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Abstract The Free State province in South Africa is persistently affected by
droughts leading to severe impacts on water bodies. In this study, remote sensing
images from Landsat 8 were used to monitor the area covered with water and the
density of vegetation around the Mockes dam area during the 2016 drought year in
the Free State, South Africa. Short Wave InfraRed images (SWIR), together with
Normalized Difference Water Index (NDWI) on the EOS (Earth Observation Satel-
lite) hydrological models, were used to estimate the surface water in theMockes dam
over the four seasons of summer, autumn, winter and spring in 2016. The results indi-
cated a decline in surface water in the Mockes dam between the seasons, as the year
progressed and the drought intensified. Additional water was given to the Mockes
dam from the Rustfontein dam in winter but the volumes also declined in spring.
Throughout the summer, autumn and winter seasons, the vegetation surrounding the
Mockes dam was severely stressed due to the unavailability of moisture from the
soil.
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1 Introduction

South Africa receives an average annual rainfall of 464 mm, well below the global
average of 860 mm per annum [1]. Like most parts of South Africa, the Free State
(FS) region is arid, with an annual mean rainfall of 407 mm [1]. The province is
persistently affected by droughts leading to severe impacts onwater availability, farm
production, livestock holdings, mining and industry [2]. The consistent monitoring
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and management of water bodies such as dams, lakes and rivers is important for the
livelihood of people, as well as for sustainable economic activities such as agriculture
and industry. The South African government declared the FS province a drought
disaster area in the 2015/2016 hydrological year. This negatively affected the South
African economy as the province plays a crucial role in agriculture as well as having
some of the major water reservoirs [3].

AghaKouchak et al. [4] classified drought into four categories including meteoro-
logical (lack of rainfall), agricultural (lack of soil moisture), hydrological (deficit in
runoff, groundwater or general water storage) and socio-economical (water supply,
demand and social response). Remote sensing techniques are among the effective
ways ofmonitoring surfacewater dynamics. TheNormalizedDifferenceWater Index
(NDWI) has been effective for the analysis of declining surface water bodies [5] and
is reported to relate plant water content with a better response to drought conditions
than the Normalized Difference Vegetation Index (NDVI) [6]. Colour intensity and
land changes are ways in which NDWI has been used to predict the impact of drought
on surface waters [7, 8].

The Mockes dam is located in the FS province in central South Africa. It is
situated along the Modder River catchment which supplies water to areas in the
city of Bloemfontein, via the Maselspoort Water Treatment Works [2]. The Modder
River catchment provides about 60% of the potable water supply of Bloemfontein
[9].With the growing scarcity of potable water inmost parts of South Africa, coupled
with the persistent droughts plaguing the Southern African region, it is important to
consistently monitor strategic water sources such as the Mockes Dam. This study
focused on analysing the seasonal effects of drought on the surface water area in the
Mockes dam by remote sensing techniques.

2 Materials and Methods

Remotely sensed Landsat 8 images of theMockesDam for all four seasons in the year
2016 were acquired on the EOS (Earth Observing System) land viewer website [10].
The choice to utilize the Landsat 8 satellite was made because of its improved radio-
metric precision which gives rise to a better characterization of land cover images
[11]. Images were taken in each of the four seasons for the year 2016. The images had
already undergone some pre-processing on radiometric and geometric corrections to
remove distortions. The images were further processed through georeferencing to
insert the geographical coordinates with respect to the Mockes dam.

The Normalized Difference Water Index (NDWI)—which makes use of the
reflected near-infrared radiation and visible green light—was used to provide esti-
mations on the surface water covering the Mockes dam. The NDWI is calculated as
follows [10]:

NDWI = Green− NIR

Green+ NIR
(1)
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Land cover along the Mockes Dam and Modder River, the primary source of
water into the dam, was delineated on the NDWI images. The ability of the EOS
system to process images of surface area covered with water was used, together with
the delineated areas along with the dam areas, in predicting the surface water in the
Mockes Dam.

3 Results

The surfacewater in the dam area gradually decreased throughout the 2015/2016 year
as the drought persisted. In the month of February 2016, the dam surface water
covered an estimated area of 462 000 m2 (Table 1). This gradually decreased to
389 700 m2 of water by the end of May 2016. By August 2016, the drought was so
severe that it made the local authorities request additional water from the Department
of Water Affairs. The surface water increased its coverage to 1 044 000 m2 which
amounts to a total volume of approximately 0.954 million m3 as validated by data
from the Department of Water Affairs [2, 12]. This water volume is not enough
considering that the municipality supplies around 0.2 million m3 of water per day to
Bloemfontein residents.

The evidence that the Mockes dam received additional water from the nearby
Rustfontein dam can be seen through the severely stressed vegetation surrounding
theMockes Dam and the greaterModder River catchment as shown in the images (a),
(b) and (c) of Fig. 1. In November 2016, the surface water in the Modder River was
at 547 200 m2, an indication that the area might have received some precipitation.
The rain also contributed to an increased vegetation coverage from sparse vegetation
to moderate vegetation as indicated in image (d) of Fig. 1. Table 1 shows the detailed
data of the surfacewater and seasons aswell as vegetation cover. The rainfall validates
the vegetation and the NDWI prediction of surface area covered with water. Rainfall
decreases with decreasing surface water area and vegetation. No surface water level

Table 1 Estimated impact of drought on the surface water area with validated rainfall and actual
surface water volume level (# means no record.)

Season Month Surface water area
(m2)

Actual surface
water volume
(Million m3)

Rainfall (mm) Vegetation

Summer Feb 462,600 # 25.8 Sparse
vegetation

Autumn May 389,700 # 19.2 Sparse
vegetation

Winter Aug 1,044,000 0.954 10.6 Sparse
vegetation

Spring Nov 547,200 # 69.4 Moderate
vegetation
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Fig. 1 Shortwave Infrared images of the Mockes dam in the year 2016. The images are in the
following order; a Summer—Feb, b Autumn—May, c Winter—Aug, d Spring—Nov

values were recorded in Summer, Autumn and Spring because of no or low water
volume in the river.

4 Discussion

The summer of the year 2016 had very little surface water as indicated by the NDWI
images and confirmed by the surface water level volumes from the Department
of Water Affairs. As the seasons of autumn and winter approached, the drought
worsened as thewater dam levels continued to decline and the surrounding vegetation
along theModder River catchment became further stressed due to a lack of moisture.
By the end of winter, the Mangaung Metropolitan Municipality (MMM) authorities
managing the dams decided to replenish the water supply for the Mockes dam by
using the water from the nearby Rustfontein dam. This helped in raising the Mockes
Dam water levels but did not benefit the surrounding vegetation as the water was
localized only within the river channel. Moderate amounts of rainfall were received
during the end of spring, resulting in a moderate distribution of vegetation across the
Modder River catchment.

The study findings indicated that there was some correlation between the surface
area of water detected by NDWI and the surface water level volume measured by the
Department of Water Affairs. However, further studies are needed to understand the
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relationship between NDWI and its effectiveness in estimating water volume. The
dimensions of the river or dam depth should be among the factors to consider in such
studies when using NDWI for estimating water volume.

5 Conclusions

The study estimated the areas in the Mockes Dam affected by drought in the
2015/2016 season using remote sensing techniques of NDWI. The remote sensing
data were validated by rainfall data received in the Mockes area and ground surface
water level volume data from the Department of Water Affairs. The 2015/2016
drought season had a significant impact in reducing the surface areas covered with
water and the subsequent volume of water in the Mockes Dam. The drought also
inflicted a lot of stress on the vegetation cover along the Modder River catchment
surrounding the Mockes Dam due to a lack of moisture. The study has shown that
the impact of drought on surface water can be effectively monitored with less costly
remote sensing techniques.
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