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ABSTRACT

The aim of this study was to quantify the upstream land-use and landcover changes and assess their effect on Ruti Dam levels
and water availability in Nyazvidzi catchment. Remote-sensing techniques, hydrologic modelling and statistical inference
were applied. Spatial landcover dynamics were derived from Landsat satellite data for the years 1984, 1990, 1993, 1996, 2003,
2008, and 2013 using the maximum likelihood classification technique. Results showed that forests and shrubs decreased by
36% between 1984 and 2013 whilst cultivated areas increased by 13% over the same period. The HEC-HMS rainfall-runoff
model was used to simulate steamflow for the Nyazvidzi catchment, Zimbabwe. For the calibration period (2000–2001), a
satisfactory Nash–Sutcliffe efficiency (NSE) model peformance of 0.71 and relative volume error (RV E) of 10% were obtained.
Model validation (1995—1997) gave a NSE of 0.61 and RVE of 12%. We applied the Mann-Kendall trend test to assess for
monotonic trends in runoff over the study period and the results showed that there were significant decreases in observed
runoff at Station E140 (monthly time scale) and at Stations E62 and E140 (seasonal time scale). Results showed that the wet
season (Nov–Feb) had higher mean water balance values with an excess runoff of 8.12 mm/month. The dry season (April—
Sept) had lower mean water balance values, with the lowest at 0.04 mm/month. Strong positive relationships (r2) between
dam levels and land-use changes were obtained as follows: bare (0.95), cultivation (0.76) and forests (0.98). The relationship
between runoff generated and land-use changes was found to be relatively weaker (0.54 for forests, 0.51 for bare and 0.14 for
cultivation). Findings of this study underscore the relevance of applying hydrological models, remote sensing and statistical
inference in quantifying and detecting environmental changes, as well as how they affect the availability and the quality of
water resources in space and time.

Keywords: HEC-HMS, land-use, landcover, Mann-Kendall, Nyazvidzi, remote sensing, Ruti Dam

INTRODUCTION
Land-use change, potentially, has significant impacts on
catchment hydrologic and ecological processes (Chen et al.,
2009; Wijesekara et al., 2012) over a range of temporal and
spatial scales. As such, obtaining land-use change information
in hydrological catchments is very important for land-use
planning and integrated water resource management (Cihlar et
al., 2005). This is because any slight modification of landcover
can affect runoff generation and flow patterns through the
modification of interception, infiltration, overland flow and
evaporation processes (Hundecha et al., 2004; Vivoni, 2007).
Better assessment and understanding of land-use change impacts
on catchment hydrologic processes also helps in predicting the
availability of already scarce water resources in arid and semiarid regions. This is a critical issue in catchment planning and
management (Chen, Xu 2009; Wang et al., 2007), in order to meet
the various competing and often conflicting water demands.
The use of water for agricultural production from smallscale reservoirs in water-scarce regions requires innovative
and sustainable research, proper management and equitable
allocation of the resource (Mufute et al., 2008). In semi-arid
regions, many small reservoirs capture surface runoff during
the rainy season in order to make water available during the
dry season. For the local population, reservoirs are important
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water sources, as they help them cope with droughts (Onema
et al., 2006). However, meeting increasing demands on limited
water resources is complicated in catchments undergoing
environmental changes, such as land-use and landcover
change (LULCC). The challenge of managing such scarce water
resources in catchments undergoing LULCC and uncontrolled
population growth is further compromised by the unavailability
of hydro-meteorological data. Sometimes, where the data
are available, the data have long gaps that make it difficult
to make critical decisions and perform analyses that can aid
well-informed water resource planning and management.
At a catchment scale, such impacts affect hydrological
processes which, in turn, significantly influence the ecosystem,
environment and local economy (Ali et al., 2010).
In Zimbabwe, the Nyazvidzi catchment where the Ruti
Dam is situated is undergoing environmental changes, the
impacts of which are not yet fully understood. The Ruti Dam
provides water for primarily sustaining sugar irrigation
plantations in the Lowveld, although recently a small-scale
irrigation scheme has been commissioned around the dam.
The new scheme supports 120 families, with an area of 60 ha.
The catchment is no exception to the challenges of LULCC
and its impact on water availability in and around the dam.
However, to the best of our knowledge, little is known about
LULCC changes in the Nyazvidzi catchment and their relation
to runoff generation, the water balance of the Ruti Dam
and yield. In this study area, irrigation water demands and
upstream LULCC could be influencing the variation in water
availability in and around the dam. So far, only a few studies
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in Zimbabwe have assessed impacts of LULCC on catchment
hydrology (Lorup and Mazvimavi, 1998; Dube 2014).
However, none of these studies have performed a detailed
characterization and quantification of historical LULCC
and their impact on the availability of water resources at
catchment scale. Some of the studies in Zimbabwe have relied
on the use of rudimentary methods to assess the impacts of
land conversion on runoff generation and water availability.
General surveys and field-based assessments, statistical
techniques and hydrological model simulations have been
used (Lørup et al., 1998), but these methods are limited,
without remote-sensing data for characterization of land-use/
landcover change.
Geographical information systems (GIS) and remote
sensing (RS) technologies can be a viable tool to quantify
historical land conversions over space and time. Nowadays
satellite-based hydro-meteorological data such as rainfall,
temperature and evapotranspiration, can be quantified over
gauged and ungauged catchments and these can be used as
forcings to hydrological models. Alternative methods have
been developed in recent years which provide rapidly available
hydrological data over large areas based on remote-sensing
techniques. Satellite data can be used to: derive terrain
parameters using freely available elevation data (Maathuis and
Wang, 2006; Gumindoga et al., 2011), estimate soil moisture
(Horváth, 2002; Meier et al., 2011), estimate rainfall (Habib
et al., 2012; Haile et al., 2013), quantify evapotranspiration
(Rwasoka et al., 2011; Rientjes et al., 2013) and determine
landcover parameters (Dube et al., 2014; Gumindoga et al.,
2014a; Gumindoga et al., 2014b).
Therefore, the objective of this study was to quantify
upstream land-use and landcover changes affecting water
availability in the Nyazvidzi catchment and Ruti Dam
using remote-sensing techniques. Specifically, this research:
(i) quantified the historical changes in land-use and

landcover change in the Nyazvidzi catchment, (ii) analysed
hydrometeorological trends in the catchment, (iii) modelled
streamflow for the downstream Nyazvidzi outlet and (iv)
related the changes in land-use and landcover to the dam
volume and flows.

STUDY AREA
The Nyazvidzi catchment is located between the Runde and
Lower Save catchments. The main river is the Nyazvidzi River,
which is a tributary of the Save River (Fig. 1). Rainfall over
the catchment is fairly scarce, with an average of 600 mm/
yr (Muyambo and Lacroix, 2004), and is distributed over one
rainy season that extends from November to March of the
following year. The temperature range is ~10°C, with a mean
monthly maximum of 24°C and a minimum of 14°C. The
Upper Nyazvidzi catchment is dominated by red loam soils,
while the lower catchment is dominated by loose alluvial
soils. The catchment is covered by grassland vegetation,
sparse forests and shrubs, and most of the area is cultivated.
The Nyazvidzi catchment is subject to: seasonal droughts,
prolonged mid-season dry spells and at times an unreliable
commencement of the rainy season. Irrigation thus plays
an important role in sustaining crop production, with the
utilization of Ruti Dam (Fig. 1), which supplies water to Ruti
Irrigation Scheme. The dam has a full supply capacity of 127
x 106 m3, and was constructed in 1976. In the year 2000, the
embankment of the dam was raised by 1.6 m, increasing the
capacity of the dam to 151.6 x 106 m3. The resulting increase
in capacity (24.7 x 106 m3 from 125.9 x 106 m3 to 151.6 x 106 m3)
enhanced the useable yield by 6.9 x 106 m3 at the 10 % risk
level (Muyambo et al., 2003). Based on current planning and
allocation procedures, 36 x 106 m3 is committed to downstream
Chisumbanje Sugarcane Irrigation schemes and 0.9 x 106 m3 is
used for irrigation by local farmers.

Figure 1
Location of the study site
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MATERIALS AND METHODS
Data availability
Image acquisition and pre-processing
Cloud-free Landsat images used for the detection of
landcover changes, were sourced from the online Landsat
data archive (http://glovis.usgs.gov/). The images were
downloaded for the June–September period which coincides
with the cool dry season of Zimbabwe. Landsat MSS, TM
and ETM (30 m resolution) images for the period 1984–2011
were downloaded and used for digital image classification in
the Integrated Land and Water Information System (ILWIS)
software. A total of 250 ground control points (GCPs) were
collected using a global positioning system (GPS). This
study made use of multispectral pseudo-natural colour
band combinations of 5, 4 and 3 (Landsat 7) and 6, 5, and
4 (Landsat 8). The pseudo-natural colour combination is
considered the best band combination for landcover activity
detection (Calera Belmonte et al., 1999). The wavelength
ranges and usage are shown in Table 1. The images were
processed in the ILWIS software.
The selection of a sufficient number of representative
training sample plots for each class is critical in image
classification (Foody et al., 2004; Lu et al., 2004). A total of 102
training sample plots were selected. The maximum likelihood
classifier (MLC), algorithm which is a parametric classifier
that assumes normal or near-normal distribution for each
feature of interest, was used to classify the Landsat TM images
into thematic maps. The MLC is based on the probability that
a pixel belongs to a particular class, taking the variability of
classes into account by using the covariance matrix (Shalaby
and Tateishi, 2007). Table 2 provides a description of the classes
used in this study.

Table 1
Landsat Thematic Mapper (TM) image bands used
Band

Spectral (µm)

Spectral

Use

3

0.63–0.69

Visible

Water absorption

4

0.76–0.90

Near-infrared

Vegetation

5

1.55–1.75

Mid-infrared

Soil humidity

6

2.08–2.350

Mid-infrared

Geological features

The accuracy of the classification was assessed using ground
control points. An average of 40 ground control points were taken
for each land-use and landcover class that is either grassland,
water, bare areas and cultivated land, using a GPS receiver. The
ground control points were used to draw up a confusion matrix,
from which the percentage accuracy levels were derived. The
ground control points were compared to corresponding points on
the classified maps is establishing the confusion matrix.
Hydrometeorological data
Discharge data were obtained from the Zimbabwe National
Water Authority (ZINWA) for the E118, E62, E140 and E174
gauging stations for the period 1992–2006. Meteorological
data that included daily rainfall and temperature for the
period 1991 to 2012 was provided by the Meteorological
Services Department of Zimbabwe. The daily areal rainfall
of Nyazvidzi catchment was estimated using the Thiessen
polygon method. Station Thiessen weights as calculated in
ILWIS software were as follows: Chivhu 0.42, Makoholi 0.24,
ZINWA (Ruti Dam) 0.34.
Trends in hydrometeorological data
The Mann-Kendall test
The Mann-Kendall trend test was used to test for the presence of
monotonic trends (p < 0.05) in rainfall, temperature and runoff
data. The tests were carried out at 5% level of significance. The
major variables for test interpretation were the p-value and the
Sen’s slope. The test statistic, S, is estimated using the formula:

			

(1)
				

where
δs = Standard deviation
n = Number of data sets
Yj and Yi = Data values in consecutive periods
				1 if Yj − Yi > 0
sgn (Yj − Yi) = 0 if Yj − Yi = 0
				−1 if Yj − Yi < 0
A positive sgn value in Eq. 2 indicates an increasing trend in the
data, whilst a negative sgn value represents a decreasing trend
(Mann, 1945; Kendall, 1975).
Rainfall-runoff simulation

Table 2
Description of the landcover classes used in the study
Class

Description

Water

Area occupied by water such as rivers
and dams

Bare

Area not put to use

Cultivated

Area used for farming

Forest and shrubs

Area covered with sparse to dense
woody species such as shrubs and trees

Settlement

Area covered by structures such as
buildings

Grass

Area predominately covered with grass
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In order to estimate runoff from both the gauged and the
ungauged catchments, a rainfall-runoff model (HEC-HMS)
was used to simulate flows. However, before using the model,
input parameters had to be estimated from fieldwork data and
parameter transfer from the nearby gauged catchment to the
ungauged catchments following Gumindoga et al. (2016).
Catchment parameter comparison
To provide a sound hydrological basis for transferring the
validation parameters from Upper Nyazvidzi (gauged) to the
ungauged lower Nyazvidzi catchment, a similarity in catchment
hydrological response needed to be established. This was done
through comparison of the physical catchment characteristics
based on data obtained from the hydro-processing of a
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digital elevation map (DEM) of the study area in a GIS. The
DEM hydro-processing yielded the catchment area, drainage
network, drainage density, upstream and downstream elevation,
catchment perimeter, and longest flow length and catchment
outlets. Therefore, an advanced space-borne thermal emission
radiometer (ASTER) DEM of 30 m resolution covering the study
area was retrieved free of charge from the website of the Global
Aster GDEM (http://www.gdem.aster.ersdac.or.jp/). Rainfall data
from 3 different stations in the study area were also compared to
see if they varied significantly over the catchment.
After conducting the physical parameter comparison, the
HEC-HMS model was then used to simulate flows based on
inputs of rainfall, catchment area, lag time, peaking coefficient
and runoff coefficient. The HEC-HMS model was selected
because it has the Snyder unit hydrograph transformation subroutine specifically for ungauged catchments, making it ideal
for use in this study (Sreenivasulu and Bhaskar, 2010).
Transformation methods
Transformation methods control the time of concentration
of water into the river channel. The Snyder unit hydrograph
developed in 1938 was used (Snyder, 1938; USACE, 2008) to
calculate catchment lag and the runoff coefficient based on the
rational method.
Qp = 0.28 CIA
where
QP =
C =
I
=
A =
0.28 =

(2)

Peak discharge (m3/s)
Runoff coefficient
Rainfall intensity (mm/h)
Catchment area (km2)
Conversion factor

where:
Qo = observed discharge (m3/s)
Qm = modelled discharge (m3/s)
Qot = observed discharge at time t (m3/s)
NSE values range from −∞ to 1. An efficiency of 1 (E = 1)
corresponds to a perfect match of modelled discharge to the
observed data. An efficiency of 0 (E = 0) indicates that the
model predictions are as accurate as the mean of the observed
data, whereas an efficiency less than zero (E < 0) occurs when
the observed mean is a better predictor than the model or,
in other words, when the residual variance (described by the
numerator in the expression above), is larger than the data
variance (described by the denominator).
The second performance measure, RVE was used for
quantifying the volume errors. RVE can vary between +∞ and
−∞ but performs best when a value of 0 is generated, since no
difference between simulated and observed discharge occurs
(Janssen and Heuberger, 1995). An RVE between + 5% or − 5%
indicates that a model performs well, while an RVE between
+5% and +10% and −5% and −10% indicate a model with
reasonable performance.

Water balance for Nyazvidzi catchment

The catchment lag time tp was calculated using Eq.4:
(3)

where
tp = Basin lag time (h)
C = Conversation constant of 0.75
Ct = Runoff coefficient from gauged catchment
L = Longest channel from outlet (km)
L c =	Length of the main stream from the outlet to the
catchment centroid (km)
L and L c were calculated from the DEM hydro-processing
procedure.
Meteorological model for HEC-HMS
Thiessen method, area-averaged daily rainfall for the years
1992–2012, mean monthly evaporation and gauge weights of
the three rainfall stations were used as input for the HEC-HMS
meteorological model. The Penman-Monteith method was used
for estimating daily evaporation (2001–2003). The meteorological
stations that were used were Chivhu, Makoholi and Ruti (ZINWA).
Assessing model efficiency
In this study, two model performance indicators were used,
namely, the Nash–Sutcliffe efficiency coefficient (NSE) and the
relative volume error (RVE).
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(4)

(5)

Catchment time lag

tp = CCt(LL c)0.3

The NSE was used to assess the predictive power of rainfallrunoff model (Nash and Sutcliffe, 1970). It is defined as:

The long-term monthly annual water balance for Nyazvidzi
catchment for the period 1922–2013 was calculated by
subtracting the HEC-HMS model-simulated losses from the
precipitation. The computations were done for each month.
The long-term water balance was determined as precipitation
minus evaporation (P−E). In this study, it was formulated as
precipitation minus losses using HEC-HMS model output.
Relationship between landcover changes vs. dam levels
and simulated flows
The relationships amongst Ruti Dam levels, Nyazvidzi simulated
discharge and LULCC for the period 1984–2013 were assessed
using linear regression, with a focus on the r-square values and
correlation coefficient. The analysis was performed by taking
average yearly flows for 3 years surrounding the year of Landsat
image acquisition following Gumindoga et al. (2014a) and
Gumindoga et al. (2014b). For example, the area occupied by
different landcover classes for the 1993 image was related to the
average flow for 1992–1994. This was also done for the dam levels.

RESULTS AND DISCUSSION
Land-use/landcover variation in the Nyazvidzi catchment
Results of digital image classification showed that most of
Nyazvidzi catchment is characterised by cultivated land,
and bare fields, with scarce forest and shrub lands. Figure 2
a-e shows temporal variations of land-use and landcover in
Nyazvidzi catchment from 1994 to 2013.
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It can be observed that forests and shrubs were
concentrated in the central part of the catchment. This is
because this area consists of commercial farming areas. Bare
land is also dominant in the northern and south-western part
of the catchment. It can also be observed that cultivated land
is concentrated in the south-eastern and north-western parts
of the catchment. Cultivation activities could be influenced by
the communal areas that are dominant in the respective areas.
Table 3 shows the absolute and percentage areas occupied by
each landcover class.
Results show that forests and shrubs decreased from an
area of 411.5 km2 in 1984 to 263.0 km2 in 2013. This could be
attributed to the increase in population in the rural districts of
Gutu and Buhera from 1992–2012, which also has fuelled the
demand for firewood as an energy source, causing deforestation
of forests and shrubs (ZimStat, 2012a). This is supported by
the fact that in Gutu and Buhera administrative districts that
cover Nyazvidzi catchment, 90% and 94% of the households,
respectively, use firewood as the main energy source for
cooking (ZimStat , 2012b; ZimStat, 2012c). Population increases
for Gutu and Buhera districts for the period 2002–2012 were 3
and 12%, respectively.
Table 3 also shows that the cultivated area increased from
1 105 km2 to 1 247 km2, although the change is not as large
as the change in forest and shrubs. The Nyazvidzi catchment
receives average annual rainfall of between 400 and 600 mm
(Muyambo and Lacroix, 2004), and therefore the cultivated
area is expected not to change significantly since this is a semiarid area. In fact, the increase in cultivated area corresponds
to changes in forest area. There is also an increase in grassland
area from 528.65 km2 in 1984 to 804.7 km2 in 2011. This could
be the result of the decrease in forest and shrubs. Water areas
also increased over time. This can be partly explained by the
raising of the Ruti Dam wall in the year 2000. The wall was
raised by 1.6 m, which increased the capacity of the dam by
24.7 × 106 m3 from 125.9 × 106 m3 to 151.6 × 106 m3.
Validation results
The error or confusion matrix was used to quantify the level
of accuracy in image classification. The confusion matrix
was derived from the classfied map and field data in accuracy
assessment. As shown in Table 4, accuracy (producer’s
accuracy) and reliability (user’s accuracy) are above 65% which
shows that the classification was satisfactory. Grassland (G)
and cultivated (CD) were the most difficult landcover classes to
classify, as shown by only 57.1% of the groundtruthed grassland

and cultivated pixels appearing as grassland and cultivated in
the image. The most reliable class was water (100%), meaning
that 100% of the water pixels on the classified image actually
represent water on the ground. The second most relaible class
was forest & shrubs (76.5 %).
Trend analysis test on observed runoff
Table 5 shows the results of the Mann-Kendall trend test for
observed runoff for 3 stations in the catchment at monthly,
seasonal and annual scales. At the monthly time scale, there
is a decline in runoff at Stations E62 and E140. The decline is
statistically significant (p < 0.05) at E140 only. At an annual
scale, E62 and E118 show an increase in flows. The increasing
trends are not significant at all stations. At a seasonal timescale,
there are statistically significant decreasing trends in runoff at
E62 and E140.
Results of runoff simulation using HEC-HMS for the Upper
Nyazvidzi sub-catchment
Table 6 shows the model NSE and RVE values obtained at
different stages during modelling runs. Only 5 runs were selected
for the purposes of tabulation (Table 5). At least 62 runs were
done during calibration of the model. Table 6 shows some of the
simulation runs and parameter adjustments made so as to obtain
favourable results for parameters to be used for validation and
eventually simulating flow into Ruti Dam. Parameters shown in
Table 5 on calibration gave a satisfactory NSE value of 0.7 and
RVE of 19%. These parameters were used to model streamflow
into Ruti Dam. The relatively high RVE value was mainly due to a
lag delay of the model on simulating the flow.
The model was calibrated with discharge for the period 2000
to 2001 from the Upper Nyazvidzi catchment. Figure 3 shows
that the model gave a positive NSE of 0.71, which is close to 1. This
indicates a good fit between observed and modelled flow data.
After calibration, the model was then validated for the period
1995 to 1997. The model gave a better performance
(Fig. 4) resulting in a relative error of 12% and a Nash–Sutcliffe
model efficiency coefficient of 0.61. NSE values range from
−∞ to 1. Therefore the model perfomance for the Upper
Nyazvidzi sub-catchment in the validation period is satisfactory.
Water balance for Nyazvidzi catchment
Long-term runoff simulation for the combined gauged (Upper
Nyazvidzi) and ungauged catchments (Lower Nyazvidzi) was

Table 3
Results of temporal variation of area and class
Class

km
Bare

2

1984

1993

2003

2008

Area

Area

Area

Area

%

km

2

%

km

2

%

km

2

2013
Area

%

km

2

522.7

20.3

438.9

17.1

291.8

11.3

244.6

9.5

1 105.2

43.0

1 242.7

48.3

1 209.3

47.0

1 211.3

47.1

Forest & Shrub

411.5

16.0

374.3

14.5

309.8

12.0

292.1

11.4

262.9

10.2

Grass

528.7

20.5

506.6

19.7

747.7

29.1

811

31.5

804.7

31.3

Water

4.9

0.2

10.6

0.4

14.4

0.6

14

0.5

13.6

0.5

100.0

2573

100.0

Cultivated

Total

2 573

100.0

2 573
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100.0

2573

244.7

%

1 247

2 573

9.5
48.5

100.0
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Figure 2
Landcover changes for a) 1984, b) 1993, c) 2003 d) 1998 and e) 2013

carried out for the 1922–2013 period. Table 7 shows the longterm monthly annual water balance for Nyazvidzi catchment
for the period 1922–2013, aggregated from daily timestep
HEC-HMS simulations. The long-term water balance was
determined as precipitation minus loss. Results show that the
wet season (Nov–Feb) has higher mean water balance values
with an excess runoff as high as 8.12 mm/month. The dry
season (April-Sept) has lower mean water balance values, with
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the lowest at 0.04 mm/month. The standard deviation (SD) is
also higher in the wet season than in the dry season, reflecting
the higher variability of the water balance in the wet months.
The coefficient of variation (CV) is comparatively higher
in the dry months than the wet months. For example, CV
(%) is 199% in Sept and only 61% in November. This means
that there is better reliability during the wet season than
during the dry months. September has the highest CV which

141

Table 4
Confusion matrix for validation of the classified map
BE

CD

W

FS

Producer’s
accuracy

G

Bare (BE)

15

2

0

0

3

75

Cultivated (CD)

2

12

0

2

5

57.1

Water (W)

0

0

20

0

0

100

Forest and shrub (FS)

1

2

0

13

4

65

Grass (G)

2

5

0

2

12

57.1

User’s accuracy

75

57.1

100

76.5

50

72

Average accuracy

71.7%

Overall accuracy

69.3%

Table 5
Results of Mann-Kendall trend test on runoff

Kendall’s tau

E62
Monthly

E62

E62

E118
Annual

Seasonal

E140
Monthly

E140
Annual

E140

Seasonal

E118
Monthly

E118

Annual

–0.012

0.042

–0.008

0.084

0.101

0.097

–0.312

–0.39

–0.353

Seasonal

S

–14.11

32

–76

9 677

90

902

–11 885

–106

–1 057

Var (S)

1.2 × 107

7.3 × 103

-

1.2 × 107

9.1 × 103

-

7.5 × 106

1.6 × 103

-

p-value (Two tailed)

0.688

0.717

0.872

0.006

0.351

0.034

< 0.001

0.009

–0.0001

Sen’s slope

-50

0.011

0.01

0.004

0.012

0.037

–50.5

–0.017

0

Confidence interval

–1.19

–7.74

-

–1.61

–12.7

-

–0.08

–0.37

–0.012

Table 6
NSE and RVE values
Parameter

Calibration

Validation

Run 1

Run 2

Run 3

Run 4

Run 5

Muskingum X

0.5

0.5

0.3

0.2

0.3

0.2

0.3

Muskingum K (h)

4.8

4.8

4.8

3

2

4

4.8

Initial deficit (mm)

90

90

90

90

90

120

100

Maximum deficit (mm)

230

230

230

230

200

180

210

Constant rate (mm/h)

19

19

19

19

19

30

16

lag time (min)

520

520

520

520

520

520

520

3

3

3

3

1

3

3

0.71

0.61

0.16

0.22

–4

–7

0.322

19

12

44

62

50

66

65

impervious surface %
NSE
RVE %

coincides with that month being the latest month of the dry
season that starts in mid-April.
Relating land conversion to dam levels and simulated runoff
Changes in landcover between the years 1984 and 2013 were
compared to dam volumes of the same period. Figure 5 a-c shows
the forest area and bare area changes are highly correlated to
changes in reservoir volumes (R2 > 0.9). Bare area changes show
a high negative correlation (−0.9097) with dam volumes. This
indicates a strong inverse relationship between the variables.
From the year 1984 to 2013 the forest area has been decreasing
and areas under cultivation have increased. This can be
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attributed to forest areas being converted to cultivated land in the
catchment. A decrease in forested areas and increase in cultivated
land increases the chance of losses of top soil due to erosion, with
the potential for causing dam siltation.
Landsat TM and ETM+ images from 1992 to present were
assessed, along with intensive fieldwork. Results show that there
is an increase in cultivated area and decrease in forest and shrubs,
which could be a contributing factor to the decrease in dam levels.
Figure 6 also shows that there is a relatively higher r2 (0.54) for
the relationship between area occupied by forest and HEC-HMS
simulated flow for the years 1993–2012. The relationship between
bare area and flows showed a correlation of 0.51. Results also show
that cultivated area cannot explain the variation in average flows,
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Table 7
Water balance for Nyazvidzi catchment
Jan

Feb

Mar

Apr

Jun

Jul

Aug

Sept

Oct

Mean

5.14

3.39

2.19

0.67

0.71

0.07

0.04

0.46

St Dev

4.06

3.8

1.86

1.11

0.92

0.09

0.08

0.91

CV (%)

79

85

166

131

115

187

199

112

Nov

Dec

1.21

3.99

8.12

1.74

2.42

5.97

143

61

74

Figure 3
Calibration results for Upper Nyazvidzi sub-catchment (2000 –2001)

Figure 4
Validation results for Upper Nyazvidzi sub-catchment (1995–Jan 1997)
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as indicated by a poor r2 (0.14). The relationships could have been
affected by the relatively lower rainfall for the year 2001–2003,
which then created a shift to the general expected trend and
relation between the bare area, cultivated area and forest area.

CONCLUSIONS
This study applied GIS, RS and statistical techniques to assess
how land-use and landcover changes affect current and future
availability of land and water resources of the Upper Nyazvidzi
catchment where the Ruti Dam is situated. Four conclusions are
drawn from this study.
• Anthropogenic activities, such as cultivation, have caused
the decline in vegetation-related classes such as forests and
shrubs in the Nyazvidzi catchment.
• The HEC-HMS rainfall-runoff model, whose inputs were
prepared with remote-sensing data, satisfactorily simulated

runoff in the Upper Nyazvidzi sub-catchment. This proved
vital for record extension in this study.
• Significant monotonic decreases were noted in runoff over
the study period across monthly to seasonal timescales. This
is a cause for concern for the Ruti Dam catchment and the
irrigation scheme.
• The relationship between runoff generated with land
conversion revealed that that there is a relatively higher r2
(> 0.50) for the relationship between area occupied by forest
and bare area and HEC-HMS simulated flow for the years
1993–2012. Strong relationships (r2) relating dam levels and
land-use classes were obtained: bare (0.95), cultivation (0.76)
and forests (0.98).
• The integration of remote sensing and ground data enables
water resource managers to adequately quantify and detect
environmental changes that may affect availability of water
across space and time.

Figure 5
Correlation between dam volume and a) bare area, b) cultivated area and c) forest area for the period 1984–2012

Figure 6
Correlation between average flows and a) bare area, b) cultivated area and c) forest area for the period 1993–2012
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