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Abstract: LV (Lake Victoria) is valuable to the East African sub region and Africa in general, sources of water for LV are from its 
catchment areas and tributaries e.g. Kagera and Mara Rivers on Tanzania part. Apparently, catchment areas in proximities of LV and 
on MR (Mara River), indeed on MRB (Mara River Basin) in particular, are experiencing increased anthropogenic activities such as 
mining, fishing, settlements, agriculture etc., which lead to increased water usage, land degradation and environmental pollution. 
Such activities threaten the sustainability of the environment surrounding MRB and impliedly LV and its ecosystem. The level of 
water in LV is reported to be declining threatening its extinction. This paper is reporting on a study undertaken to establish the 
relationship between land cover changes with ground water discharge from specifically MRB into LV over the period of 24 years, i.e. 
1986 to 2010. Methodology used is assessment of vegetation changes by using remote sensing through analysis of TM (Thematic 
Mapper) Landsat Images of 1986, 1994, 2002 and 2010 ETM (Enhanced Thematic Mapper) Landsat images, from which respective 
land cover change maps were generated and compared with ground water levels from MRB. Results indicates that there is a 
significant decline of land cover and ground water flowing into LV from MRB, and that there is positive correlation between land 
cover changes and the quantity of ground water flowing from MRB to LV. This phenomenon is common to all tributaries of LV, thus 
leading to decline of water in LV. It is recommended that relevant government institutions should endeavor formulating policies to 
control excessive use of wetlands and drylands in the proximity of LV and MRB in particular, such that the flow of water to LV may 
be sustained. 
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1. Introduction 

MRB (Mara River Basin) is composed of wetlands 

and drylands. Whereas the wetlands are used as water 

catchment areas for LV (Lake Victoria), drylands are 

used by surrounding communities for socio-economic 

activities such as settlements, mining, agriculture and 

so on. 

Sustenance of LV water and its environment is 

critical, as it supports the Great Lakes countries in 

several ways such as provision of water for domestic 

use, agriculture, irrigation, fishing, transportation and 

others. As such, concerted efforts are required to 
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ensure its sustainability. Sustainability of the      

LV entails sustaining its water, which in turn  

depends on water flowing into it from its respective 

tributaries 

It is a well known fact that vegetation is related to 

ground water discharge [1-4]. This is because of its 

direct and indirect influence on soil type which 

together with that vegetation roots structure has the 

capacity of withholding ground water. However, as 

observed by Mutie, S. M. [5], ground water is directly 

related to vegetation species on the ground surface. 

This means that there is interaction between 

vegetation and groundwater discharge; there is 

evidence that changes in vegetation alter both 

recharge rates and water-table depths [6]. The effects 
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of vegetation dynamics on ground water can either be 

positive or negative. Vegetation also intercept rainfall 

and leaks out water obtained from the rooted profile 

(including soil, regolith, saprolite and rock fractures), 

and also facilitates infiltration (by improving soil 

condition and creating surface storage opportunities) 

whereas plant root systems increase percolation rates 

by creating macropores. It is noteworthy that, tilled 

ground surface tends to retain more water than bare 

soil and improves conditions of water infiltration into 

the soil. Roots provide channels for the preferential 

flow of water through the unsaturated zone to the 

water table, particularly in low-permeability soils, 

thereby increasing recharge rate. Therefore holding of 

water in wetland depends on the vegetation and soil 

structure, which implies that there is relationship 

between vegetation and ground water. In general, 

vegetation cover holds ground water quantity. 

However, the capacity and the trend of vegetation 

holding water is dependent on soil and vegetation 

roots structure. This capacity and trend of withholding 

water for MRB is unknown. 

The liberazation of the Tanzania economy has 

resulted into proliferation of various small, medium 

and large scale mining activities within the MRB, 

such as the North Mara Gold Mines and others which 

subsequently have attracted into population increase in 

the basin. For example, in the past 10 years, the 

population of over 800,000 people in the MRB is 

reported by Maro, P. S. [7]. The growing population 

relies on respective wetland and dry lands for their 

livelihood activities; all of which of have direct 

impacts on vegetation cover changes resulting into 

vegetation dynamics which subsequently alter ground 

water flowing into LV. 

LV Water level is reported to be declining 

threatening communities relying on it for various 

socio-economic activities [8]. Water for LV emanates 

from both ground and surface water from its 

catchment areas and tributaries. Surface water is 

largely dependent on rainfall, which also has been 

declining due to global factors particularly climate 

changes [9]. 

Owing to the fact that land cover has ability of 

withholding ground water, it is logical relating the 

decline of water in LV partly due to changes in 

vegetation cover within its surrounding environments 

(including its tributaries and water catchment areas e.g. 

MR and MRB). However, the relationship of land 

cover and ground water quantity varies from one place 

to another, and the exact relationship between land 

cover changes with groundwater in the MRB is not 

known. This is the problem which this work was set to 

establish so that authorities responsible for overseeing 

the LVB e.g. LVBC (Lake Victoria Basin 

Commission), WWF (World Wildlife Foundation) and 

others may formulate strategies for effective 

sustainable management of MRB, implicitly for the 

LV water. The problem of vegetation changes and its 

effect on LV water quantity was conceived from a 

research study recommendation by Makalle, A. M. P. 

[10], which insisted that all concepts such as the 

biodiversity management, streams flow, water 

reduction activities, and the interrelationships between 

land cover and all water resources must to be further 

studied for developing sustainable protection 

mechanism for LV. 

2. Research Design 

Due the fact that different vegetation types have 

varying capabilities of withholding ground water, it 

was logical directly relating the decline of water in LV 

with vegetation cover changes. Thus, in this regard, 

parameters of this study were land cover changes and 

corresponding ground water quantity. As there were 

no means of directly quantifying ground water, it was 

indirectly inferred from observed water levels of MR 

and relating it with analysis of vegetation cover 

changes over the study period. Subsequently, the 

methodology of this study was largely based on 

assessment of vegetation cover changes vis as vis MR 

water levels. 
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3. Methodology 

The methodology involved assessment of 

vegetation cover changes in the MRB and relating it 

with respective water quantity in MR.  Assessment 

of vegetation cover changes was effected using 

Remote Sensing Techniques. Satellite Images used 

were Landsat TM of the years 1986, 1994, 2002， and 

due to lack of data covering the study area, the study 

was compelled to use a slightly different sensor i.e. 

Landsat TM (Thematic Mapper) and Landsat ETM 

(Enhanced Thematic Mapper) satellite images for 

2010, all the images were processed and classified 

into thematic classes typical of MRB area [11-13]. 

The methodology, however, disregarded storm water 

flowing into LV from Mara River. In this respect, 

water emanating from the entire MRB was sorely 

based on measured water levels at a gauge located at 

Kirumi Bridge (a point where MR enters LV (Fig. 1)), 

on assumption that the source of water for MR is 

exclusively from ground water. Apart from Kirumi 

bridge gauge station, there were other water level 

measuring gauges at stations within LVB such as at 

Grumet, Mbarageti, Mori, Mara Mines, Suguti and 

Musoma port for monitoring ground water flowing 

from respective rivers into LV. Water levels data from 

Kirumi gauge was then related with vegetation 

dynamics data as computed from land cover changes. 

4. Reliability of Water Level Data observed 
at Kirumi Recording Station 

Regarding water levels data from Kirumi gauge, it 

was noted that the data had gaps due following 

anomalies: 

a. Ineffective Data Management  

This was due to following reasons: 

(i) The Data was being recorded by casual gauge 

workers who were not aware of the importance of the 

data they were recording, as such; they were not 

adequately motivated to comprehend that the data 

collected needed to be continuous [14].  

(ii) Non-accountability arising from the fact that 

gauge readers are answerable to their respective 

Regional Water Authorities, while the main custodian 

of the data is the LVBC [15, 16]. This was perceived 

as a mere administrative problem which had an effect 

of reduction of enthusiasm towards data recording. 

b. Inflow and Outflow Nature of LV Water 

It was noted that MR water has outflow and inflow 

characteristics. During outflow phenomenon, which 

depends on the forces acting on the lake, water moves 

some distance either northwards or southwards or 

Eastwards or Westwards. This phenomenon seemed to 

have affected gauge readings possibly (refer to Fig. 1 

for the opening which facilitates inflow and outflow 

phenomenon). This is believed to have adversely 

influenced subsequent interpretations from the data, 

which significantly deviated from theoretical known 

situations [17-19]. 

The above anomalies then rendered ground water 

level data recorded at Kirumi gauge to be discarded. 

Instead, LV water quantity was inferred from partial 

water spatial extents of the lake as drawn from 

classified satellite images as extracted from relevant 

epochs. 

Spatial extents were used to infer water quantity 

under assumption that quantity of water is directly 

proportional to spatial water extent and that water 

depth variation is insignificant (See Fig. 2 for spatial 

shift of LV water boundary over the study epochs). 
 

 
Fig. 1  The Kirumi water level measuring gauge. 
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Fig. 2  Trend of spatial shifts of LV water extent (on Tanzania side) from 1986 to 2010. 
 

5. Data Processing and Analysis 

This involved firstly adaptation of data for subsequent 

analysis and secondly quantification of land cover 

changes over the study period. With regard to satellite 

image data, they were first preprocessed for radiometric 

and geometric inconsistencies as well as restoration 

and secondly they were classified. Image classification 

was preceded by identification of potential thematic 

classes typical of MRB which are cultivated areas, 

bush land, grasses, water, bare land and swamps. 

Training data were collected from field visit to the 

area and others were from existing data sources 

specifically topographic maps. Ground truth data was 

used in determination of class spectral signatures 

which was used in supervised classification of all 

images whose outputs are as presented in Figs. 3-6. 

All the classification results were validated by 

accuracy assesment using the subset of the ground 

truth dataset as check points. Classification Accuracy 

obtained were over 80 percent, which was a testimony 

of the success of the classification exercise. This was 

followed by image differencing of classified images to 

determine land cover changes over time which 

inferred vegetation dynamics [20-24]. 

6. Results 

This involved a process of change detection of land 

cover in the MRB over the study period.  As 

mentioned earlier on, land cover change detection was 

based on classified image differencing i.e. each 

classified image was differenced from its respective 

previous image. The results of image differencing are 

as shown in Table 1. 

For purpose of simplifying subsequent analysis 

woodland and grass classes were combined 

formulating vegetation class; also water class was 

combined with swamps yielding water class; 

combination of classes was done to create manageable 

classes, in the course of this only four classes were left 

which were cultivated areas, vegetation, water and 

forests. 

7. Discussion of Results 

The results demonstrated that water areas, forests 

and vegetation generally declined, while cultivated 

areas increased over the study period. This is 

testimony that there are excessive land use activities in 

the fringes of MR and MRB resulting from increased 

population in the area, which subsequently degrades  

1986 Water Boundary 

2010 Water Boundary 

Lake Victoria 

1986 Water Boundary
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Fig.3  Clasified Landsat TM of 1986. 
  

 
Fig.4  Clasified Landsat TM of 1994. 
 

 
Fig. 5  Clasified Landsat TM of 2002. 
 

 
Fig.6  Clasified Landsat ETM of 2010. 
 

Table 1  Summary of vegetation changes. 

Year Cultivated  Water Vegetation Forests 

1986 819 8,001 6,713 5,702 

1994 1,229 8,324 5,980 4,262 

2002 1,525 7,878 6,470 3,843 

2010 4,820 6,566 1,484 2,929 

 
Fig. 7  Graphical plot of land covers dynamics. 
 

the environment, specifically, the water catchment 

areas for LV. This has adverse effect on the 

sustainability of LV. Summary of land cover changes 

are as graphically presented as shown in Fig. 7. 

Spatial water extents were directly linked with 

water quantity in relative terms, the results of which 

are shown in Fig. 7. 

8. Conclusions 

In the light of the analysis above, it is being 

concluded that there is a notable decline of vegetation 

over the study period, which indirectly infers a similar 

decline of ground water flowing from MRB to LV 

over the same period. This phenomenon has a long 

term adverse effect of reducing the quantity of water 

in LV. 

Additionally, more areas have been converted into 

cultivation particularly from 2002 onwards for 

increased socio-economic activities in the MRB 

leading to land degradation. 

Land cover dynamics is prevalent in the 

environments of MRB threatening the ecosystem of 

the area. There is indication of a positive correlation 

between ground water and vegetation in MRB. 

9. Recommendations 

Encourage effective land use management in the 

MRB area from either the local government level or 

institutional level so as to protect the area from 

environmental degradation. Effective land use 
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management should be used to reduce further 

vegetation depletion in MRB and other catchment 

areas thereby indirectly protecting ground water 

flowing to LV from respective catchment rivers. As 

the water for LV is from both ground as well as 

surface water which is much dependent on availability 

of rainfall which in turn is affected by global climatic 

changes, it is recommended that a study be conducted 

to establish how climatic change have affected surface 

water quantity which flows from catchment rivers to 

LV. 
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