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ABSTRACT

Land cover changes in any ecosystem vary in space and time in terms of effects on ecosystem
services. The spatial-temporal analysis of land cover changes in Eastern Mau Forest of Kenya
was carried out to address the problems of types of land cover changes; nature of drivers of
land cover changes and; resource use sustainability. The objectives of addressing the above
problems were to determine the types and amount of spatial-temporal land cover changes; the
drivers of land cover changes and; sustainable ways of using forest resources. The hypotheses
used to guide in achieving the study objectives were that no significant land cover changes
had occurred; there were no unique drivers behind land cover changes and; that forest

resources use was sustainable in Eastern Mau Forest.

The data used in this study included Landsat imageries, topographic maps, forest boundaries,
ground control points, sub-location and county boundaries, rivers shapefile, settlement
shapefile, population data and forest resource use data. The data files were required in spatial-
temporal analysis of forest cover change using geo-spatial and geo-statistical analysis
techniques. The geo-spatial analysis techniques used were digital image classification,
classification overlay and land cover change detection while the geo-statistical analysis
techniques were area geometry computation, error matrix computation, temporal and spatial

autocorrelation.

The results of data analysis showed that there were seven land cover classes in Eastern Mau
Forest including indigenous forest, cropland, grassland, plantation forest, shrubland, built-up
area and bare ground. In the 1986-2014 period plantation forest changed by 19,007.91
hectares, grassland by 7,227.54 hectares, indigenous forest by 6,052.32 hectares, shrubland
by 3,008.79 hectares, cultivated fields by 57.96 hectares, built up area by 11.97 hectares and
bare ground by 5.94 hectares. The study concluded that there was more land cover change on
the eastern side of the area of study than on the western side; that indigenous and plantation
forests were the most likely land cover types to disappear; that cropland and built up area
expansions were the main drivers of land cover change; and that sustainable use of forest
resources would only be possible if expansion in cropland was checked or reduced. The study
therefore recommended that resettlement activities be reduced or eliminated in the Eastern
Mau Forest area. Excision of forest land for crop cultivation should not be encouraged.
Lastly, scientific research should be carried out on sustainable plantation forest activities and

favourable exotic tree species as a measure against unchecked cropland expansion.



CHAPTER ONE

1.0. INTRODUCTION

1.1. Background
Land cover change in forest ecosystems leads to forest degradation that has an effect of

lowering levels of carbon sequestration thereby increasing carbon emissions into the
atmosphere which consequently contributes to climate change. The land cover change in
Eastern Mau Forest that mostly results from the different conflicting interests leads to
massive forest loss. Little information is available on the amount of forest loss and this
requires appropriate tools and approaches like Geographical Information Systems and

Remote Sensing to determine the extent of forest destruction.

The main goal of this study was to determine the land cover changes that have taken place in
Eastern Mau Forest between 1986 and 2014 as a result of forest resources use conflicts in
form of different forest resources use interests. The study generated multi-temporal
information on land cover in the forest for 1986, 1995, 2003 and 2014, and looked at the
influence of forest resources use conflicts on land cover change in the Eastern Mau Forest.
The multi-temporal land cover information was generated from medium resolution Landsat
satellite images and this was later validated by field data collection through direct field
observation. Resource use conflict information in terms of the different drivers of land cover
change was also collected by visiting the area of study for direct field observation and

interviewing different stakeholders.

The problem of resource use conflict and its impact on natural environment is one that has
been felt in many parts of the world. Mostly, the impact has been degradation of the natural
environment. Destruction of forests is leading to a serious water crisis as perennial rivers are
becoming seasonal and downstream flooding of rivers is increasing. There is increasing loss
of biodiversity as well as increase in carbon dioxide emissions as a result of forest cover loss.
Poor soil and water resources conservation in deforested land leads to soil erosion and
decreasing crop vyields in areas of high agricultural potential. According to one of the Kenya
Forests Working Group reports (KFWG, 2001), the Mau forests complex decreased in area
by approximately 340km?, translating to 9% forest loss, from 1964 to 2000. Rapid population
growth and migrations to areas deemed to be favourable for agriculture are a concern in
tropical regions worldwide due to the resultant rapid deforestation and ecosystem
defragmentation (Tiffen et al, 1994).



Little information is available on spatial and temporal extent of land cover change that occurs
as a result of natural resource use conflict. It is important that appropriate tools and
approaches like Geographical Information Systems (GIS) and Remote Sensing are used to
make information available for decision making and planning (Quaddus and Siddique, 2001).
There is an enormous benefit gained by monitoring land cover changes as it provides
information regarding areas that have little or no access as well as enable more efficient and

cost effective land cover mapping (Maingi and Marsh, 2001).

Satellite images were interpreted and analysed using Geographical Information Systems
(GIS) to map and quantify the different land cover types in the different years covered in this
study and to also determine the land cover changes that have taken place in Eastern Mau
Forest between 1986 and 2014. This study created linkages between changes in land cover
that occur in the forest and the different ways in which different forest resources are utilized.
The ways of forest resources utilization that were linked to land cover changes include:
cultivation of crops, grazing of livestock, charcoal burning, firewood collection, bee keeping,
medicine and wild fruits extraction, cutting trees for construction of houses and timber

production by saw millers.

1.2. Statement of the Problem
Eastern Mau Forest Reserve continues to face the problem of deforestation due to the

occurrence of land cover change within that particular forest ecosystem. This deforestation
increases with time despite the fact that policies to safeguard forests against encroachment
have been put in place. This study determined the type and amount of land cover change that
occurred in Eastern Mau Forest between 1986 and 2014. The 1986 was used as the study
datum because it is when policy gazettement of forest excision started to create the Nyayo
Tea Zones from the natural forest conservation areas (KFMP, 1994). It was also in 1986 that
the government policy banned the shamba system to resettle communities outside of gazetted
forests (Adoyo et al, 2012), and it is this resettlement outside the forest conservancy areas
that originated the forests resource use conflicts. The two actions by the government were in
conflict with each other as a result of Nyayo Tea Zone Development Corporation
constructing settlements for their employees on gazetted forest land. The study, therefore,
determined the land cover change in general and deforestation in particular that had occurred
after the government had put in place the two policies that were aimed at protecting the

forest.



The study also determined the resource use conflicts that cause land cover change and
deforestation in Eastern Mau Forest. Most of the time, when an issue of deforestation is being
addressed, it is not looked at from the context of drivers of such destruction. It is important
that the dimension of drivers of deforestation should always be part of the strategies that
should be used in tackling such an issue. This is important because drivers of forest cover
change emanate from different conflicting interests which should not be neglected because if
they are not adequately addressed they will not fail to pose another challenge. All relevant
stakeholders should always be brought on board so as to tackle the different forest cover
change drivers. There should be initiatives to address both livelihood and conservation
priorities as a means of diffusing conflicts between the communities that use forest resources
and the state agencies responsible for forest resources conservation. Further, the study
determined means of using forest resources sustainably as a way of providing solutions to the

land cover change issues that result from different interests competing for forest resources.

1.2.1. Research Questions
This research attempted to solve the following questions:

1. What are the land cover changes that have taken place in Eastern Mau Forest between
1986 and 2014?

2. What are the resource use conflicts that cause land cover change in Eastern Mau
Forest?

3. What should be done to ensure that use of resources in Eastern Mau Forest is
sustainable and does not cause land cover change that degrades the environment?

1.3. Objective of the Study

1.3.1. General Objective
The general objective of the study was to determine the impact of resource use conflicts on

land cover change in the Eastern Mau Forest.

1.3.2. Specific Objectives
Specific objectives of the study were:

1. To determine the type and amount of spatial and temporal land cover change in
Eastern Mau Forest between 1986 and 2014.

2. To determine the drivers of land cover change in Eastern Mau Forest between 1986
and 2014.



3. To determine sustainable ways of using forest resources to minimize land cover

change in Eastern Mau Forest.

1.4. Research Hypotheses
The hypotheses that were tested in this research were three null hypotheses. These hypotheses

are:

1. There was no significant land cover change in Eastern Mau Forest between 1986 and
2014.

2. The drivers of land cover change in Eastern Mau Forest did not have a significant
impact on forest cover change that occurred between 1986 and 2014.

3. There are no significant sustainable ways of using forest resources in Eastern Mau

Forest.

1.5. Justification of the Study
It is important to generate information on the extent and impact of human activities on the

natural environment. The generated information forms the basis for promoting sustainable
development. This creates the need for a holistic approach that integrates information from
different sources and enrich what is already existing. It is because of this need that the study
used Remote Sensing and Geographical Information System tools to provide a platform for
integrating such information and provide results on the types, amounts, trends and drivers of
environmental change. Once these tools have been used to identify the available
environmental problems and the underlying causes then it becomes easy to bring different
stakeholders on board for the sake of tackling the common challenge as stipulated by Agenda
21 which prepared frameworks for bringing governments, Non-Governmental Organizations,
businesses and universities into a joint effort to resolve the issues that could prevent the

realization of sustainable development.

Information from previous studies in Eastern Mau forest indicate that plantation forests have
been used in restoring forest degraded areas and provide economic value from their
extraction. These studies did not bring out the fact that some exotic tree species like cypress
and eucalyptus in the established plantation forests completely changed the original
biodiversity state of the area because most of the herbaceous vegetation that previously
existed in that area could no longer grow there after introduction of these exotic tree species.
It is important to bring out the fact that it is necessary to do further research on the best ways

of restoring degraded parts of the forest without changing the original indigenous state of the



forest environment. This can be achieved by identifying exotic tree species that are
favourable to the particular environment of concern. It is also important to show that the
favourable plantation forests can be used to create a buffer around the Eastern Mau Forest
area as a way of checking forest encroachment.

There is need to highlight the fact that there exists a gap on the guidelines on how the benefits
from gazetted forests should be shared between the government and the local people who stay
next to forests. This tends to discourage the local people from conserving forests as they hold
the view that it is only the government that benefits from forest resources. It is, therefore,
necessary to have clear guidelines on sharing of benefits that come from forest resources.
This can be achieved by advocating for having relevant policies in place and ensuring their

implementation. This is one way of ensuring that there is no further loss of forest cover.

1.6. Scope and Limitations

1.6.1. Scope
This study covered Eastern Mau Forest reserve with a spatial area of 659 km? within the Mau

Forests Complex. The duration covered is 28 years from 1986 to 2014 with four time series
covering 1986, 1995, 2003 and 2014. The study determined the land cover types in Eastern
Mau Forest based on satellite imagery interpretation and field validation. Land cover statuses
for the four different years covered were generated and land cover changes determined. The
determined land cover changes were for the periods 1986-1995, 1995-2003, 2003-2014, and
the overall change of between 1986 and 2014.

The study determined the different drivers of land cover change that come up in form of
different conflicting interests in terms of resource use in Eastern Mau Forest and how they
have impacted on the land cover changes that have been experienced between 1986 and 2014.
It also determined the different unsustainable ways of using forest resources in Eastern Mau

Forest contributing to land cover change.

The study generated information that will inform the relevant authorities like policy makers,
planners and administrators on the land cover status in the Eastern Mau Forest, impact that
comes from different resource use interests and unsustainable ways of using forest resources
in Kenya and particularly in Eastern Mau Forest. It also gave recommendations on the
policies that should be reviewed for sustainability of Eastern Mau Forest resources. Other
recommendations were on the further research that should be done to help check the

continued land cover change in Eastern Mau Forest.



1.6.2. Limitations
This study like many other studies had some limitations. First, the study had been planned to

cover 30 years, from 1984 to 2014 with a 10 year interval between different years covered.
This was not possible due to lack of cloudy free same season images for land cover
interpretation. It is important that the images chosen for different years must be of the same
season to enable realistic comparison between them. The season that was chosen for this
study was that between January and February. Some of the available satellite images of 1984,
1994, 2004 and 2014 falling in that season were too cloudy to be used. It is because of this
limitation that the years of study were changed to 1986, 1995, 2003 and 2014. This resulted
in having a four time series land cover classification without a uniform interval between the

years covered in the study.

There was a limitation in field data validation for 1986, 1995 and 2003 land cover
classification generated from satellite images. This was because fieldwork was carried out in
2014 and the data collected from the field was used to validate all data sets from 1986 to
2014. It was not possible to go back in time and get field data of 1986, 1995 and 2003.

The study had a limitation of not being in a position to get all information on the drivers of
land cover change in Eastern Mau Forest. This is because most of the key informants who
provided information on the drivers of land cover change were themselves staying within the
forest boundary. It is, therefore, possible that they could conceal some information from the
researcher regarding the activities they are involved in, especially if those activities are
considered to be illegal and lead to land cover change.

1.6. Operational Definitions
Biodiversity — Variety of different indigenous herbaceous plants native to Eastern Mau

Forest.

Error Matrix - Tabular summary of comparisons between preliminary satellite interpretation
data and field validated satellite interpretation data that shows the level of

accuracy in satellite image classification.

Geo-Information — Technology that integrates Remote Sensing, Geographical Information
System and Global Positioning System to capture, analyse and present data about

earth’s physical environment.



Geographical Information System — A system that captures, analyses, manipulates, stores
and manages spatial data for provision of information about the earth’s physical

environment.

Green House Gases — Atmospheric gases that trap radiation from the sun leading to
increased heat in the atmosphere in the same way a greenhouse traps sun’s

radiation without allowing it to escape.

Image Geo-rectification — A process of adjusting images of the same place captured at
different times to the same spatial position in cases where there is a shift between
them.

Image Layer-stacking — Creating a multi-coloured image by combining different grey-

coloured image bands for different light channel radiations.

Image Sub-setting — A process of removing parts of a satellite image that are outside the

area of study boundary.
Indigenous Forest — A forest comprised of naturally established trees.

Land Cover Change — Change from one type of physical cover of the earth’s surface to
another.

Plantation Forest — A forest comprised of exotic tree species.

Producer’s Accuracy — A measure of how accurate a satellite image has been classified

given the omission of some parts of the image from classes they should belong.

Remote Sensing — Technology of acquiring information about the earth’s surface features
without being in contact with those features physically, process, analyse and

present that information.

User’s Accuracy — A measure of how accurate a satellite image has been classified given

inclusion of some parts of the image in classes where they should not belong.



CHAPTER TWO

2.0. LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK

2.1. Introduction
The purpose of this review was to have a better understanding of land cover change and how

it contributes to deforestation. It informed the researcher on the previous land cover change
studies that have been carried out in different parts of the world as well as in the Mau Forests
Complex itself. It was aimed at ensuring that there is no duplication of what has already been
done. Strengths, gaps and weaknesses of similar studies done in the past were identified.
Moreover, it was the basis for establishment of the theoretical framework for the topic of
study. Literature review was done in a thematic structure where themes and topics related to
forests, land cover change and geo-information technologies were covered. Themes and
topics were looked at starting from the broad perspective to specific context. This was
covered from the global context before coming to the African continent, East African region,

Kenya and then the Mau Forests Complex.

2.2. The Review

2.2.1. Land Cover
Land cover refers to the elements of land surface that are of different compositions and bear

different characteristics (Cihlar, 2000). It is composed of different types including forests,
shrubs, grasslands, cropland, bare ground and built up area among others. Forest land cover
type provide a range of ecosystem services, and healthy ecosystems support most of the
planet’s biodiversity. Global environmental goods and services are safeguarded by forests,
especially the tropical forests that are mostly found in the developing countries. Forests
support more than 1.6 billion people worldwide. This support comes in form of food, fuel and
medicine supply as well as provision of livestock grazing areas (UNEP, et al, 2009). The
demand for forest ecosystem services increases with the increase in human population
(USDA, 2008). Shrubs as a land cover type vary depending on environmental circumstances
like climate and soil type. In some environments shrubs grow to become trees while in others
they do not. For instance, in arid and semi-arid climates most shrubs do not grow to a height
of being considered as trees in a later stage (McArthur, et al, 2007). Grassland cover type

refers to open spaces dominated by grass vegetation type (Sam, 2000).

The United Nations Conference on Environment and Development (UNECD), widely
referred to as the Earth Summit, that was held in Rio de Janeiro in 1992, put a lot of emphasis

on “Sustainable Development” which is development that provides for the needs of the
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present generation without compromising the capability of the environment to provide for the
needs of the future generation (WCED, 1987). Since then “Sustainable Development” has
become a fashionable phrase in our daily conversations especially as regards the environment
and development. This is an indication of our awareness of human induced influences and
environmental crises such as ozone layer depletion, global warming and climate change. This
then poses a question of how the environment should be used to provide sustainable
development. A sustainable society should persist over generations and be considerable
enough to safeguard both its physical and social systems of support.

2.2.2. Forest Resource
Internationally, there are several agreements which touch on the conservation and

management of forests due to the high importance attached to forest as a resource. These
agreements include the 1971 Ramsar Convention, the 1992 Convention on Biological
Diversity (CBD), the 1992 United Nations Framework Convention on Climate Change
(UNFCCC), and the 1997 Kyoto Protocol, among others. According to the United Nations
World Commission on Environment and Development (WCED) Report, famously known as
Brundtland Report of 1987, there is need to raise the level of understanding and commitment
to action on the part of individuals, voluntary organizations, businesses, institutes and
governments in the areas of population, food security, the loss of species and genetic
resources, energy, industry, and human settlements in relation to how they affect the
environment (WCED, 1987).

African forests can be generally classified into six tropical and sub-tropical categories. These
categories include rainy forests, moisty forests, dry forests, mountain forests, humid forests
and plantation forests. African forests play an important role of supporting economic
development from community to national level especially in Eastern, Central and Western
regions that are endowed with considerable forest cover. In spite of this, only 32.5 hectares,
or 5 percent of the total forest land, are formally protected (UNEP, 2006). Forests have a core
role in ensuring that long-term socio-economic development goals of New Partnership for
African Development (NEPAD) are met. In the East African region, policy issues in
management of montane forests are deliberated upon under the umbrella of the East Africa
Community which oversees the East African Treaty of 1999 (Better Globe, 2009). African
forests have the highest contribution of 6 percent to Gross Domestic Product as compared to

forests in other parts of the world. Forests in Uganda contribute to the nation’s development



economically by providing in excess of US$ 546.6 million through forestry, agriculture,
energy and tourism (NEMA, 2008).

The state of Rwanda’s forests and woodlands and their importance to the national economy is
also well documented. Forests are designated as protected areas which host game parks and
forest reserves and make economic contributions to the nation through supply of wood fuel
and charcoal renewable energy sources. They also make an indirect contribution to
sustainable agriculture and are sources of medicines, fodder, honey, essential oils, as well as
handicraft and construction materials. However, they are also threatened with mining, fires
and poaching (REMA & UNEP, 2009). The largest forests in Kenya are five montane forest
water towers including the Mau Forests Complex, Mount Kenya, the Aberdares Range,
Mount Elgon and the Cherenganyi Hills. Most of the Kenyan main rivers have their upper
catchments in these forests. They are sources of water for irrigation, agriculture, industrial
processes and for the installed hydro-power plants. They provide timber and non-timber
products to forest adjacent communities. However, their rampant destruction through
extensive irregular allocation of parts of forest land to private holders is a matter of national
concern (Akotsi et al, 2006).

The rivers that have their upper catchments in the Mau Forests Complex in Kenya feed into
five lakes. Three of these lakes are international water bodies and they include Lake Victoria
(shared by Uganda, Kenya and Tanzania), Lake Natron (shared by Tanzania and Kenya) and
Lake Turkana (shared by Ethiopia and Kenya). The rivers that feed into Lake Victoria form
part of the Nile Basin. Increased sedimentation from these rivers and from Kagera River
annually costs farmers in excess of US$ 40 million worth of lost soil. The highest sediment
load is experienced during flash floods and can be controlled by maintaining a good forest
cover in the upper catchment areas (Better Globe, 2009). In this regard, regional programmes
such as the Nile Basin Initiative and others which focus on safeguarding common resources
such as Lake Victoria should be facilitated to fulfil their mandates (UNEP, 2007).

2.2.3. Land Cover Change
Land cover change refers to changing of a land cover type to a different other cover type.

This includes change from forest land cover to other land cover types. Deforestation that
occurs in most parts of the world forests comprises part of the global land cover change. The
net annual global deforestation rate is approximately 11.3 hectares, taking into account
increases and decreases of forest area. The rate of deforestation of natural forests in

developing countries between 1990 and 1995 was estimated to be 13.7 hectares per annum
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(FAO, 2012)