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Abstract 

The Murchison Bay catchment in the northern shoreline of Lake Victoria basin is a high valued ecosystem 

because of the numerous human-related activities it supports in Uganda. The catchment has undergone 

tremendous human-induced land use/cover changes, which have not been quantified. This study aimed at 

quantifying the land use/cover changes as well as the rate at which these changes occurred over the last three 

decades in the catchment. This was achieved using remote sensing techniques and Geographic Information 

System (GIS) to analyse and contextualize the changes. To that effect, images of Landsat satellites MSS, TM, 

ETM+ and OLI were interpreted using supervised image classification technique to determine the land use/land 

cover changes from 1984 to 2015. The obtained results indicated that the catchment has undergone huge land use 

and land cover transformations over the last three decades attributable to rapid population growth and 

urbanization. The prevailing changes in footprint between 1984 and 2015 were expansions of built–up land 

(20.58% to 49.59%) and open water bodies (not detected in 1984 to 1.74%), and decreases in the following 

sectors: agricultural lands (from 43.88% to 26.10%), forestland (from 23.78% to 17.49%), and wetlands (from 

11.76% to 5.08%). The changes pose a threat to the environment and water quality of the Murchison Bay and 

consequently increases National Water and Sewerage Corporation water treatment costs. Therefore, there is the 

need to take critical and practical measures to regulate and police land use, water use rights and conserve the 

environment especially wetlands. 

Keywords: land use, land cover, Murchison bay catchment, Lake Victoria, Uganda, supervised classification 

1. Introduction 

Land is one of the most vital natural resources that support people’s livelihoods and development, hence its use 

is a fundamental factor of any human activity (Diyer et al., 2013; NEMA, 2009). Land use is any form of human 

activity on the land with the intention to benefit from the land resources. The increasing demand for this limited 

resource has put pressure on land and its surface features referred to as land covers and in so doing, have altered 

the surface cover of land that influence a very diverse collection of environmental processes and properties. 

According to Olofsson et al. (2013), the impact of land use and land cover change may be felt across a wide 

spectrum of environmental systems including the atmosphere, hydrology, geomorphology and ecology. Over 

utilisation of land resources have caused numerous forms of degradation such as loss of biodiversity, 

deforestation, land and water degradation (Diyer et al., 2013). It is estimated that, about 83% of the global 

terrestrial land surface has been affected by the activities of humans and 60% of the ecosystem degraded over the 

past half century. The modification of the terrestrial surface of the earth is generally referred as land use and land 

cover change (Ellis, 2013). 

Land use and land cover changes are found to be the most evident indicator of these human footprints and the 

greatest driver of biodiversity loss and other land degradation forms (Nkonya et al., 2012). The disturbance of 

the land through these human activities has wide ranging and long-term consequences that affect important 

ecosystem processes and services (Wu, 2008).  

The collective impact of land use and cover changes on the environment is a subject of concern to both 
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developing and developed nations as it affects sustainable development (Akhter, 2006). Poor use of land 

especially in developing countries has led to huge proportions of land being degraded, reduction in food 

production and it is now a threat to livelihood (Maitima et al., 2010). Rapid urbanization, predominantly in 

developing worlds, is one of the critical issues and visible anthropogenic force that has brought so much changes 

in urban landscape and land cover pattern around the globe.  

The Lake Victoria basin has experienced huge ecological changes over the past eight decades. According to 

Kinuthia-Njenga (2008) and Muhati et al. (2008), the dramatic environmental changes experienced by the Lake 

Victoria over the past are as a result of land use and land cover changes, poor agricultural developments, 

industrialisation, destruction of critical wetlands among others. While some of these factors are undergoing 

expansion around the catchments of the lake, others are intensifying. Land use change is noted to be one of the 

factors correlating with the worsening quality of water in the lake (Kimwaga et al., 2012). The changes are due 

to fast population growth and conversion of lands along the shores for different purposes contributing to the 

increasing water quality deterioration in the lake. Although some studies (Berakhi, 2013; Kimwaga et al., 2012; 

Maitima et al., 2010; Mango et al., 2011; Masanja, 2013; Mati at al., 2005; Muhati et al., 2008; Musamba et al., 

2011) have quantified land use and cover changes in some catchments of the lake, yet there are other catchments 

for instance, the Murchison Bay catchment of the lake situated in Uganda with little or no information about the 

extent of land use and land cover change. For instance, in parts of the Murchison Bay catchment of the Lake 

Victoria, different studies (Akurut et al., 2014; Banadda et al., 2009; Haande et al., 2011; JTR, 2015; Mbabazi et 

al., 2010) have reported the rising levels of pollution and its increasing impact as a result of expansion of 

Kampala city, wetland area transformations, poor agricultural practices and deforestation. However, the 

magnitude and the rate of these land use and cover changes have not been quantified in the Murchison Bay 

catchment. With land use and land cover changes having an effect on the ecosystem that is sustaining human 

needs and development, understanding these surface processes is necessary for minimizing the continuous 

adverse impact of these changes (Gbenga, 2008). It is against this background that this paper seeks to quantify 

the changes occurred over the years from 1984 to 2015. 

2. Method 

2.1 Study Area 

The Murchison Bay is an extension of Lake Victoria situated in the south-east of Kampala city which lies 

between latitudes 00o 10’ 00” N – 00o 30’ 00” N and longitudes 32o 35’ 00” E – 32o 50’ 00”E with average 

elevation of 1224 m above sea level. As shown in Figure 1, this study considered the largest watershed of the 

Murchison Bay that drains through the Nakivubo Channel to the Murchison Bay. The Nakivubo channel runs 

from the central Kampala district passing through densely populated slums, industrial settlements and markets 

before discharging its water to the Lake Victoria at the Murchison Bay. The watershed covers the Nakawa, 

Makindye, Rubaga and Central divisions within the capital city of Uganda with an area of about 40.9 km2. The 

population of Kampala city increased from 0.8 million in 1991 to about 1.5 million in 2014 (UBOS, 2014). The 

Murchison Bay is a very important feature of the ecosystem besides being central to the development and health 

of above one million people in its catchment area. It is a source of basic amenities such as food, water, 

employment, transport and recreation to the people in the catchment. 

The catchment is within the equatorial belt, and has a moist sub-humid climate. It receives a bi-seasonal rainfall 

in the periods of March to May and September to November (Kansiime & Nalubega, 1999). Mean monthly 

precipitation ranges from 24 mm in January to about 154 mm in October with mean annual precipitation of about 

1293 mm. 
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Figure 1. The Murchison Bay Watershed 

 

2.2 Data Collection 

2.2.1 Data Acquisition 

In determining the magnitude of land use and land cover changes, different remote sensing data from various 

sources were used in this study. The data used were Landsat images, digital elevation model (DEM), and Google 

Earth images.  

Four Landsat satellite images of 1984, 1995, 2003 and 2015 were acquired from the Earth Resources 

Observation and Science (EROS) centre of United States Geological Survey (USGS) Earth explorer 

(http://www.earthexplorer.usgs.gov/) in raw unprocessed form. The characteristics of Landsat images used in the 

study are shown in Table 1. The path and row for the scenes covering the study area are 171 and 60 respectively. 

Images from Landsat satellites are used at regional or landscape scale to study any changes (NASA, 2007). 

These changes may be vegetation dynamics by Normalized Difference Vegetation Index (NDVI), hydrology, 

permafrost, dynamics, and land-use by wildlife and humans (Forbes et al., 2009; Myers-Smith et al., 2011). 

A number of factors were considered in selecting the Landsat images for the study. These include the time of the 

year the images were acquired, the degree of cloud cover, and the availability of Landsat images for the intended 

year (Berakhi, 2013) as well as quality of the images acquired.  

 

Table 1. Characteristics of Landsat satellite imagery used in the study 

Landsat Scene Sensor Date acquired CC* (%) *Res.

LM51710601984181AAA03 Landsat 5 MSS 29-06-1984 5.00 60 

LT51710601995019XXX02 Landsat 5 TM 19-01-1995 0.00 30 

LE71710602003033SGS00 Landsat 7 ETM 02-02-2003 0.00 30 

LC81710602015058LGN00 Landsat 8 OLI_TIRS 27-02-2015 0.34 30 

CC* =Cloud cover, *Res. = Resolution 
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Images with minimum cloud cover were selected. However, there were certain years of interest without good 

images or there were data gaps. For those years without good images, the closest year with good images to the 

year of interest either previous or the following year was considered. For instance, though the study wanted to 

look at land use cover changes from 1985 to 2015 at ten years interval, due to lack of good scenes for 1985 and 

the data gaps for 2005 due to the failure of Landsat 7 ETM Scan Line Corrector (SLC) in May 2003 (Storey et 

al., 2005), they were substituted for 1984 and 2003, respectively.  

The topography of a watershed is defined by its digital elevation model. The STRM DEM of the study area thus 

the Central region of Uganda at a resolution of 1 arc second (30m x 30m) was downloaded from USGS website 

(http://gdex.cr.usgs.gov/gdex/). The DEM was used to delineate the Murchison Bay catchment in ArcGIS. Other 

GIS data such as the location of existing built-ups, forest, swamps and other physical features were derived with 

the aid of Google Earth images (Abebe, 2013; Olofsson et al., 2014; Olofsson et al., 2013). 

2.3 Processing of Landsat Images  

The processing and classification of the Landsat images were done using GIS tools in ArcGIS 10.1. The 

unprocessed image bands obtained from the Landsat satellites were imported and combined to form a single 

multispectral image by using the composite band tool in ArcGIS. The area of interest was clipped out from the 

composite image and used to classify land use/covers.  

2.4 Land Use and Land Cover Classification 

The images were classified based on observations made at the study site and in accordance with Anderson (1976) 

Level I generalised classification system using maximum likelihood supervised classification tool in ArcGIS. 

The Level I classification system is appropriate for gathering general land use information and it is made for use 

with Landsat data.  

The land use covers identified were put into five major classes which are open water bodies, agricultural lands, 

forestland, wetlands and built-up area. Open water bodies include lake, reservoirs, streams and canals while 

built-up area consists of residential, industrial, commercial, parking lots, construction sites, mixed urban, road 

and railway networks. Agricultural land is made up of cropland and grassland whereas forestland comprises of a 

mixed deciduous and evergreen forestland. Figure 2 presents the methodology adopted in classifying the land 

use and land covers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Flow chart of methodology used in classifying land use land cover changes 

Landsat images (1984, 1995, 2003 and 2015) 

Image Processing 

Land use/cover classification

Final land use/cover map

Area calculation of classes Comparison of maps (1984, 1995, 2003 and 2015) 

Cross tabulation

Land use/cover change detection Rate of land use/cover change 

Accuracy assessment

If accuracy < 85% 
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2.4.1 Accuracy Assessment 

Prior to the classification stage, a ground-truth data was collected from the study site to ascertain the reality on 

the ground and to help in assessing the accuracy of the classified maps. In this study, accuracy assessment was 

done for 2003 and 2015 land use cover maps by using 150 randomly sampled reference data pixels taken from 

high resolution imagery in Google Earth (Abebe, 2013; Han et al., 2015; Hegazy & Kaloop, 2015; Megahed et 

al., 2015; Minu & Shetty, 2015; Olofsson et al., 2014; Olofsson et al., 2013; Romo-Leon et al., 2014). 

Classification accuracy of 1984 and 1995 could not be assessed due to difficulties in getting any aerial 

photographic coverage or any historical reference data to rely on. It was assumed that the accuracy assessment of 

2003 and 2015 maps would be satisfactory to provide an indication for the accuracy of 1984 and 1995 classified 

maps. Figure 3 shows the Google Earth images of the study area. According to Olofsson et al. (2014), to ensure 

higher quality of a reference classification as compared to the map classification, the ground data source should 

be of higher quality than what is used to produce the map classification since it could create some biasness. 

The accuracy was assessed by determining the overall accuracy, user’s accuracy, producer’s accuracy, and the 

Kappa coefficient derived from the most common (Berakhi, 2013) and most effective (Congalton, 1991) 

technique called the error matrix to determine the accuracy and reliability of the maps produced. An error matrix 

is a square display of numbers designed in rows and columns which express the number of sample unit assigned 

to a particular class in relation to the actual class as verified on the ground. The columns are the referenced data 

while the rows are the classifications generated from the Landsat data. 

 

Figure 3. Google Earth image of the study area in 2003 and 2015 

 

The producer’s accuracy was calculated by dividing the number of accurate classified pixels in a category to the 

number of reference set pixels in that category while the user’s accuracy was determined by dividing the number 

of accurately classified pixels in each category by the row total. The overall classification accuracy is the 

proportion of correctly classified samples of an error matrix. It was calculated by dividing the total number of 

correctly classified samples by the total number of referenced samples. The overall accuracy was calculated 

using Equation 1 by Akhter (2006). 





n

i

iix
1N

1
accuracy  Overall                              (1) 

Where, 

x = individual cell values, xii = the total number of observations in row i and column i, n = total number of 

classes, N = total number of samples. 

The value of the overall Kappa coefficient (Kc) was calculated using Equation 2 by Congalton (1991). 

2003  2015  
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Where Kc = Kappa coefficient, N = total number of samples, xii = sum of correctly classified pixel, r is the 

number of rows in the matrix, xi+ and x+i are the marginal totals of row i and column i respectively. 

2.4.2 Land Use and Land Cover Change Detection and Analysis 

Detection of land use and land cover changes require satellite imageries of two different years as a minimum 

(Brar, 2013; Ndulue et al., 2015). In that regard, post classification comparison technique was used where 

independently classified images were compared to determine the changes. It is the most obvious approach (Singh, 

1989) for comparing data from different sources and dates. To determine the changes that has occurred from 

1984 to 2015, the area of each land cover classified for each study year was computed and subsequently 

compared at four intervals thus, 1984-1995, 1995-2003, 2003-2015 and 1984-2015. Thus, the observed change 

was the difference in area of the various years. 

2.4.3 Assessment of the Rate of Land Use and Land Cover Change 

The rate of land use/cover change based on area and by percentage were estimated for the different classes using 

Equation 3, 4 and 5. 

100*

A

A-A
 change use land of %

n

1i

iyear 

iyear 1iyear 




                       (3) 

yearst

iyear 1iyear A-A
 change of rate Annual

                               (4) 

100*

*A

A-A
 change use land of rate annual  %

n

1i

iyear 

iyear 1iyear 






yearst

                          (5) 

Where Ayear i = area of cover i at the first date, Ayear i+1 = area of cover at the second date, and tyears = period 

between the first and second dates, n = the number of years within an interval 

3. Results 

3.1 Land Use and Land Cover Classes in the Murchison Bay Catchment 

The land use and land cover results for 1984, 1995, 2003 and 2015 of the Murchison Bay catchment are 

summarized in Table 2 and Figure 4.  

 

Table 2. Land use-cover classes and their proportions in the Murchison Bay Catchment 

1984 1995 2003 2015 

Land use-cover Area (ha) % Area (ha) % Area (ha) % Area (ha) % 

Open water 0.00 0.00 9.00 0.22 10.62 0.26 71.09 1.74

Agricultural land 1794.69 43.88 1326.24 32.42 1502.43 36.73 1067.52 26.1

Forestland 972.66 23.78 1274.23 31.15 568.81 13.91 715.5 17.49

Wetland 481.10 11.76 395.50 9.67 409.62 10.01 207.78 5.08

Built-up area 841.85 20.58 1085.34 26.53 1598.81 39.09 2028.41 49.59

Total  4090.30 100 4090.30 100 4090.30 100 4090.30 100
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Figure 4. Land use/cover classified map of the Murchison Bay catchment 

 

3.2 Accuracy of Classified Land Use-Cover Classes 

Table 3 and Table 4 show the accuracy assessment results of each of the land use and cover types for 2003 and 

2015. The overall accuracy achieved for 2003 and 2015 maps were 88.67% and 86.67% with Kappa coefficient 

of 0.85 and 0.82 respectively. 

 

Table 3. Results of accuracy assessment for 2003 land use and land cover classification 

Land use cover Producer’s accuracy (%) User's accuracy (%) Overall accuracy (%) Kc 

Open water 87.50 87.50  

Agricultural land 86.11 81.58  

Forestland 91.67 94.29 88.67 0.85

Wetland 80.00 76.19  

Built-up land 92.00 95.83  

 

Table 4. Results of accuracy assessment for 2015 land use and land cover classification 

Land use-cover Producer’s accuracy (%) User's accuracy (%) Overall accuracy (%) Kc 

Open water 83.33 83.33  

Agricultural land 75.00 75.00  

Forestland 86.00 91.49 86.67 0.82

Wetland 70.00 70.00  

Built-up land 96.30 91.23  

Kc = Kappa coefficient 

 

3.3 Land Use and Land Cover Changes in the Murchison Bay Catchment 

The results of land use and land cover changes from 1984 - 2015 are presented in Figure 5 while the annual rate at 

which each land use cover increased within the same period is shown in Figure 6.  
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Figure 5. Land use - cover changes of the Murchison Bay catchment from 1984 – 2015 

 

 

Figure 6. Annual rate of land use - cover changes in the Murchison Bay Catchment from 1984 to 2015 

 

4. Discussion 

The most dominant land use covers found to have gained in size of area over the years were built-up land and 

open water bodies while forestland, agricultural land and wetlands shrank in size (Figure 6).  

The analysis revealed that built–up land, forestland and wetland increased by 243 ha, 302 ha and 9 ha 

respectively between the period of 1984 and 1995. Within the same period, agricultural land and wetland 

reduced by 468 ha and 86 ha respectively. Between 1995 and 2003, built–up land, agricultural land, wetland and 

open water bodies increased by 513 ha, 176 ha, 14 ha and 2 ha respectively while forestland declined by 705 ha. 
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The land use/covers that gained in area from 2003 to 2015 were built–up land which increased by 430 ha, 

forestland increased by 147 ha and open water bodies which increased by 60 ha. Throughout the whole period 

from 1984 to 2015 considered in this study, built–up land had the highest increment by 1187 ha while the highest 

lost land use/cover is agricultural land. 

The period which experienced the highest land use/cover change was from 1995 to 2003 in which both built-up 

and agricultural lands increased by 513 ha and 176 ha respectively. This could be ascribed to the rapid 

population growth rate, developed road network and infrastructure, and high rural urban migration that occurred 

at that time. The trend is in line with the population growth rate of Kampala noted within the same period. 

According to UBOS (2014), the population of Kampala in 1991 was about 800 000 and by 2002, it had increased 

by 50%. As population increases, the need for more housing facilities and the demand for food are expected to 

increase correspondingly. This could possibly be the reason that caused the expansion of agricultural lands 

between 1995 and 2003. The combine effect of the need for built-ups and food caused forestland which was 

increasing at a rate of 0.67 % per year (Figure 6) between 1984 and 1995 to decline at a rate of 2.16% per year. 

The observations are consistent with that of Abebe (2013) who studied the urban growth rate of Kampala and its 

environs from 1989 to 2010. Abebe (2013) observed that, between 1995 and 2003, built–up area in the whole of 

Kampala had increased by 112% while 60% and 31% in 1989 to 1995 and 2003 to 2010 respectively. Abebe 

(2013) related the change to land tenure systems in which the 1995 constitution of Uganda and 1998 Land Act in 

Uganda gave legal credit private land owners to leasehold or freehold tenures. The 1998 Land Act vests the 

ownership of all land in Uganda in its citizens, and sets out the tenure system under which the land can be owned. 

Most of the land in Uganda is under customary tenure, which in some cases implies communal utilization. In 

some areas, particularly within wetlands there are often spaces where access is not controlled. These open 

accesses are the areas where land degradation has occurred most. 

The results found in this study are also consistent with that of Twesigye et al. (2011) who observed that, built-up 

was increasing while forestland is decreasing around the Nakivubo wetland which is within the area studied. 

However, the extent of change differ due to the area of land considered and the classification method used. It was 

only in the same 1995 - 2003 period that wetlands for the first time, increased by 14 ha representing 0.34% and 

at an annual rate gain of 0.04%. This could be attributed to the positive results from a ban on large scale wetland 

drainage, to enable the process of formulation of a National Wetlands Conservation and Management policy by 

government of Uganda in 1986 (Turyahabwe et al., 2013). 

Although, the population of Kampala in 2002 was about 1.2 million which increased to about 1.5 million in 2014, 

the period between 2003 and 2015 had built-up land been increased by 429.60 ha which is almost equal to the 

period from 1995 to 2003. Meanwhile, agricultural land, forestland and wetlands declined within 2003 and 2015 

period. This could be related to the period when more industries and factories were been setup. This also means 

that the exploding population largely involved in industry and sale of goods and services as opposed to 

agriculture. This is contrary to the results of Turyahabwe et al. (2013) that farmland formed the most dominant 

land use/cover between 2000 and 2011 accounting for wetland losses in the Lake Victoria crescent in Kampala 

city. This is because the period coincides when urbanisation was increasing in the two places. The period 

between 2003 and 2015 also experienced an increasing growth of forestland which could be attributed to 

afforestation and conservation efforts to restore the environment. A similar observation was noted by Wasige et 

al. (2013). Also, as people tend to grow trees around their residential and workplaces, it contributes to increasing 

the vegetative cover of the area. 

As noted in this study, trends in population growth, land use policy changes and economic developments in 

relation to infrastructure and industrialisation were most likely the impelling causes of the observed land 

use-cover changes. Urbanisation has caused a significant negative impact on the environment in the catchment as 

it has created permanent impervious layers which reduces infiltration and percolation of water to the 

underground increasing surface runoff and causing perennial flooding within the catchment. Wastewater and 

other pollutants discharged from industrial setup have also increased the quantity of sediments and nutrients 

transported into the Lake Victoria from the catchment studied (Anaba et al., 2017). Encroachment on wetlands 

that have for long acted as filters and traps pollution discharges from the catchment (JTR, 2015; Kansiime & 

Nalubega, 1999) area have lost its function as a buffer zone. The changes in land use and cover have contributed 

to the deteriorating water quality in the Lake Victoria which is serving the people around the catchment in 

different capacities such as drinking water, employment, recreation, food and transport (Banadda et al., 2009). 

Though, urbanization cannot be controlled as population is expected to increase, right decisions such as 

installation of water harvesting systems on houses, protection of buffer zones, proper waste disposal and 

drainage systems, clean production in the industries adjacent to the lake need to be made and implemented in 
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order to protect the environment. 

5. Conclusions 

Land use and land cover change is one of the factors that contributed enormously to the deterioration of water 

quality in Lake Victoria. In this study, the magnitude of land use and land cover changes in the Murchison Bay 

catchment of the Lake Victoria from 1984 to 2015 were quantified using remote sensing technique. The 

prevailing changes in footprint between 1984 and 2015 were expansions of built–up land (20.58% to 49.59%) 

and open water bodies (not detected in 1984 to 1.74%), and decreases in the following sectors: agricultural lands 

(from 43.88% to 26.10%), forestland (from 23.78% to 17.49%), and wetlands (from 11.76% to 5.08%).The 

findings show that the Murchison Bay catchment has undergone huge and different land use/cover transitions 

over the past three decades from its former agricultural and forest dominated lands to its current dominated 

built-up land. The expansion of built-up land is as a result of the increasing population around its environs 

causing the need for settlements and the socio-economic development of the area. The land use/cover 

transformations have had a negative environmental impact with increased surface runoff, pollution discharges 

and sediment transport depletions from upland, and increased nutrient loadings from industries in the catchment. 

All these from the catchment ends-up into the Lake Victoria threatening its ecosystem and deteriorates its water 

quality. Therefore, there is the need to take critical measures to regulate land use and conserve the environment 

in the Murchison Bay catchment. 
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