
Journal of Geoscience and Environment Protection, 2016, 4, 137-145 
Published Online May 2016 in SciRes. http://www.scirp.org/journal/gep 
http://dx.doi.org/10.4236/gep.2016.45014   

How to cite this paper: Boitt, M.K. (2016) Impacts of Mau Forest Catchment on the Great Rift Valley Lakes in Kenya. Journal 
of Geoscience and Environment Protection, 4, 137-145. http://dx.doi.org/10.4236/gep.2016.45014  

 
 

Impacts of Mau Forest Catchment on the 
Great Rift Valley Lakes in Kenya 
Mark Kipkurwa Boitt 
Department of Geomatic Engineering and GIS, Jomo Kenyatta University of Agriculture and Technology,  
Nairobi, Kenya  

  
 
Received 8 April 2016; accepted 17 May 2016; published 20 May 2016 

 
Copyright © 2016 by author and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
Remote sensing and GIS applications are being widely used for various projects relating to natural 
resource management. Forests are very important national assets for economic, environmental 
protection, social and cultural values and should be conserved in order to realize all these benefits. 
Kenya’s forests are rapidly declining due to pressure from increased population, technological 
innovation, urbanization human development and other land uses. Mau forest is one of the major 
forests in Kenya that is a catchment area for many Great Rift Valley lakes within the country and 
faces a lot of destruction. Continued destruction of the Mau forest will cause catastrophic envi-
ronmental damage, resulting in massive food crises and compromising the livelihoods of millions 
of Kenyans, and the possible collapse of the tourism industry. The purpose of this research was to 
investigate the relationship between the increasing rate of deforestation and the reduction of the 
volumes of water in the neighboring lakes between the years 1989 to 2010. Satellite images from 
Landsat-5 Thematic Mapper (TM) and Landsat-7 Enhanced Thematic Mapper (ETM+) were used 
for the detection of changes in the Mau forest and the dynamics of the neighboring water bodies 
that included lakes: Naivasha, Baringo, Nakuru, Elementaita and Bogoria. The research showed 
that from a period of 1989 to 2010 Mau forest has been decreasing due to deforestation and the 
water bodies have irregular dynamics in that, from 1989 to 2000, there was rise in the volume of 
water, this is attributed to the El Nino rains experienced in the country during the year 1997 and 
1998. But between 2000 and 2010 the volume decreased as the forest is also decreasing. It is 
recommended that the government creates awareness to sensitize the public on the importance of 
such forests as catchment areas in Kenya. 
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1. Introduction 
1.1. Remote Sensing for Forest Mapping 
Remote sensing is defined as the technique of obtaining information about objects through the analysis of data 
collected by special instruments that are not in physical contact with the objects of investigation. As such, re-
mote sensing can be regarded as “reconnaissance from a distance”, “tele detection”, or a form of the common 
adage “look but don’t touch”. Remote sensing thus differs from in situ sensing, where the instruments are im-
mersed in, or physically touch, the objects of measurement. A common example of an in situ instrument is the 
soil thermometer. Many techniques have been used to quantify forests. For instance, airborne remote sensing has 
been widely been used in Kenya [1]-[3].  

1.2. Forests in Kenya 
Forest ecosystems provide a continuous flow of essential goods and services that support, directly and indirectly, 
the Kenyan economy, whose main pillars are agriculture and unique natural ecosystems [4]. Closed forests are 
crucial water catchments, and harbor a disproportionate amount of Kenya’s biodiversity. Among these forests, 
the five largest blocks are Mt. Kenya, the Aberdare Range, the Mau Complex, Mt. Elgon and the Cherangani 
Hills. These montane forests constitute the main “water towers” of Kenya and form the upper catchment of all 
main rivers in Kenya. These catchments provide water to all installed hydro-power plants that produce some 70 
percent of Kenya’s total electricity output. These montane forests are surrounded by the most densely populated 
areas of Kenya, because they cause increased precipitation in the rainy seasons and ensure permanent river flow 
in the dry seasons [5]. 

Notwithstanding the services they provide to the people of Kenya, these forests have been and remain the tar-
get of uncontrolled and unplanned development activities. Over the last decades, Kenya’s civil society has be-
come much more vocal about forest destruction and has shown an increased ability to challenge bad environ-
mental governance. But updated information on the status of and on-going activities in most of these forests is 
often unavailable. This limits the civil society and other concerned stakeholders’ advocacy and lobbying efforts 
against unwise developments that could jeopardize the integrity of these ecosystems and the continuous flow of 
services they provide. 

Forests are important in conservation of biological diversity, water, soil and are major habitat for wildlife [6] 
The importance of forest in the country’s development cannot be underestimated, because all sectors of the 
economy, that is water, agriculture, tourism, power and other industries depend on the substantial healthy forest 
ecosystem. Despite their immense importance, the country has witnessed substantial loss of forest cover in the 
recent past both within the gazetted forest, trust lands as well as in the private land. Considering all these bene-
fits which can be reaped from the forest, it is important to protect and nurture our remaining forest and invest in 
now and future forest [7]. The general size of forest has been reducing over the years. There are several reasons 
that explain the causes of destruction and they include: human population increase which has exerted demand 
for agricultural land, logging (both legal and illegal), poor understanding of the benefit accrued from forest es-
pecially by communities, which live around the forest hence leading to poor management of forest, lack of 
sound programmes on forest management, forest fires also consume large chunks of forest cover especially in 
times of droughts among other causes. 

1.3. Mau Forest 
Mau Forest is a forest complex in the Rift Valley of Kenya. It is the largest indigenous montane forest in East 
Africa. The Mau Forest complex has an area of 273,300 hectares (675,000 acres). The forest area has some of the 
highest rainfall rates in Kenya. Mau Forest is the largest water catchment area in Kenya [8]. Numerous rivers 
originate from the forest, including EwasoNy'iro river (southern), Sondu river, Mara river and Njoro river hence 
the main catchment of critical lakes and wetlands in the Rift Valley, including lakes Baringo, Nakuru, Naivasha, 
Natron and Turkana. Mau Complex is also very rich in flora and fauna. Mau complex forest has been used to 
depict the problem of depletion which has adverse effect on the volume of neighbouring water bodies, Experts 
have already warned that the continued destruction of the Mau forest will cause catastrophic environmental 
damage, resulting in massive food crisis and compromising the livelihoods of millions of Kenyans, and the pos-
sible collapse of the tourism industry [9]-[11]. 
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1.4. Land Cover and Land Use 
Land cover is the physical material at the surface of the earth. Land covers include grass, asphalt, trees, bare 
ground, water, etc. There are two primary methods for capturing information on land cover: field survey and 
analysis of remotely sensed imagery, [12]. Land cover is distinct from land use despite the two terms often being 
used interchangeably. Land use is a description of how people utilize the land and socio-economic activity. Urban 
and agricultural land uses are two of the most commonly known land use classes. At any one point or place, there 
may be multiple and alternate land uses, the specification of which may have a political dimension. The origins of 
the “land cover/land use” couplet and the implications of their confusion [13]. 

1.5. Study Area 
The area of study is the Mau complex forest and its main neighboring lakes and wetlands in the Rift Valley, in-
cluding Lake Baringo, Lake Nakuru, Lake Naivasha, Lake Elementaita, and Lake Bogoria (Figure 1). 

1.6. Rainfall Variation in Central Kenya 
Mau Complex is closely located in the central part of Kenya though a little bit to the western part. The variation in 
rainfall has been seen to have various dynamic changes in this region. El Nino rains was experienced in central 
Kenya in 1997 and it caused a lot of effects to agriculture (Figure 2). The authors (Figure 2) used historical data 
from 70 rainfall stations and 17 air temperature stations to interpolate the long-rains precipitation and temperature 
trends for all of Kenya from 1960 to 2009. In Kenya, long-rains traditionally occur between March and June. They 
reported that in Central Kenya, one of the countries key agricultural regions, the area receiving adequate rainfall to 
support reliable rain-fed agriculture has declined by roughly 45 per cent since the mid-1970s. 

2. Materials and Methods 
The study was done using satellite images to show the change in forest cover and the dynamics of neighbouring  

 

 
Figure 1. Mau Forest showing the lakes surrounding the catchment area.                                            
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Figure 2. The trend in rainfall for Kenya since the 1960s tracks the trend in the Indian-Pacific Area circulation index—a 
measure of temperature and precipitation over the Indian and Western Pacific Ocean. Yellow line shows the time of this re-
search study (Source: UNEP-NET).                                                                           

 
lakes over a period of time that is from 1989 to 2010. The process adopted include: Data collection, data evalua-
tion, data processing, data analysis and data presentation. Three Landsat images were used in this analysis of 
land use/cover change. The characteristics of the satellite data used in this project are summarized in the Table 
1. 

2.1. Image Processing and Classification 
For the images to be accurately interpreted there were several analyses undertaken. The following are some of 
the processing undertaken; they include: Layer stacking, georeferencing, geometric corrections, resampling and 
interpolation of the images. Classification is the process of sorting pixel into a finite number of individual 
classes, or categories of data, based on their data file values. The assessment of land use and land cover was 
done by adopting a classification scheme for the Lands at images for years 1989, 2000 and 2010 and carrying 
out a Supervised classification (Maximum likelihood) based on auxiliary data from thematic maps and informa-
tion from local knowledge of the area. By identifying patterns, the computer system was instructed to identify 
pixels with similar characteristics. Since the main objective was to show change in the forest cover and water 
bodies dynamics, it was important to differentiate pixel according to dense forest, scattered forest and grassland 
or deforested areas. 

2.2. Normalized Difference Vegetation Index 
Normalized Difference Vegetation Index (NDVI) is a ratio often used to determine the density of vegetation in 
an area based on visible and near infra-red (NIR) sunlight reflected by plants. The more leaves a plant has, the 
more these wavelengths of light are affected. The normalized difference is preferred to the simple index as it 
compensates for illumination conditions such as surface slope and orientation. Vegetated areas will give positive 
values due to their high reflectance in NIR and low reflectance in the visible spectrum [14]. On the other hand,  
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Table 1. Data sets.                                                                                           

Satellite Sensor Acquisition Date Spatial resolution (Meters) 

Landsat TM Landsat 5 2/11/1989 30 

Landsat ETM+ Landsat 7 10/17/2000 28.5 

Landsat ETM+ Landsat 7 24/7/2010 28.5 

 
bare area or areas with very sparse vegetation cover have higher reflectance in the visible spectrum than in NIR, 
leading to negative and near zero NDVI values. Mathematically NDVI can be expressed as: 

( )
( )
NIR R

NDVI=
NIR R

−
+

 

where: 
NIR is near infra-red band. 
R is red band. 
This technique was used to determine the density of forest before running the main classification. 

3. Results and Discussion 
3.1. Image Classification and Accuracy Assessment 
The images were classified for analysis. Figures below show the colour composites and the corresponding clas-
sified imagery for 1989, 2000 and 2010 respectively. Accuracy assessments were performed using a high reso-
lution image (rapid eye) and the overall accuracies for the 1989, 2000 and 2010 were 76%, 81% and 83% re-
spectively. Analysis was undertaken after classification. Figures 3-5 shows the results obtained. 

3.2. Results 
All the classified images were analysed based on the areas covered by different land uses. These land uses include: 
Forested area, water, built up, farmlands, and plantations. Further, each land use was quantified as a percentage of 
the total area it occupies on the entire study area. Figure 6 and Figure 7 shows these. 

Figure 6 shows a graphical representation of the result. The dynamics of the Great Rift Valley lakes in Kenya 
due to water reduction and expansion is as shown on Figure 7.  

3.3. Discussions 
Image classification of the Lands at satellite images for 1989, 2000 and 2010 was successfully performed and 
results shown in Figures 3-5. Comparing the classified images from the year 1989 to 2010 there is evidence 
forest cover change as a result of deforestation. Furthermore, normalized difference vegetation index was per-
formed as well to depict the forest cover changes for the years. From the statistics most of the land use/cover 
experienced changes in terms of area occupied. Forested areas reduced from 15% in the year 1989 to 13% in 
2010 (Figure 6). The area coverage of water bodies had some dynamics in that there is increase from 1.4 % to 
1.5% in the year 1989 and 2000 respectively and then a decrease to 1.3% in the year 2010 (Figure 7). This in-
crease is attributed to the increased rains of 1997 and part of 1998 Elnino rains in Kenya (Figure 2). Similar and 
related studies that was for monitoring land use changes in Nakuru municipality [15] showed that water bodies 
from 1990 to 2000 increased in Lake Nakuru. UNEP also shows statistical tabulation of the variations of rainfall 
in central Kenya from 1969 to 2009 (Figure 2) and it shows that there was extreme rainfall in the year 1997 
which was El Nino rains.  

Forest cover destruction (human activities) from research shows that, built up areas increased from 8.8% in 
the year 1989 to 17.3% in the year 2010. Farmlands reducing from 72.7% in the year 1989 to 66.9% in 2010 and 
plantation had the dynamics of increasing from 1.9% in the year 1989 to 30.6% in 2000 and decreasing to 1.5% 
in the year 2010.From the statistics between the years 1989 to 2000 all the lakes had a volume increase of water 
apart from Lake Elementaita which had a decrease of 0.18%. Lake Bogoria registered the highest increase of 
28.22% whereas Lake Baringo had the lowest increase of 2.93%. Similarly, Lake Nakuru had 11.77% and Lake  
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Figure 3. Landsat TM 1989 image and its classification.                                                          

 

  
Figure 4. Landsat ETM+2000 image and its classification.                                                        

 
Naivasha equivalent to 13.08%. The possible factor which might have led to this increase is the El Nino rains 
experienced in the country in the year 1997 and 1998 (Figure 2). The rains were more than the expected in 
Kenya and it caused the rivers to increase in their flow hence increasing surface area on the lakes they flow to. 
Between the year 2000 and 2010, all the lakes had decrease in water volumes which was also the same as the 
forest cover. 
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Figure 5. Landsat ETM+2010 image and its classification.                                                       

 

 
Figure 6. Land use and land cover quantification.                                                               

 

 
Figure 7. The dynamics of Great Rift Valley lakes in their water surface areas.                                       
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4. Conclusion and Recommendations 
4.1. Conclusions 
The study showed that Mau forest cover depletion between 1989 and 2010 registered a percentage decrease of 
approximately 7%. These changes are due to human activities for their own economic gains. Increased destruc-
tion of forest to transform to farmlands is evident in the Mau through charcoal burning and overgrazing. Popula-
tion increase in the densely populated areas is a factor to the land use and land cover changes. On the other hand, 
the dynamics of water bodies have shown that between the year 1989 and 2000, water volumes increased which 
is a contrary to forest cover that has been decreasing as according to this research. Between the year 2000 and 
2010 there is a decrease in water bodies as well as in the forest cover. In general the possible factors which might 
have caused water to increase slightly between the year 1989 and 2000 while the catchment continuously decreased 
is the El Nino rains experienced in the year 1997 and 1998. Despite of this anomaly, we conclude that the forest 
catchment depletion is directly linked to the decrease in the waters of the Great Rift Valley lakes in Kenya. 

4.2. Recommendations 
Forest being a very important natural resource and a catchment area, the Government of Kenya should realign 
the forest boundaries and fence them in order to keep the population around the forest from encroaching into it. 
Moreover existing policies should be implemented such as the forest Act 2005 in order to reduce the depletion 
of the forest. The environmental conservation education should be introduced in schools, colleges and the gen-
eral public through, “barazas”, meetings so that the general public can understand the importance of forest cover 
as a water catchment area. A fact not to avoid, more research can be performed in order to understand the dy-
namics of water bodies, there is need to get more information about both underground inlet and outlet of the 
lakes. This will help in obtaining the real figures of measurements of change since it in this study the inlet flow 
and outlet flows from the lake were not quantified via remote sensing techniques.  
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