also investigated the
impact of land use/land cover change (LULC) on the hydrological components
in Chongwe River Catchment and reported that the pattern of LULC change
between the years 1984 and 2017 affected the hydrology of the Chongwe River
Catchment. Sedimentation due to soil erosion is also one of the most important
problems in Chongwe River Catchment that directly affect the flow and perfor-
mance of reservoirs to the reduction of water storage leading to reduced lifespan
of small dams [13]. A study conducted by [13] on sedimentation and its effects
on selected small dams in the east of Lusaka City indicated that the storage ca-
pacity of small dams is decreasing due to sedimentation.

When the downstream region of the middle part of Chongwe River dries up,
one of its main tributaries; the Ngwerere Stream in the upstream region is re-
ported to have flows during such times making it a unique tributary [10]. Fur-
thermore, [11] [12] reported that the Ngwerere stream together with Kanaka-
tampa Stream are socially, economically, and environmentally important stream
for the big city of Lusaka where it originates. Little research has been conducted
on the hydrological contribution of these streams to the Chongwe River. For this
reason, this study assessed the contribution of the Ngwerere and Kanakatampa
tributaries to the hydrology of Chongwe River Catchment with the main aim of
getting a better understanding of their streamflow contribution in the catchment
and factors that influence their flows. The objective of the study was to provide
necessary future management options for the sustainable management of the

Chongwe River Catchment.

2. Methodology
2.1. Study Area

The Chongwe River Catchment (shown in Figure 1) largely covers the Chongwe
district of Lusaka province in Zambia. The catchment also covers the districts of
Lusaka, Chibombo, Kafue, and a small fraction of the Luangwa district [10]. It is
a sub-catchment of the Zambezi Catchment and covers a total area of 5150 km”.
The Chongwe River has four main tributaries namely, Ngwerere, Kanakatampa,
Chalimbana, and Luimba. The Ngwerere, (the stream of interest in this study)
originates from the city of Lusaka and meanders through Lusaka and Chongwe
for an approximate distance of 41 km before discharging into the upper part of
Chongwe River. The other tributary of interest, the Kanakatampa Stream, meand-
ers from the Kanakatampa area for approximately 52 km before discharging into
the middle of the upper part of the Chongwe River.

The climate of Chongwe River Catchment can be described as humid sub-

tropical with dry winters and hot summers, corresponding to class Cwa accord-
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ing to the Koppen-Geiger Classification, while weather conditions are accurately
described as tropical continental highland climate [14]. The Zambian Meteoro-
logical Department (ZMD), indicate that the mean annual rainfall of Chongwe
varies between 750 mm and 930 mm, the mean annual temperature is approx-
imately 20.7°C with the coldest months being June and July with an average
temperature of 16°C while the maximum monthly temperatures occur in Octo-
ber with a mean temperature of 24°C [14].

In terms of economic activities, commercial agriculture is predominant in the
upper part of the Chongwe Catchment while wildlife tourism is practiced in the
lower eastern part of the catchment in the Lower Zambezi National Park [10]
[15]. According to Nick [16], small-scale farming is also commonly practiced in
Chongwe covering an area of approximately 300 km” of the agricultural land.
The agricultural activities are predominant along the Ngwerere Stream [10].

These farm areas mainly supply the city of Lusaka with fresh vegetables.

2.2. Data Sets and Methods

In this study, the WEAP model was used to simulate streamflow time series of
the Ngwerere Stream, Kanakatampa and Chongwe River under the study scena-
rio (1970 to 2019). Flow duration curves (FDC) were generated at two (3) loca-
tions namely, Ngwerere Confluence (NC), Kanakatampa N4 and Chongwe River
Confluences (CC). Discharge at a 50% probability of exceedance (Qs,) was ob-
tained from the FDCs in 10-year intervals of 1970-1979, 1980-1989, 1990-1999,
2000-2009, and 2010-2019.

2.2.1. WEAP Model Data Inputs

The Water Evaluation and Planning (WEAP) tool, developed and supported by
the Stockholm Environment Institute (SEI), is a microcomputer tool for inte-
grated water resource planning. It provides a comprehensive, flexible, and us-
er-friendly framework for water and environment policy analysis. The WEAP
model is used to imitate the hydrological relations amongst the soils, atmos-
phere, and runoff of a river catchment. Data inputs required by WEAP to per-
form these functions include Climatic data, Land use data, soil-related parame-
ters, wastewater (WW) discharge from wastewater treatment plants (WWTPs)
and river abstraction data. The climatic data were precipitation, air temperature,
average air relative humidity (RH), wind speed, and cloudiness fraction. These
were obtained from ZMD and SASSCAL WeatherNet stations (Figure 1) for a
period from 1970 to 2019 and whose averaged monthly values are shown in
Tables 1-3, show the WW discharge and surface water abstraction data used as
input in WEAP respectively.

The Land use data used in this study were collected from the European Space
Agency Climate Change Initiative Land Cover (ESA-CCI-LC). Under this data
source, Land use is divided into seven categories. Figure 2 shows the Land use in
the base year 1970 used in the WEAP. Land use and Soil related parameters as-
sociated with the Chongwe River Catchment were selected as calibration para-

meters.
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Table 1. Averaged monthly climate values of Chongwe River catchment (1970 to 2019).

Month
Climatic data
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Average
Precipitation ~ 18.0 98.0 212.0 232.0 201.0 93.0 280 50 0.0 00 0.0 20
(mm)

Average Air
Temperature  17.8 17.7 166 146 114 87 82 103 141 174 182 18.0

Q)
Average

393 524 734 837 857 825 80.1 692 639 581 48.1 398
RH (%)

Average Wind

393 524 734 837 857 825 80.1 692 639 581 481 39.8
Speed (m/s)
Cloudiness

. 0.5 0.3 0.1 0.1 0.1 0.3 0.4 0.7 0.9 1.0 1.0 0.7
Fraction

Table 2. Wastewater discharge from the LWSC treatment plants into Ngwerere stream
(2011-2017) [11].

Mean Discharge Flow (m?/s) at Each Treatment Plant

Month Machinchi Ngwerere Ponds Chelstone Ponds Kaunda Square Ponds  Total
Jan 0.9469 0.1576 0.0185 0.0247 1.1477
Feb 0.8777 0.2075 0.0191 0.0255 1.1298
Mar 0.8625 0.1296 0.0133 0.0177 1.0231
Apr 0.8106 0.1545 0.0123 0.0164 0.9938
May 0.8130 0.0957 0.0093 0.0125 0.9305
Jun 0.7416 0.0809 0.0123 0.0164 0.8512
Jul 0.6783 0.2411 0.0078 0.0103 0.9375
Aug 0.7082 0.0984 0.0088 0.0117 0.8271
Sep 0.7191 0.1035 0.0082 0.0110 0.8418
Oct 0.6299 0.0816 0.0065 0.0086 0.7266
Nov 0.7699 0.0835 0.0071 0.0095 0.8700
Dec 0.7987 0.3045 0.0240 0.0320 1.1592

Mean flow
(m?/s) 0.7797 0.1449 0.0123 0.0164 0.9533

Table 3. Surface water abstractions in Chongwe river catchment for the years 1983-2017

[11].
Water L Livestock Eco System Total Surface
Irrigation i X
Year Supply (Mm?) Water Maintenance  water Abstraction
m

(Mm?) use (Mm?) (Mm?) (Mm?)
2016/2017 1.14 57.02 2.01 30.02 90.19
2014/2015 1.03 52.56 1.94 28.54 84.07
2003/2004 0.95 34.82 1.76 21.21 58.74
1993/1994 0.92 19.29 1.32 19.51 41.04
1983/1984 0.63 13.77 1.52 18.94 34.86
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Percentage Share of Land
=

0 e >
Agriculture Forest Grassland Wetland Urban Shrubland = Open Water
Series 1 21.3 57.1 0.9 0.2 2.1 18.4 0.1
Land use Type

Figure 2. Land use categories and percentage shares (Series 1) for the base year 1970 used
in WEAP.

2.2.2. WEAP Model Calibration

The WEAP model was calibrated and validated using the PEST auto-calibration
tool available within the WEAP tool. Five calibration parameters were selected to
determine the upper bounds, lower bounds and optimal values which were ob-
tained after the successful running of the PEST tool according to the framework
shown in Figure 3. Table 4 shows the upper bound, lower bound and optimum
value for each parameter. Measured Streamflow data (1970-2010) at the Chongwe
Great East Road Bridge gauging station (5-025) collected from WARMA were
selected for the calibration process. The Calibration period was from 1970 to
1999 while the Validation period was from 2000 to 2010. The model calibration
performance was assessed using the correlation coefficient (CC), Coefficient of
determination (R?), Nash-Sutcliffe Coefficient of Efficiency (NSE), and Percent
bias (PBIAS). The goodness of the WEAP model results was assessed using the
recommended hydrological model performance results by [17] and shown in
Table 5.

3. Results
3.1. Model Calibration and Validation Results

Figure 4 shows the variation of the observed and simulated monthly streamflow
obtained after running the PEST auto-calibration in WEAP during the calibra-
tion (1970-1999) and validation (2000-2010) periods. The results of the calibra-
tion and validation in terms of hydrological model performance measures are
described in Table 6.

3.2. Flow Duration Curves (FDCs) and Streamflow Contributions

FDCs (Figures 5(a)-(e)) were generated for 10-year periods, 1970-1979,
1980-1989, 1990-1999, 2000-2009, and 2010-2019 for the Ngwerere stream, Ka-
nakatampa stream and Chongwe river. As shown in Table 7, Q,, was obtained
from the FDCs. The contributions of the Ngwerere and Kanakatampa streams
were calculated and presented in Table 7 and Figure 6. The Table shows that the
Ngwerere Stream and Kanakatampa streams contribute an average of 52.8% and

29.6% to the streamflow of the Chongwe River, respectively. Trend analysis
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1. Select Calibration Parameters
2. Select Observation data to Calibrate to.
3. Set the Lower and Upper Bounds for Calibration Parameters
4. Run PEST Auto-Calibration tool.
5. Obtain Simulated Streamflow results.

6. Calculate hydrological model performance measures.

No Are the model performance results acceptable as per criteria
shown in Table 42

l Yes

7. Record the Optimal Value for the Calibration Pa-

Figure 3. WEAP model calibration process framework using PEST auto-calibration pro-

gram.
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Figure 4. Observed and simulated streamflow including precipitation of the chongwe
river catchment during the WEAP model calibration period (1970-2000) and validation
period (2000-2010).

Table 4. WEAP Parameters and their boundaries details used in PEST calibration of the

model.
Parameter Units Lower bound  Upper bound  Optimal Value
Root Zone Conductivity mm/month 0 999 119.88
Preferred flow direction dimensionless 0 1 0.05
Runoff resistance factor dimensionless 0 500 200
Crop Coefficient (Forest) dimensionless 0.5 2 2
Deepwater conductivity mm 100 2000 2000
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Figure 5. WEAP generated FDCs at station NC (Ngwerere stream), N4 (Kanakatampa
Stream) and CC (Chongwe river) (a) 1970-1979; (b) 1980-1989; (c) 1990-1999; (d)
2000-2009; (e) 2010-2019.
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Figure 6. Historical variation of the contribution (c) of Ngwerere stream to flows of

Chongwe River.

Table 5. Classification criteria for hydrological models [17].

Goodness-of-Fit NSE PBIAS (%) R2
Very Good (V) 0.75 < NSE < 1.00 PBIAS < £10 R2>0.75
Good (G) 0.60 < NSE <0.75 +10 < PBIAS < £15 0.70 <R2<0.75
Satisfactory (S) 0.50 < NSE < 0.60 +15 < PBIAS < £45 0.60 <R2<0.75
Unsatisfactory (U) NSE <0.50 PBIAS > +45 R2 < 0.60

Table 6. Hydrological model performance measures achieved during the calibration pe-

riod (1970-2010).

Performance measure

CC
R2
NSE
PBIAS

Performance achieved

Calibration Period

0.81

0.66

0.62
1.24%

Validation
0.81
0.67
0.62
2.94
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Table 7. The historical contribution of Ngwerere stream to the streamflow of the Chongwe

River.
Qs (m/s) % Contribution®
10-year
Interval Chongwe Ngwerere Kanakatampa Ngwerere Kanakatampa
River/CC Stream/NC N4 Stream/NC N4
1970-1979 4.147 2.262 1.377 54.545 33.205
1980-1989 4.609 2.453 1.449 53.236 31.438
1990-1999 4.847 2.534 1.312 52.282 27.068
2000-2009 4.980 2.594 1.427 52.095 27.655
2010-2019 5.140 2.666 1.433 51.874 27.879
Average (%) 52.806 29.649

*Note: % Contribution = (Q,, at (NC or N4)/Q;, at CC) x 100.

was also performed using the Mann Kendal non-parametric test to determine
the significant of the trends in the time series as well calculating the slopes. The
results of the Mann Kendal test are shown in Table 8.

4. Discussion
4.1. WEAP Model Calibration and Validation Results

Assessing the calibration and validation model results in terms of performance
measures shown in Table 5, WEAP generally overestimated the simulated
streamflow as indicated by a positive PBIAS of 1.24%, CC = 0.81, R* = 0.66 and
NSE = 0.62 during the calibration period and a positive PBIAS of 2.94%, CC =
0.81, R2 = 0.67 and NSE = 0.62 during the validation period. The overestimation
could be attributed to the presence of 46 missing data in the monthly precipita-
tion and 49 missing data in the observed monthly streamflow data during the ca-
libration period (1970-2010). The missing data were interpolated using WEAP
during the data input process. Interpolation could be one of the sources of over-
estimation. Furthermore, the overestimation could be due to the PEST au-
to-calibration software embedded in WEAP since it uses a single objective func-
tion in the calibration process. Bao et al [18] suggested the usage of other soft-
ware that use multi-objective functions such as genetic algorithm II (NSGA-II)
to improve future streamflow results. This algorithm is currently not available in
the WEAP embedded PEST auto-calibration software.

4.2. Contributions of the Ngwerere and Kanakatampa Streams to
the Flows of Chongwe River

As shown in Table 4, the Ngwerere Stream contributed 54.5%, 53.2%, 52.3%,
52.1%, and 51.1% in the consecutive 10-year periods of 1970-1979, 1980-1989,
1990-1999, 2000-2009 and 2010-2019, respectively. The average contribution
over these 50 years was found to be 52.8%. Therefore, in general terms, the
Ngwerere Stream provides more than half of the Chongwe River flows into the

upper and middle parts of the Chongwe Catchment. According to [10] and
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Table 8. Mann-Kendall trend test/two-tailed test (% Contribution).

Parameters Ngwerere Kanakatampa
S -10.000 -4.000
Z -2.205 -0.735
p-value (Two-tailed)® 0.028 <0.0001
alpha 0.050 0.050
Sen’s Slope —0.648 -1.345
Y-Intercept 54.751 33.679

b. An approximation has been used to compute the p-value.

visual inspection, there is a small continuous flow of the Chongwe River in the
upper and middle regions of the Catchment in dry seasons and this is due to the
continuous flow of wastewater discharged into the Ngwerere Stream from the
seven (7) wastewater treatment plants (WWTPs) in the city of Lusaka. This
could explain the reason as to why the Chongwe River does not dry up in these
regions during the dry seasons until the water is impounded by downstream
commercial and small-scale farmers in the upper and middle part of Chongwe
River Catchment. The Kanakatampa stream is also of significant importance to
the flows of Chongwe river as it contributes an estimated 30% to the flows of the
River in the middle part of the catchment.

Trend analysis of the historical contribution of both the Ngwerere and the
Kanakatampa streams to the flows of the Chongwe River (Figure 6) showed that
the contribution of the two streams had been reducing at an average rate of
0.65% and 1.35% per 10-year period respectively. The Mann Kendal test per-
formed on during the trend analysis showed that these decreasing trends were
significant as the calculated p-values were less than alpha (0.050). The significant
decreasing rates could be attributed to the following factors:

1) The increase in irrigated area around Ngwerere Stream: Tena et al [12]
showed that the irrigated area in Chongwe Catchment is increasing at a rate of
1.70 km*/annum. Therefore, more water is continuously being withdrawn by the
farmers along the Ngwerere stream, thereby reducing the flows into the Chongwe
River.

2) Reduced efficiency of WWTWs in Lusaka: According to [19], the two con-
ventional WWTWs in Lusaka were in poor conditions and were no longer oper-
ating at their optimum design discharge. Furthermore, the remaining five
non-conventional stabilization ponds were not being disludged since the time of
their construction thereby resulting in excess sludge accumulation which con-
sequently reduced their volumetric capacity and efficiency [19]. These factors
subsequently resulted in the reduction of treated wastewater discharged into the
Ngwerere Stream.

3) Decreasing rainfall trend: The historical rainfall trend line of Chongwe
catchment shows a decreasing rate. This decreasing rate has also been reported

by [10] and [12]. Streamflow responds largely to rainfall patterns both in terms
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of runoff and baseflow. The reduction in rainfall could be attributed to the sig-
nificant increase in urban land at the expense of forest land. Charcoal burning
which is very common in the rural areas of Chongwe could also be the reason.

4) The decrease in baseflow: The increase in urbanization or built-up area in-
creases the runoff coefficients which reduces baseflow and subsequently increas-
es runoff. While the runoff results in high flows during rainy times, baseflow
remains the main source of the continuous flow of streams both in wet and dry
seasons [20]. Tena et al [12] reported that the built-up area in Chongwe has
been increasing at a rate of 6.97 km* per annum. Therefore, baseflow and con-
sequently streamflow contribution of the Ngwerere stream is expected to con-
tinue decreasing with the ever-growing urbanization in the cities of Chongwe

and Lusaka.

5. Conclusions and Management Options

5.1. Conclusions

This study presented a simplified process of assessing the streamflow contribu-
tion of the Ngwerere Stream to the streamflow of the Chongwe River as part of
the hydrological study of the water-stressed Chongwe River Catchment in Zam-
bia. The study revealed that the Ngwerere streamflow generally contributes more
than half of the flows of the Chongwe River considering the median flows (Qs,)
obtained from the FDCs over the 50 years. The study also revealed that the con-
tribution of the Ngwerere Stream to the flows of the Chongwe River has been
historically reducing at a rate of 0.648% per 10 year period and this is expected
to continue reducing with the ever-growing urbanization in the cities of Lusaka
and Chongwe. The results of this study were found to be in line with the findings
of other studies conducted in the Chongwe River Catchment by authors in [10]
[11] [12] [19].

WEAP model was used in this study to simulate the historical streamflow of
the Ngwerere and Kanakatampa Streams just before the confluences with the
Chongwe River as well as flows of the Chongwe main River. The results of
WEAP in terms of calibration and validation performance measures showed a
PBIAS of 1.24%, CC = 0.81, R2 = 0.66 and NSE = 0.62 during the calibration pe-
riod and a positive PBIAS of 2.94%, CC = 0.81, R2 = 0.67 and NSE = 0.62 during
the validation period. These results indicate that WEAP is a good tool that can
be used for the hydrological modelling of our study area and other similar river

catchments in Zambia and other parts of the globe.

5.2. Management Options

The rainfall and observed streamflow data used in the study had missing data
that were interpolated by WEAP. This could have been the reason for the gener-
al overestimation of the simulated streamflow by the WEAP model. It is sug-
gested that in future studies, a detailed missing data interpolation process should

be conducted before the WEAP data inputting process to improve the accuracy
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of the results. In the same line, it is suggested that other sources of accurate cli-
matic data in the Chongwe River Catchment should be investigated.

The results of this study show that the significant contribution of the Ngwe-
rere Stream to the flows of the Chongwe River has been reducing historically.
This calls for catchment management practices that will maintain and improve
the significant contribution of the Ngwerere stream to the flows of Chongwe
River and subsequently reduce the chances of the Chongwe River from expe-
riencing little or no flows in the downstream. Based on some of the reasons
identified in this study, as causes of the reduction in the Ngwerere Streamflow,
the recommended practices may include: 1) regulated withdraw of water from
the Ngwerere Stream by the increasing numbers of farmers, 2) cleaning and
maintaining the wastewater treatment plants in the city of Lusaka to increase
their capacity and subsequently the discharge to the Ngwerere Stream, and 3)
implementing appropriate catchment management options and protection of the
source of the tributary streams which can increase baseflow. Management rec-
ommendations made by the authors in [10] [11] [12] [19] should also be put in
place. Furthermore, poor catchment management of the upper part of the Chongwe
River Catchment is the main contributor to the land and water degradation,
poor water use efficiency, and productivity. It is also important to regularly
monitor the water quality of effluents before discharging into the stream based
on the environmental management standards. Catchment water resources pro-
tection and management are some of the key solutions to conserve natural re-
sources and to attain sustainable socio-economic development in the catchment.
An appropriate catchment protection measures such as plantation and conserva-
tion of vegetation, constructing recharge ponds, and protection of the recharge
area can play an important role in improving the interactions between surface
water and groundwater system. The catchment protection and management
measures should focus on the tributaries of Chongwe River, such as Ngwerere

and Kanakatampa Stream.
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