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ABSTRACT
Growing population in vulnerable semi-arid areas has led to exerted pressure on the land, which often
has resulted in severe degraded land, soil erosion and sedimentation of open water bodies. The Lake
Baringo region, in mid-west Kenya, exemplifies most of the problems of those marginal areas. The
lake is situated in a semi-arid area but its catchment is characterized by large topographic gradients
giving rise to considerable climatic and ecological differences.

This Minor Field Study (MFS) focus on the environmental degradation in the catchment of Lake
Baringo and on the physical causes and consequences of the factors contributing to the constant
shrinkage of the lake, as altered hydrological conditions, climatic change, land cover changes and soil
erosion. Also social and cultural aspects have been taken into account. Several methods have been
used in this study, including field work, remote sensing, data analysis and interviews.

During the last decades both the depth and the area of Lake Baringo has decreased dramatically. The
study show that the shrinkage of the lake is due to both siltation and inadequate water volumes
flowing to the lake resulting in a negative water balance. The increased erosion and sediment transport
to the lake and changed hydrologic pattern is primarily caused by altered landcover, as deforestation,
in the catchment area, but amplified by changed rainfall conditions. The rainfall data show a slight
decreasing trend, but the year-to-year variability of the precipitation is very large so the uncertainty is
high. However, our data clearly indicate a significant decrease in the frequency of rainy days. This
could mean enlarged rainfall intensity, since the rainfall amount per rainy day is increasing. Even a
small increase of intensity could have large effect on the soil erosion since the rains often fall on
poorly protected soil with extreme erodibility and very high runoff yield. The soil erosion has a large
impact on the arable land, water availability, etc. The bare land is increasing mainly a result of
extensive overgrazing, which leads to a constantly decreasing vegetation cover. The changed
landcover is in many respects an effect of the increased population combined with the large social
importance of livestock. The interviews show that a key factor to solve the overgrazing problems
could be to privatise the land.
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PREFACE
This study has been conducted as a 20p project in Physical geography at the Department of
Earth Science, Göteborg University, Sweden. The preparatory work started and a scholarship
application was written in August 2001, with Mira Ovuka and Sven Lindqvist as supervisors.
With support from the Department for Peace and Development research, Göteborg University
we got a scholarship from Swedish International Development Agency, SIDA, - a so called
Minor Field Study, MFS. This is a grant program with the aim to give Swedish students the
opportunity to improve their knowledge about developing countries. The field study was
conducted from January to April 2002 in Marigat, Baringo District, Kenya. In our field work
we where supported by the GEF/UNEP project, Lake Baringo Land and Water Management
Project, with Anna Tengberg, Mohamed Awer and Phillip Kisoyan as supervisors. Most of
the time was spend in the field around Lake Baringo, but we also visited Egerton University,
Nakuru and different institutions in Nairobi.

The fieldwork in Kenya was conducted entirely together. During the writing phase the work
was divided so Jenny was responsible for the climate and the impacts of the deforestation,
while Jakob was responsible for the Lake Baringo, the hydrology and the lowland erosion.
The remainder, connections between the parts and the conclusion, was written together.
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1. INTRODUCTION
Tendency to use the best land first, regardless of the scale of the land, have always controlled
settlements and their expansion. But with growing demand for the products of the land – food,
fuel, shelter etc. – it is has been necessary to use land less suitable for agriculture or land in
less favourable climate (Hudson 1987).

In Kenya arid and semi-arid land (ASAL) covers 80% of the country (Sutherland et al. 1990).
Around 30% of the population live in those harsh ASAL areas (Sanyu 2001). Improved
management of semi-arid regions is vitally important in many countries and especially in
Kenya, where most of the population lives in the crowded 20% of the country with moderate
to high rainfall. The semi-arid regions are now the only areas still available for an agricultural
expansion, an expansion that is not avoidable due to a constantly growing population. Kenya
is facing one of the highest annual population growth rates in the world, estimated in 2000 to
2.3 % per year (World Bank 2000). The growing population combined with limited land
availability in the agriculturally productive highlands have led to increasing immigration to
marginal areas in spite of their ecological limitations. But since those marginal and moisture
deficit regions are vulnerable, to the increased population, the exerted pressure has often
resulted in severe degraded land, soil erosion and sedimentation of open water bodies.

In Kenya soil erosion is still one of the most important land problems (Sutherland et al. 1990,
Thomas et al. 1997) as it was in 1937 (Stockdale 1937). Extensive soil erosion has negative
effects on the land resources, the soil productivity and the size of available agricultural land
but also on open water, as streams and lakes, through its detachment, transportation and
deposition of sediments. In Baringo District, in mid-west Kenya, where most areas are in the
ASAL’s region degradation is not a new problem. It has been recognised since the 1930’s
(Sutherland et al. 1990). However, this problem has taken a new meaning with the
considerable immigration of people into this marginal dry area and a growing population. The
Baringo region exemplifies most of the problems of marginal semi-arid areas. Constant water
shortages and environmental deterioration restrict productive agriculture and livestock
keeping, i.e. the local people’s primary livelihood (Sanyu 2001).

Our study focus on the environmental degradation in the catchment of Lake Baringo and on
the causes and consequences of the factors contributing to the constant shrinkage of the lake,
as altered hydrological conditions, climatic change, land cover changes and soil erosion. The
 most visible sign of the degradation is soil erosion. Sheet and rill erosion are evident
throughout the district, and gully erosion is widespread along river systems and on the valley
floor plains. The erosion is a threat to the cultivatable land, both where it is used for
agriculture or grazing, to the water quality and to the survival of the shrinking Lake Baringo
due to sedimentation. Lake Baringo is situated down at the dry semi-arid Rift Valley floor and
vital for the people around it but its catchment is stretching up on the surrounding slopes to
the humid highlands. Therefore, contributing causes to the erosion and the sedimentation of
Lake Baringo can be found all over the district and to get the right picture none of them can
be ignored. People’s perceptions of the problems are also studied since many social and
cultural factors have effects on the environment.
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1.1. Objectives
The general objective of this study is to examine the causes of the deteriorated environmental
conditions in and around the Lake Baringo, situated in a semi-arid region in mid-west Kenya
through our own field observations, remote sensing, data analysis and interviews. Focus has
primarily been on physical factors, but social and cultural aspects have been taken into
account.

To understand the causal relationships the following related questions have to be answered:

§ Are there any historical changes regarding climate, erosion, hydrology, landcover,
population etc. in the catchment and what are the consequences?

§ What are the causes behind the extensive soil erosion in the catchment? Which physical
factors and socio/economic problems are dominating? Is the erosion induced by a climatic
change?

§ In what way do the soil erosion processes differ between different geographic areas of the
catchment? Could the processes in the different regions be connected?

§ What are people’s attitudes and awareness of the problems like, and do the opinions go
apart in different parts of the catchment?
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2. THE STUDY AREA

2.1. Lake Baringo
Lake Baringo is one of Kenya’s largest freshwater lakes and located down at the Rift Valley
floor in the west central parts of the country (Fig. 1). Its inhabitants include hippos and
crocodiles as well as amazing birdlife. Over 450 bird species have been seen at the lake.
Historically the lake has been very important for the fishing industry as well as a freshwater
reserve for livestock. But now it is unfortunately changing. In 1975 the lake was 8.6 meter
deep, 2001 the lake depth was 2.15 meter (Meyerhoff 2001). If nothing is done to change the
trend, the lake will become a swamp within a decade.

In 1970 there were seven perennial rivers in Lake Baringo catchment. Today only two of
them remain; the rivers Perkerra and Molo (Fig 2). Both have their outlets in the southern part
of the lake. The rest of the rivers have become ephemeral like the other watercourses in the
area. The once so important fishing industry around the lake has closed nowadays, the water
is brown and the pH is rising because of all sodic soils discharged into the water (Meyerhoff
2001).

Despite the fresh water in the lake a surface outlet is missing. But water in Lake Baringo is
considered to egress in its northern end and form a groundwater runoff, which emerges at
Kapedo springs 110 km north of Lake Baringo (Sanyu 2001).

2.2. Geology
The formation of the Rift Valley is a continual process but the latest period of increased
tectonic activity that gave the Rift valley much of its present shape took place during the mid-
Pleistocene (Morgan 1969). The valley opened up as magmatic hot spots separated the ground
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creating the today vertical north-south stretching escarpments. This resulted in a landscape of
various topographic features and high altitude differences (Fig 3 & 4).
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The higher regions of the Lake Baringo catchment consist of older tertiary volcanic rocks,
mainly basalts (MALDM 1994). Here the landscape is shifting from high-level uplands, to
mountains, mountain slopes, major Rift Valley escarpments and to hills and uplands at the
foot of Tugen Hills. Further down at the steep and grid faulted basalt plateaus of the Rift
Valley floor the volcanic basalt rocks are of younger quaternary origin. Bedded ash deposits
are also to be found. Plains of quaternary sediments derived from volcanic rocks cover large
parts of the valley floor, although flat or very gently sloping alluvium and piedmont plains are
stretching south and southwest of Lake Baringo. Alluvium is also found in the narrow areas
just surrounding the lake. North of Lake Baringo sub recent volcanic hills are mounting. The
hills are surrounded by lava floors, partly covered by ashes.

2.3. Groundwater
There are not many suitable groundwater aquifers in the area around Lake Baringo. Large
parts of the area are volcanic-, or basement rocks where the available water is concentrated to
fissure zones or parts with weathered basement rock. In the parts of the Rift Valley covered
with sedimentary deposits the groundwater yield is larger in the alluvial deposits and buried
river channels (Sanyu 2001). But even if groundwater is available by using boreholes the
quality is bad because of high fluoride content. In most areas it exceeds the recommended
drinking water standard in Kenya. This means that it is not suitable for either domestic or
livestock use. Fluoride compounds come to the surface in the centre of the Rift Valley from a
line of hot springs, with Lake Bogoria at the southern end as the most well known of them.
For this reason Lake Bogoria, Loboi River and the groundwater on the Loboi plain, north of
the lake, have very high fluoride concentrations (Sanyu 2001).

2.4. Climate

2.4.1. Climatic Zones

Lake Baringo is located down at the Rift Valley floor in parts of Kenya classified as semi arid
(Wahome 1984), around 60 km north of the Equator. The lowland of the valley is a dry
corridor but, though quite short distances, the Lake Baringo catchment area is stretching from
everything between dry arid areas with bare sparse vegetated ground to more humid,
cultivated and lush regions. These differences are due to large variations in altitude, ranging
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Nakuru
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W

E

Fig. 4 – Topographic model over the catchment
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from over 2200 m.a.s.l. at the Tugen Hills to under 900 m.a.s.l. in the central and northern
parts of the catchment (Fig. 4).

The spatial rainfall distribution in the catchment and its temperature pattern is easily
correlated with the topography. Rainfall varies from approximately 1200 mm a year in the
highlands to less than 600 mm a year down at the northern valley floor around Lake Baringo
(MALDM 1994) (Fig. 8). Some variability corresponds with the localised nature of
convective rainfall, with individual cells of limited extent. The lowland experiences a hot and
dry climate, with an annual mean temperature above 30°C (Sanyu 2001) in combination with
low precipitation. Along with the increasing elevation, as the landscape is rising uphill from
the lake, the temperature gradually goes down to an annual mean at 25°C and the more humid
climate characterizes the higher zones including Tugen Hills, Eldama Ravine and Laikipia
Plateau.

2.4.2. Rainfall regimes

The general annual rainfall variations in Kenya and in the Baringo area, follows the passage
of the Intertropical Convergence Zone (ITCZ) and the changes in wind directions, which are
accompanied by dramatic shifts in precipitation regimes between very dry and very rainy. The
rainfall regime of Kenya is dominated by two mainly dry seasons, and two rainy seasons. The
rainy seasons are known as the “long rains” (March-June) and the “short rains” (October-
November). This is a simplified picture of the Kenyan rainfall regime. In the reality the local
pattern are more complex because of the influence of the north-south trending mountain
ranges and the Rift Valley (Davies et al. 1995). The monthly rainfall distribution at Lake
Baringo mainly follows the typical bimodal pattern. The short rains occur in October-
November and the long ones in April to August. But the long rains consist of two major
peaks, one in April-May and one in July-August. That second peak in July-August is the
major contributor to the Baringo region’s noticeable divergence from the typical two-rainy
season pattern.

The most southerly position of the ITZC occurs in January when the establishment of the
northeast trades occur. During December to February the western parts of the country,
including the Baringo region, are dominated by very dry winds from the Sahara (Ojany &
Ogendo 1988), but stable conditions and low rainfall characterize this period in the whole
country. From March to June the northeast flow weaken and a low-pressure system over Lake
Victoria give rise to convergent easterly flow bringing moist air from the southern Indian
Ocean (Sutherland et al. 1991) and thus produce the first rains of the year (the long rains) as
the ITCZ is moving northward. The ITCZ usually hits the Baringo region in the end March or
beginning of April, which indicate the start of the wet season there. The most northerly
position of the ITCZ occurs in July, over the Sudan. From June to September the southeast
trade winds bring maritime air from the Indian Ocean, but despite the maritime origin of the
air this is a dry season for large parts of the country. But in the Baringo region the rainfall
continues and intensifies in July-August once again. It has been suggested (Davies et al. 1995,
Sutherland et al. 1991) that this second peak is caused by high, naturally unstable, winds
known as the Congo Airstream penetrating from the southwest through Equatorial Africa.
Another explanation includes interactions between convective thunderstorms, associated with
breezes initiated by the pressure of Lake Victoria, and westerlies amplified by the Congo
Airstream (Camberlin 1996). From September to November the ITCZ retreats, and as the
south trade almost has disappeared it’s replaced by strengthened easterlies carrying moisture
from the ocean (Ojany & Ogendo 1988). The convergence creates the second rainy season in
October and November, i.e. the “short rains”, in Baringo as well as in the whole country.
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2.4.3. Temperature
When it comes to fluctuations during the year the temperature is much more stable than the
precipitation and has none of the extremes characterizing the rainfall distribution. But the
temperature does vary and it follows the annual rainfall pattern with relatively cold June to
October months and with December to March as the hottest. In the lowlands and up along the
slopes the daily mean temperature varies from around 15° to 35°C (Sanyu 2001) while it
eventually can drop below 10°C during the colder months in the elevated western areas.

2.5. Vegetation & soils
Vegetation change is remarkable along the topographic gradients, including temperate forests
in the highlands to desert shrubs, such as drier acacia-species, on the valley floors.

The highlands of the south and south west of the catchment area and the summits of Tugen
Hills are partly occupied by evergreen forest. The soil consists of clay and clay loams with
various depths (Fig. 5). Thanks to high productive potential, most of the area, except the
remaining evergreen forest, has been converted to farms, pastures and plantation forests. The
top of the eastern rift escarpment is covered by evergreen bushland. The slopes of Tugen Hills
and eastern rift are occupied by evergreen and semi-deciduous bushland, as well as at parts of
Eldama Ravine. Those are areas with many farms and some rangeland. At the foot of the hills
semi-deciduous wooded grassland covers most of the area.

Fig. 5 – Soil & Landform Map, northern
part of Baringo catchment,
(MALDM 1994), Legend in
appendix 2

0 10 20 30 40 km
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Soils of clay loam are generally formed on mostly old (Pliocene) volcanic rocks. They are
relatively shallow and infertile and often very stony due to the generally long and steep
slopes. Evergreen wooded grassland is found in the Arabal Valley and lower parts of the
eastern escarpment. The grass is perennial and thus important forage in the area.

The lower parts of the catchment area are very flat and have relatively fertile soils of coarser
loam and clay. Semi-deciduous woodland dominates, especially along rivers and northern part
of the Njemps flat. The area just west of Lake Baringo is one of the most severely degraded
semi-arid areas in Kenya (Sutherland et al. 1991) and occasional floods take place, carrying
soils as well as gravel to Lake Baringo. This is natural vegetated grassland, with some Acacia-
dominated thornbush. Tree cover is still widespread, but intensive grazing pressure have
unfortunately led to a large disappearance of perennial grasses, and ground cover is almost
nonexistent, particularly during the dry seasons and drought. Vegetation gradually changes to
deciduous and semi-deciduous bushland as one goes south along the lower parts of the
catchment. Deciduous shrubland can also be found at the valley floor in the driest and
probably least productive areas. A flat, narrow strip surrounding Lake Baringo and areas
south of it are permanent swamps and seasonally flooded. The good grass makes it into
excellent grazing land. Soils here are associated with sedimentary lake deposits and
alluviums.

2.5.1. Landuse

The climate gives rise to steep environmental gradients, most significant in the east-west
direction due to the steep Rift Valley escarpments, but also in north-south though more gently
sloping. Those topographic derived gradients strongly influence the living conditions, and the
catchment consists of several agro-ecological zones giving rise to different landuse patterns
(Table 1). The two extremes are the highlands on one side – a tropical zone with well-drained
fertile soils suitable for various land use systems – and the lowlands on the other – a semi-arid
zone with complex soils of various textures and drainage conditions, consisting of rangeland
with livestock production as the main economic activity (UNEP 2000).

Table 1 - Landuse pattern  in Baringo District (OVPMPND 1997)

Although pastoralism is the main income source in the lowlands. The lands limited carrying
capacity for livestock and the low price of animals has led to an increasing number of
households starting to enlarge their activities with some farming. Maize that is the main crop
is the most productive. Maize is however more susceptible to drought than sorghum and
millet, which were main crops in the past before the colonisation.

To steep or to dry for agriculture46,3 %
Inner lowland and lower midland ranching zones. Irrigation is practised in areas with
alluvial valley soils and areas with potential for ground water.
Semi-arid and risky for agriculture33,1 %
Maize, sunflower and marginal cotton are grown on alluvial plains with ground water.
Good for cotton growing on limited acreage and livestock.
Semi-arid, weak performance in growth, humid seasons5,9 %
Coffee and dairy zone. Marginal area due to high altitude and gully erosion.
Good performance in rainfed agriculture5,8 %
Lower highland zone suitable for pyrethrum, maize, cabbages, kales, potatoes and
other vegetables.
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2.6. History of soil erosion and conservation
The Baringo area is first described in European literature during the 19th century. Arab traders
on the route between the coast and Uganda or eastern Zaire describe the Il Chamus
community as one of the most dependable sources of grain on the entire route (Sanyu 2001).
Water and grass was available all year around. This attracted pastoralist from other areas and
the population congestion started.

During the colonization in the early 1900’s, the colonial government set aside high potential
areas for the exclusive use of the European farmers, called white highland (Eriksson 1992).
Areas in the southern part of the catchment, around Nakuru and the Laikipia plateau, were
turned into European owned ranches.  For the African majority this meant that they were
restricted to smaller areas allotted to each ethnic group. Those areas was controlled by chiefs
and headmen appointed by the colonial government. Their mission was among others to
ensure the maintenance of the numerous commercial and agriculture restrictions, including a
ban of growing a variety of cash crops.

On southern Tugen Hills there was a serious competition for land with the whites. The Tugen
were forced to move north where they competed for the land with the Il Chamus (chapter 2.7).
The loss of the Laikipia plateau was a hard blow for the Il Chamus. This had traditionally,
until 1920’s, been used for dry season pasture. The colonial disturbance of traditional landuse
together with an accelerated population and livestock growth resulted in overgrazing. There is
no long-term erosion data but accelerated soil erosion is believed to have started around 1920
and by 1930’s erosion was widespread and sedimentation in Lake Baringo was marked
(Bryan & Sutherland 1992).

In pace with the increased pressure on the land during the hole 20th century more and more of
the native forest was cut down and transformed to cultivated land. During the 1920’s and
beginning of the 1930’s a couple of serious droughts contributed to the degradation of the
land. In the 1930’s land degradation, drought and overgrazing were recognized as a problem
of the colonial administration and in 1938 a Soil Conservation Service was established within
the Department of Agriculture (Eriksson 1992). In the white highlands tractors were used to
make terraces after models mainly adopted from America. Other measures to avoid erosion
were: discouragement of cultivation rotation, prohibition of cultivation on steep slopes and
encouragement of fencing for bush clearing and grass planting. But in the absence of effective
extension the adoption was low and so was the impact on soil erosion. An important reason
for this was that the native farmers often were forced to hand-dig terraces on their farms and
schools with steep slopes were ordered to practise terracing on their compound. If they
refused they were punished. Therefore people hated this work that bore the name “gardening”.
As a result people came to dislike soil conservation (Eriksson 1992).

This made the situation even worse after the liberation in 1963. “The agitators for freedom
claimed that if you could get rid of the colonial yoke, you would not be forced to do soil
conservation work. This was misunderstood to mean that once free, soil conservation would
not be needed. The concept of soil conservation was indeed so tainted by the connotation of
forced labour that no politician or administrator could mention it” (Eriksson 1992). Therefore
the problem with soil erosion increased in Kenya in the 1960’s when the approach to soil
conservation changed from enforcement to advisory. This led to a temporary breakdown of
soil conservation activities (Denga et al.).
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During the 1970’s soil conservation and land reclamation projects funded by aid agencies,
including the Worldbank and FAO, expanded dramatically. Unfortunately most of those early
projects failed, often because of the top-down perspective of the projects. People were willing
to work as long as someone paid them. But when the project was over the work was
abandoned.

Since then the population growth has been enormous, both because of large family sizes and
the immigration of refugees. The main source of revenue is still the livestock, so the pressure
of the land has increased even more and so has the soil erosion. On the highland, where
people mainly live off agriculture, some projects to promote terracing were conducted during
the late 1980’s and beginning of the 1990’s quite successfully. Unfortunately the problem
remains since the population is increasing; new steeper or forested areas are cultivated. In the
southern part of the catchment the situation is reasonably stable with a more large-scale
farming. On the lowland in the north tens of soil erosion or land degradation projects have
failed. During the last decade projects have changed to a more bottom-up approach, and
thereby getting the activities more rooted among the population. But still a lot of work
remains to do to save Lake Baringo, no projects have yet changed the situation in any larger
part of the catchment

2.7. Population
The population in the study area belongs to three main ethnic groups. Pokot (35%), Tugen
(53%) and Njemps or Il Chamus (12%) (Bryan & Sutherland 1992). All groups are more and
less agro-pastoralists. Pokot who inhibit the northern part of the area are heavily dependent on
livestock and in particular goats. The animals have, apart from the basics of giving them meat,
blood and milk, a big social and cultural value. Il Chamus inhabit the lowland close to Lake
Baringo. They combine rainfed cultivation with some irrigation, but are mainly livestock
keepers as well. Tugen originated in the surrounding uplands, but have progressively
expanded down into the valley floor. The ones settled up on the humid hills with good
conditions for rainfed farming are full-time agriculturalist.

Between the two latest population censuses, 1989 and 1999, the population has been growing
from 220 922 to 265 241 (DSO 1996). With a calculated population growth rate at 2.65 %
(OVPMPND 2002) the population is projected to 286 905 this year (i.e. 2002) and to 336 346
in 2008 (Fig. 6).
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The historical immigration and the natural population growth led to a tenfold increase of the
population in the fifty years between 1948 and 1999 in the region close to Lake Baringo. The
population density increased from 4.4 to 44 persons per km2 during those years (Sanyu 2001,
Sanyu’s study area), an expansion which of course affects a region with sparse resources like
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Baringo in many ways. The population is not evenly distributed in the district. In 1999 143
persons lived per km2 in the division with the highest density (Kabarnet) compared with 12 in
the one with lowest density (Kollowa) (OVPMPND 2002)

The population structure shows that most people in the area are very young (Fig.7). Over 60
% of the population is under 20 years (calculated from Population Projections by Age,
OVPMPND 2002).

2.8. Living conditions
To be able to get the whole picture of the Lake Baringo region and to better understand the
situation existing for the people of a poor, semi-arid area some account of their daily living
conditions are necessary. Without understanding their basic needs and priorities today it will
be impossible in the future to solve environmental problems like soil erosion and siltation of
Lake Baringo.

The major livelihood activities in the lower parts of the catchment are herding animals like
cattle, sheep but mainly goats and some irrigated and rainfed farming. Since most people are
pastoralists in the lowland and midland areas and the livestock has a very important role, both
economically and socially. The livestock constitute savings as well as insurances. When a
household needs money they sell some of their livestock. The size of the herd also has a big
cultural importance. Among the Pokot for instance, both personal status and possibilities to
get married are connected to goat possession.

In the southernmost part of the catchment and in the humid highland regions the agriculture is
the dominating livelihood. Landuse patterns might be affected by the fact that the ownership
of the land is not well defined. Most land is still communal, except from the highlands where
land is considered as private even if this is not formally true. Many people in the area are
dependent on food aid several months of the year. The families are often young and large; the
average household consists of 8 persons (Aboudh et al. 2002). Some families are also
polygamous.

The education status is generally low. The primary school enrolment ratio for 6-14 years old
children in the Baringo District is 43% (OVPMPND 2002). When the 1989 census of Baringo
District was made the literacy ratio was 37%. Most families live in one-room semi permanent
houses with walls made of wood, mud and cow dung and a grass-covered roof. Better off
households tend to have houses with iron sheets. Firewood is the main fuel for cooking,
except in Marigat Town and during the rainy season when people have to rely on charcoal.

Except from in the towns very few houses have toilets and piped water. Instead women and
children take water from rivers, canals, lakes and pan dams sometimes many kilometres away.
Especially during the dry season it can be far to a reliable water source. The need for clean
water is prevailing since many watercourses and reservoirs are threatened by sedimentation.
Pastoralists often have to take their livestock far away from their homestead to find pasture.
Especially during the seasons when the grass is limited, January to April, the animals are
grazing either close to Lake Baringo or up in the hilly areas where it rains more.
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3. THE FACTORS CONTROLLING EROSION
The grounds exposure to erosion of course varies within the catchment. The factors that
control erosion are: the nature of the plant cover, the erodibility of the soil, the erositivity of
the eroding agent and the slope of the land (Morgan 1995).

The main function of vegetation covering the ground is interception of the raindrops so their
kinetic energy is absorbed by the plant instead of imparted to the soil. Grass is considered as
the best protection for the ground against splash erosion and erosion from overland flow. This
is because it gives a dense cover, close to the soil surface. In this environment, almost on the
equator, the sun is extremely strong. Trees gives shadow to the ground beneath and thereby
protects lower vegetation from getting burned by the sun and the soil moisture after a rain
from evaporation. It also provides the soil with organic material and thereby the infiltration
increases.

The most vulnerable time for erosion is the early part of the rainy season, when the rainfall is
high but the vegetation has not grown enough to protect the soil. Therefore the rainsplash
erosion peak; the erosion dependent of momentum of the raindrops, precedes the rainfall
peak. The intensity is in general considered to be the most important rainfall characteristic
when calculating the erositivity. Rainfall is known to fall very erratic in semi-arid areas often
with very high intensity.

The angel of the slope affect the erosion both since it increases the velocity of the running
water, and thereby the erositivity, and because particles dispersed by rainsplash erosion will
have a net downward movement when more particles are thrown downward than upward.

Erodibility defines the resistance of the soil to both detachment and transport (Morgan 1995).
It varies with soil texture, aggregate stability, infiltration capacity, organic and chemical
content etc. Typical for Semi-arid areas the soils are generally very silty and often contain
much smectite clay. This leads to surface sealing and thereby a very low infiltration. The
infiltration is further decreased by surface crusting. A few millimetre thick crust is created by
compaction from raindrops when pores are filled up by smaller particles. Even a low organic
content and the lack of macropores is characteristic for dry areas, this also contributes to low
infiltration. Low infiltration leads to a large surface runoff and thereby possibly a high erosion
rate.

Those factors are true for all types of erosion. But here they have been described with the
erosion types that are directly caused by rainfall in mind, since they are the main reason for
the erosion situation in the Lake Baringo catchment. Those are rainsplash erosion, the direct
effect of the falling raindrops, sheet erosion and gully erosion, the erosion caused by water
flowing on the ground as a diffuse layer respectively concentrated in rills.

3.1. Water caused erosion
Another type of water caused erosion also has a large influence in the lowland; riverbank
erosion. This is the erosion that takes place along the rivers when heavy flows erode into the
riverbanks. Since the rainfall is so erratic and the runoff yields so high also the river discharge
is variable. Except for Perkerra- and Molo River all the rivers in the catchment are seasonal.
In perennial flows most of the erosion is generally known to take place at a few but intense
events but this is even more pronounced in the ephemeral flows. Having a lot of trees and
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vegetation along the riverbanks could to a certain extent control the riverbank erosion. But the
dilemma for the areas affected by riverbank erosion is that many problems are induced further
up in the catchment. Land degradation and deforestation leads to an increased runoff and
therefore a decreased buffering of the water and an even more erratic discharge of the river.

3.2. Wind caused erosion
Although not in the same scale as water erosion, also wind erosion has a large impact on the
landscape. On the open plane, where only very sparse vegetation is covering the soil, thermal
vortices known as dust devils develop. The intense heating of the bare surface heats the lower
air and if just a small local process encourages vorticity the air rises. Once a dust devil vortex
has formed, pressure drops in the calm centre and wind speed reaches a maximum speed in a
tight ring around it (Cooke et al. 1996). The dust devils are made visible by dust and debris
that are uplifted. The vortex can get hundreds of meter high but dies fast when they come in
over a forested area where no hot surface air can support them any longer. They can however
be very troublesome and destructive on construction and vegetation on the bare and open
areas.

3.3. Hydrological effects of landcover changes
There is an obvious interaction between vegetation and the water production process in a
forest. The vegetation growth is to a large extent determined by the water in the ground, while
the forest has a large influence on this water and the water ending up in the streams (Grip &
Rohde 1994). When an area is deforested and with time degraded changes occur not only in
the transpiration rate and on the soil surface, but also in the evaporation rate and in the
subsurface soil structure.

Different land covers have various effects on soil properties and water balances (Jones 1997).
Changed conditions can therefore be expected some time after deforestation. Both the
vegetation dependent mechanisms of interception and evapotranspiration, which affect the
amount of water available for the ground, and the soil properties, crucial to the water
infiltration, differ within forested and non-forested areas. In the tropics, these altered land
cover conditions often mean barren and, in time, degraded land - a change that will have great
hydrological implications. This is the case in the Baringo catchment.

Some of the rain falling on vegetated surfaces never reaches the ground at all. It is being
intercepted by leafs and then evaporated (Oke 1987). Obviously this storage of water is much
higher in forested areas than on open lands. Water is lost from the ground, water surfaces and
vegetation to the atmosphere through evapotranspiration. The water loss through
evapotranspiration will differ with different land covers, partly due to significant contrasts in
reflectivity (albedo). The evapotranspiration rate is larger within a forest than in open areas
(Oke 1987, Jones 1997). (Evaporation has a higher relative importance compared to
transpiration in dry areas than in a forest due to more open soil surfaces.) After forest
clearance more water will be available both due to less interception but also due to a reduced
evapotranspirating surface.

The soil surface properties are fundamental to the infiltration capacity of the ground. Forest
soils are generally porous and well structured and are known to be more permeable than those
of cultivated grassland. In contrast to the permeable forest soils deforested and degraded land
has moderate to low infiltration capacity. Soils are often exhausted due to cultivation and soil
erosion. The consequence of grazing and especially burning after forest clearing is a
significantly reduce of the protective litter cap, compaction of the ground and opening of bare
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soil patches. Bare soil, vulnerable to splash erosion, thus initiates surface sealing and crusting.
Rainfall-derived water will to a larger extent generate overland runoff on the degraded open
land with a consequently serious loss of the topsoil by surface sheet erosion.

It is a deficit of available water compared to the potential evapotranspiration rate in the
Baringo catchment area. Except from during the wet season or at least during individual days
when a surplus can develop. Therefore soil moisture content is filled up during the wet season
and depleted during the dry. The effect is that the rainy season wetting front often penetrates
only a few meters (Pilgrim 1988) since the soil moisture deficit at the end of the dry season is
great and the water holding capacity of the fine textured soils is large. Much water will be lost
by evaporation in the surface layers since infiltration is slow.

Forested catchments can generate more dry season discharge than deforested-degraded
catchments do. When a land cover conversion implies that overland flow and subsurface
evaporation increase more than the evapotranspiration rate decreases, the dry season
discharge will decline. The conditions favourable for such change are found in deforested
areas where the soil properties of the ground have had sufficient time to loose its favourable
structure, namely gone through degradation, and ground water recharge within the soil matrix
is insignificant. The minimal percolation possibilities for the falling rain in degraded soils,
due to the bad infiltration capacity and high surface evaporation, favours initiation of surface
runoff.

Capacity of soil moisture reservoirs and also the actual amount of water present in those are
typically higher in forests. It is the greater infiltration capacity and wetness of the soil and the
higher water table under a forest that are responsible for the increased ability of a forested
catchment to maintain dry season flow in streams (Sandström 1995). In sparsely vegetated dry
areas like Baringo, storm runoff mainly derives from event rainfall and consists dominatingly
of overland flow. Neither deep nor shallow ground water is a significant component of the
runoff. The first intensive rains in a dry degraded area generate surface flow to such an extent
that, in the beginning of the wet season, it might result in catastrophic floods. The floods
created are destructive and can result in riverbank erosion further downstream.
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4. METHODS
We have chosen to have a catchment approach to the studied problem, since all changes in the
catchment will affect Lake Baringo in the end. But since the catchment covers an area of
about 6820 km2 it has been impossible to study the whole area in detail. After some time in
the study area we assessed the low located area around Lake Baringo as the area of main
concern, since the problems were most obvious and of largest extent here. Therefore most of
our effort was spend in this part, although we also studied the areas further away to
understand the problematic here and connection to the lowland. Many of the used statistic
data, especially of socio-economic character, are taken from the Baringo District which
constitute the northern part of Baringo catchment

The methodology of this study can be divided into seven different parts, all of them important
to give us a complete image of the study area and the problem.
This study has had a multi-component approach.

Satellite images. Landsat TM and MSS from 1973, 1984 and 2000 (Fig. 12), were analysed
in GIS with the software Idrisi 32. The boundary of the catchment was identified and
digitalised from relevant topographic maps from Survey of Kenya, with the scale 1:250 000.
In this way it was possible to exclude the part of the satellite images that did not go within the
catchment. However the overlap was not perfect between the different pictures so the north-
eastern corner (~5% of the catchment) was excluded.

On the images four different categories of landcover were recognizable; forest, bare land,
bush and lake. Two of these, the bush and the lake, were separated into two different
subcategories since the appearance was different for the lowland and the highland bushes
respective Lake Baringo and other lakes. Areas typical for each category were selected and
used to create signatures out of the three available bands of each image. Out of the signatures
the landcover was classified on all the images and after a merge of the two bush categories it
was possible to analyse how the landcover has changed and how much Lake Baringo has
decreased the last decades.

The results must however be handled carefully. For example the wide bush category cannot
be analysed too much, because it contains more than what is actually a bush-landscape. It is
impossible to separate bush from cultivated areas covered with large plants on these satellite
images due to their low resolution. The fieldwork have however clarified a little of what is
concealed behind the numbers. Also the forest is complicated since it is hard to draw the line
between forest and large bush. This is hard both in field and on the satellite images. The field
experiences have made us quite cautious to classify bush as forest. This since the indigenous
forest has such different hydrological influence and it cannot be re-established once cleared.

Observe that the small areas that were covered by clouds, especially in 1984, were excluded
from the analysis.

Aerial photos. Aerial photos from three different locations, Marigat, Kampi ya Samaki and
outside Kabarnet, were first analysed in stereo spectroscope. Landcover, the location of
streams, shoreline, etc., depending on the location, were drawn on transparent plastic to be
able to compare the changes. The photos included one serie from 1969 and one from the end
of the 1970’s or beginning of 1980’s for each location. Because of the age of the photos it was
hard to correlate the changes in the past to the current situation. Another problem was the
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different scale on the photos from different years. In some smaller areas the present situation
was mapped in field. At this time neither topographic maps of the area, flight height of the
photos or any possibilities to digitise the photo was available. Therefore the scales of the
photos were unknown and mapping of changes in the field impossible. So with a GPS the
length of an airstrip and a road visible on both photo series were measured and thereby the
scales could be calculated. They were found to be 1:21 500 respective 1:15 000. The field
data was finally digitised in OCAD 6

Field Work. This study is largely based on our own field observations during the two
months, from January to March 2002, we got the opportunity to visit the area. No direct
measurements of erosion occurrence were made, but all different kinds of environments in the
catchment were visited. Different erosion phenomena were documented, both by photos and
notes. Distribution of diverse features and different expected dominating physical processes
were noted. Soil conservation measures were studied and their effect discussed with the
creator. The information from the fieldwork was a prerequisite for the analyses of the satellite
images.

With the, about 20 year old, aerial photos as base, changes of landcover, expansion of gullies,
movement of riverbanks and so on were mapped. Most distances were paced out, but some
distances were also measured with GPS or tape measure. The measurements of the shoreline
location created some problems. No fixed objects were within measuring distance so to be
able to make a map here a new technique had to be developed. Some points, visible on the
photos, were marked as mark points on the GPS and then used as reference points. With the
GPS we could measure the distance to each of them and thereby triangulate the spot of
concern.

Transects regarding erosion and attendant factors as vegetation and soil characteristics have
been created from east to west, stretching from Tugen Hills down to Lake Baringo and up to
the hills at Arabal. The transects have been compiled by our own field observations together
with map material from MALDM 1994.

Rainfall data. Rainfall characteristics for the Lake Baringo catchment were analysed based
on five stations, namely Perkerra Agricultural Research Station, Talai Agricultural Station,
Tangulbei, Eldama Ravine District Office and Molo Railway Station (Fig. 8). The five rainfall
stations are situated in different parts of the catchment and therefore they characterize
different climatic conditions. Eldama and Talai are regarded as highland stations, which
explain the higher precipitation there, while Perkerra and Tangulbei is located in the dry
lowland zone. Molo represents the relatively high-situated and humid southern parts of the
catchment. Concentration has been on the data for the Perkerra station. The conditions there
are most similar to the critical area in the lowland that the study has focused on. Annual data
was available from years between 1960 and 2000, with some missing values for different
years for each station. It has just been possible to access data on a monthly basis for the
Perkerra station between 1970 and 2000, even though summed monthly mean values were
available for all stations. Therefore the data from Perkerra has often been the one chosen for
analysis.

Of interest for the study were changes of rainfall characteristics with time, droughts and flood
periods and the yearly rainfall distribution. Annual and seasonal mean rainfall trends, number
of rainy days per year and yearly distribution patterns were calculated and analysed. A rainfall
intensity factor was created, and simply identified as rain per day through dividing the amount
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Fig. 8 – Metreological stations &
Average annual rainfall

of rain with the number of rainy days, hence including the assumption that the duration of the
rainfall each rainy day is equal. Analysis of the trends and time series has been made through
linear regression and their mutual correlation and statistical significance has been examined.
Correlation is a measure of the strength of the relationship while significance is the
probability of the relationship. The size of the sample was a key factor for significance, i.e.
the larger sample size the larger was the probability of a certain relationship.

Recurring drought periods were calculated from time-series analysis of annual rainfall data,
from Perkerra station between 1970 and 2000, in WinSTAT. The rainfall data was normalised
and the seasonal variations was removed before the analysis.

Hydrological data. The hydrological data includes water level data for Lake Baringo 1968-
1998 and discharge data from an automatic measuring station in the lower part of Perkerra
River 1962-1985. The monitoring has been done by the Ministry of Environment and Natural
Resources. The data was received as gauge heights and recalculated to discharge volumes
with the formula Q = a×(h/100)b where a and b are constants, depending on the shape and the
properties of the river channel, those were given for the analysed years. Attempts were made
to extend the measuring series until 2000 by using the constants that were used until 1985, but
the results appeared to be very deviant from the earlier years and did not seem to follow the
rainfall statistic so well. They were therefore not used in the analysis. Many missing data
occurred in the record. Those were substituted with averages of the preceding and the
following value. In the case were data was missing for a whole month or more than 10 days in
a row this period were replaced with the historical average for the period. The data was
analysed with linear regression in purpose to find trends and compared to the rainfall data
with aim to study the correlation. The statistical significance and mutual correlation of those
were examined.

Fig. 9 – Questionnaires distribution  in the
Lake Baringo catchment
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Focus Group Discussion. To explore and evaluate the major problems and opinions five
Focus Group Discussions were held. An additional purpose was to test and develop
questionnaires. Our plan was to have about five persons of different age and sex in the group.
However in many cases more people were joining during the discussion so at the end of the
discussion the group often consisted of about 15 persons. Just as the questionnaires, the Focus
Group Discussions were sited to cover all different climate-ecological zones, different tribes
and with different distances to Lake Baringo.

Questionnaires. 60 questionnaires to different households have been distributed in the study
area (Appendix 1). They have been spread to give a characteristic picture of the area (Fig. 9).
The evolvement of the questionnaires was made together with Prof. Aboudh on Egerton
University. The formulations demanded a lot of discussions to get questions that would not be
misunderstood and not to provocative. The main point was to cover the different altitude
related climate-ecological zones, but also an equal representation of the different tribes,
gender representation and the distance to Lake Baringo has been kept in mind. The aim was to
get the attitudes, knowledge and awareness of the respondent about the land degradation,
socio-economic factors, possible solutions, etc. Due to the short field study time the only
possible way to distribute this number of questionnaires, with this spreading, has been by
using middlemen that were interviewing five households each. The middlemen have been
persons with a good knowledge in both English and the tribe language, mainly teachers,
employees on Ministry of Agriculture, etc. The results was analysed with Statistical Package
for Social Science (SPSS) 8/11. On results of this kind, a certain degree of missing answers or
strange answers due to misunderstanding of the question has to be accepted.

Fig. 10 – Erosion trace mapping with a lot
of spectators

Fig. 11 – Focus Group Discussion

Fig. 12 – The Landsat TM image
over the study area that was
used for the landcover
analysis, 2000
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5. RESULT

5.1. Lake Baringo
Our analysis of satellite images show that the area of Lake Baringo has decreased from 148 to
124 km2 between 1973 and 2000, a decrease of 16% (Fig. 13). The areas that once were
covered by the lake are today flat grass or bushland. The flat surroundings and the shallow
lake leads to that volume changes of the lake have a large effect on the area. During the short
time of the field study the shoreline moved a few tens of meters, since it was during the dry
season. During the rainy season the lake expands and is flooding areas that are dry the other
half of the year.

Shrinkage of the lake takes place when the reed grows further and further out, as the lake
becomes more and more shallow. The speed of the siltation on the bottom is perturbing. The
average depth has decreased from 8.6 meter to 2.15 between 1975 and 2001 (Meyerhoff
2001).

The satellite images also show that the decrease mainly occurred in the southern and eastern
part of the lake (Fig. 14). This must be both due to the topography that is much rougher in the
northern part and because of the larger silt supply in the south. All larger rivers discharge in
the southern half of the lake. As a consequence of the low gradient and the irregular flow
none of the rivers have a pronounced channel that leads into the lake. When the stream
discharge is high, the water flows all over the adjacent plain as a braided river. This means
that silt is deposited, the surroundings are raised and the shoreline is moved forward. The
most pronounced effect of this is on the southern tip. On the satellite image from 1984 it was
a bay here. Today it is completely filled up. Measured on the satellite image from 2000 this
means a northward movement of the shoreline of over 2 kilometres.

Also the former bay on the western side of the lake shows the same pattern of a disappearing
lake. Here aerial photo from 1969 and 1981 were compiled with our own GPS measurements.
During the 33 years between 1969 and 2002 the shoreline has moved over a kilometre in the
studied bay on the western side of the lake (Fig. 15). Between 1969 and 1981 the direct
shoreline movement was not so large. But on the 1981 photo a large clump of reeds occur
outside the shore and is thereby a sign of very shallow water. This means that the large
change from 1981 to 2002 did not happen suddenly, but is a result of a continual process.

Fig. 13 – The area of Lake Baringo, 1973-2000
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Fig. 14 – Lake Baringo 1984 and 2000
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In the absence of an outlet the water level in Lake Baringo fluctuates rather much. There is an
intra annual variation connected to the rain distribution over the year, and there is a more long
time fluctuation related to longer rainfall trends and water consumption around the lake. For
the period 1969 -1985 an average annual variation of the water level was calculated to 86 cm.
During the 1970’s and 1980’s the water level followed the rainfall trend. This was also true
for the heavy rains 1997-1998, the water level rose and the lake increased. During the 1990’s
as a whole the water level trend decreased although the rainfall trend was rather constant.
(Fig. 16) (Sanyu 2001, Onyando 2002). Over the last two decades the average water level has
decreased with about 25 cm.
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Calculations made by Sanyu shows that the annual water balance is negative. The water
volume is decreasing regardless of an expected increase of irrigation or not. Of course the
situation will be accentuated by a further increase of irrigations. According to the same report
the water volume will continue to decrease. If no increase of irrigation takes place it will
result in a smaller lake with a stable level. A further development of irrigation schemes will
however lead to a total disappearance of the lake (Fig. 17) (Sanyu 2001).

Fig. 15 - The movement of the
shoreline on the western
side of the lake, 1969-2002

Fig.16 – The fluctuation of the mean annual water level in Lake Baringo, 1968-1998
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Some people living close to the lake says that the water is to salty to use as freshwater (Group
Discussion Kiserian). Even if the lake is still considered as a freshwater lake it emphasizes the
difficulty to use the water in the lake. No irrigation is made where lake water is used, but an
increasing number of irrigation schemes use the river water. However the use of river water
demands a lot of work and some irrigation have also been abandoned because of the
substantial siltation.

There is not much data on how the sediment transport has varied in the rivers. But for
everyone who has seen the river water after a storm it is obvious that it contains a very large
proportion of sediment (Fig. 18). All the silt of course has to be deposited somewhere, and
since an outlet is missing, this place is Lake Baringo. The water transparency in Lake Baringo
is just a few centimetres, due to all the suspended silt, while it is the magnitude of meters in
the other lakes in the Rift valley. This is also apparent on the satellite images where silt
content affects the reflection. Lake Baringo has a light turquoise colour while all other lakes
are dark blue (Fig. 12). The colour relations have however not changed between 1973 and
2000.

A natural phenomenon that drives the silt situation in the opposite direction is the
development of a new lake just south of Lake Baringo. During the last heavy rains 1997-98
River Molo changed its course and formed a new small lake in the swamp. This has above all
meant a unique biological event, but it also mean that the sediment supply to Lake Baringo
has decreased since the swamp will work as a sediment trap. It is however unclear how much
water trickles out through the swamp to Lake Baringo, so how much it affects the water
balance is uncertain.

5.2. Climate

5.2.1. Annual rainfall distribution

According to our rainfall data (Fig. 19) the Lake Baringo region experiences a long two-
peaked wet season in April to August, a short wet season in October-November and a long
dry season from December to March. The diagram data is showing the annual rainfall
distribution measured at the Perkerra station situated in the semi-arid valley plain west of

Fig. 17 (left) – Future water volume scenario for
Lake Baringo, with or without
irrigation increase

Fig. 18 (right) - River water after a storm, brown of
the high silt content
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Lake Baringo and at the Talai station in the humid western highlands. The other stations in the
catchment have similar distributions even if the amount of rain differs (Table 2). That, for
example, the mean annual precipitation, with 95 % confidence, is around 644 ± 56 mm at
Perkerra and 1289 ± 138 mm at Talai illustrate the topographic dependency of rainfall in the
catchment area. The different amounts of rain the stations receive explain the varied climatic
conditions characteristic for the catchment.

Table 2 - Summary statistics for rainfall (mm) at the meteorological stations, from 1960-2000.

 Perkerra Tangulbei E. Ravine Molo Talai
Annual Rainfall      
Mean 644 592 1039 866 1289
Standard deviation 160 293 323 279 345
95% confidence
band 56 96 101 126 138
Maximum 1085 1236 2097 1408 1891
Minimum 271 11 313 385 559
Wet Season Rainfall     
Mean 417 366 583 568 795
% of annual rainfall 65 62 56 66 62
Monthly Rainfall      
Mean 54 49 87 72 107
Median 46 29 81 52 94

In semi-arid regions there is usually a considerable positive skewness of the distribution of
annual point rainfalls (Hudson 1987), i.e. some heavy rains represent most of the annual
precipitation while light rains will be more or less insignificant in those often dry areas. This
is the situation in the semi-arid parts of the Lake Baringo region according to values on a
monthly time-scale. This means that over a year there are more monthly rainfall values below
the mean than above it, thus the median value is less than the mean. The monthly mean value
is 54 mm/month and the average monthly median 46 mm/month for Perkerra and the
difference between them is even more extreme in Tangulbei with a average monthly mean
and median of 49 respectively 29 mm (Table 2). Positive skewness is as expected most
significant for the months of November to March when median rainfall is much below the
monthly mean values, indicating that naturally dry conditions prevail during this period.
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The high rainfall period, from April to August, accounts for around 65% of the annual
precipitation in the semi-arid lowland and correspond to the long rainy season (Table 2). Two
major peaks occur during this period in April-May (26% of the total annual rainfall) and July-
August (28% of total annual rainfall). The October-November rainfall period, related with the
“short rains” in Kenya, accounts for no more than 13% of the total rainfall (Precipitation
according to Perkerra station). The period September to March is generally dry, but the
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Fig. 19 – Mean monthly rainfall, Perkerra 1970-2000 Fig. 20 – Average rainfall in Mars & April,
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drought often culminates during the months from December to February, which receive the
lowest amount of rainfall.

The reliability of the precipitation during the initiation months of the long rainy season is low
(Fig. 20). Sometimes earlier arrived rains in March compensate the low rainfall in April, but
occasionally the long rain is absent until May or June.

5.2.2. Long term averages

All rainfall stations show a more or less similar pattern of mean annual rainfall between 1960
and 2000, pointing out that the whole catchment probably is under the same rainfall regime
even if local deviations occur especially during the 1990’s (Fig. 21), Molo station is not
included). Again the diverse amount of precipitation among the stations is explained by their
different topographic locations.
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People’s perception is that the precipitation is lower today than previous decades. If they are
right the rainfall decline could at least contribute to explain the hydrological change and the
today drier conditions. Our annual rainfall data for 1970 to 2000 show a slight downward
trend for all stations in the catchment. The trend line is shown in Fig. 22 for the Perkerra met
station, but is analogous with the trend for the other stations over the same period. To
understand the impact of a 60 mm decline of the annual precipitation over a 30-year period
the certain region’s environmental conditions must be considered. In a semi-arid area like
Baringo 60 mm a year means over 9% of the total annual mean rainfall and is therefore a
considerable part of the already scarce precipitation. If analysing the trend over a longer
period, with data from 1960 to 1999 available for the Tangulbei and Eldama Ravine stations,
the rainfall decrease is even more distinct. The decline represents almost 17% at Eldama and
at Tangulbei as much as 43% of the annual mean rainfall. However, regression indicated that
there was no statistical significant linear trend (at the 95% confidence level) in annual rainfall
with time. But low significance is expected due to the high year-to-year variability of mean
precipitation.

Fig. 22 - Mean annual rainfall, Perkerra, 1970-2000
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Fig. 21 – Mean annual rainfall for the meteorological stations (excluding Molo), from 1960-2000

Fig. 23 – Average wet season annual rainfall,
Perkerra 1970-2000
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The wet season months (April-August) in the Perkerra data also show a downward trend, and
this time a more pronounced (Fig. 23). If the annual trend is susceptible it is more difficult to
ignore this obvious downward trend of almost 100 mm a year. From 1970 to 2000 the yearly
precipitation has decreased with around 85 mm, which represents 20% of the annual mean
value. Since the wet season months often contribute to a large extent of the annual
precipitation a decline of the rainfall during those months is serious. Also here the variability
from year to year is too high to give statistical significance of the trend.

Annual rainfall was significantly correlated with the number of rainy days per year (r = +0.55)
and the annual number of raindays were inversely correlated with time (r = -0.45) with 99
respectively 95% confidence (Fig.24). Thus the number of rainy days per year have
significantly decreased, at the Perkerra station with as many as around 40 days (1970-2000).
The mean number of rainy days is 101 a year, so the decline is considerable since it represents
40% of the mean annual rainy days. The Eldama Ravine and the Tangulbei stations also have
a decrease of 25 to 35 of rainy days over this 30-year period.
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It is in the wet season months (April-August) that the number of rainy days has decreased the
most (Fig. 25). Since 1970 they have declined on average with 4 days per month during the
wet season compared to 1-2 days on average during the rest of the year. Because the number
of rainy days normally is higher during the wet season (rainy days are correlated with rainfall)
the larger decline is expected. However, also when compared to the mean number of rainy
days per month during its specific period the decrease is larger. 4 days account for 34%of the
wet season’s mean number of raindays per month while 1-2 days represents around 20-25%
of the rainy days per month during the rest of the year.

            

y = -0,1313x + 13,623

R 2 =  0 ,2034

y  =  -0 ,0465x  +  6 ,9097

R 2 =  0 ,0537

0

2

4

6

8

10

12

14

16

18

1970 1975 1980 1985 1990 1995 2 0 0 0

YearW e t  S e a s o n D r y  S e a s o n L inear  (Wet  season ) L inear  (Dry  season)

Fig. 24 – Annual number of rainy days, 1900-2000

Fig. 25 – Number of rainy days per month during the wet respectively the dry season, 1970-2000
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Compared to the slightly visible decline of the mean annual rainfall the number of rainy days
has decreased drastically (Fig. 26). Therefore it can be inferred from these data that the almost
same amount of rain every year will fall on fewer days but that the amount of rainfall has
increased per rainy day, i.e. the intensity of each rain is higher today.

Linear Rainy Days
y = -1,2392x + 117,5

R
2
 = 0,2243

0

200

400

600

800

1000

1200

1970 1975 1980 1985 1990 1995

Year

A
n

n
u

a
l p

re
ci

p
ita

tio
n

 [
m

m
]

0

20

40

60

80

100

120

140

160

N
u

m
b

e
r 

o
f r

a
in

y 
d

a
ys

Mean annual rainfall Rainy days

Linear (Mean annual rainfall) Linear (Rainy days)

A rain intensity factor was created to see the validity of the theory of increasing rainfall
intensity during the period of 1970-2000. Rainfall intensity was calculated as amount of
rainfall per rainy day both on annual and monthly basis. The monthly rainfall intensity
showed a significant increase with time (r = 0.13, 95% confidence) while the annual rainfall
intensity upward trend was visibly clearer but not statistically correlated with time (Fig. 27 &
28). A large sample size for the monthly values and the large annual year-to-year variations
can be the explanation. The rainfall intensity was based on 358 monthly values compared to
31 annual values. The wet season months show higher average rainfall intensity than other
months do according to our calculations, but different types of precipitation could contribute
to its explanation as well as an actual intensity rise. However, the increasing rainfall intensity
trend for the wet season months does not differ from the annual trend.
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5.2.3. Droughts and Floods

No persistence of drought was recorded for annual rainfall data, though some cyclical pattern
could be found. The statistical strongest cycle have a 10-11 years period while a weaker 3-4
years cycle also occurs. Even if normalised values without the seasonal variation were used in
the analysis, the cycles are visible in Fig. 22. However, the time period is just stretching over
31 year and thereby to short to give the analysis a high reliability. During years with
pronounced drought it is often the summer rain that fails which shows the importance of the

Fig. 26 – Annual rainfall compared with number of rainy days a year, Perkerra 1970-2000
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Fig. 27- Rainfall intensity on annual basis,
Perkerra 1970-2000

Fig. 28 – Rainfall intensity on monthly basis,
Perkerra 1970-2000
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otherwise high wet season precipitation. For example, the primary reason for the severe
drought of 1984 in the area was the failure of rainfall in April to May and this was aggravated
by the failure of the July-August rains. Therefore the rainfall periods, particularly the long
rains, are critical to agriculture and forage productivity in the area.

In 1997-98 Kenya and Baringo catchment
was hit by severe rainstorms, causing
floods in streams and lakes over the
normal. These large rainfall amounts
coincide with the occurrence of El Niño, a
disruption of the ocean-atmosphere system
in the tropical Pacific having
consequences for weather all around the
globe. El Niño is a familiar term among
the people around Baringo for years with
higher than usual amounts of rainfall, but it is
uncertain if El Niño in fact has a large
influence in the area. The Baringo region also
received high precipitation amounts during other strong El Niño-years such as 1977-78 and
1982-83 (Fig. 29). But for example did Baringo receive less than annual average precipitation
during the El Niño years of 1986-87 and beginning of the 1990’s. There are also years, 1988-
89 for example, with equally high or even higher precipitation that cannot be related to any El
Niño event at all. However, the years that coincide with El Niño are often followed by dry
years that might be the El Niño accompanied phenomena of La Niña. La Niña means drought
and thus the opposite climate conditions prevail. (1984 and 1999-2000 as example)

5.2.4. Evapotranspiration & Temperature
To understand the area’s climate condition and its scarce water availability not just the
amount of precipitation can be considered but also the evapotranspiration rate. The annual
precipitation amount alone, 600 mm and above, does not determine the conditions in the
Baringo region as semi-arid. Most of the precipitation disappears quickly back to the
atmosphere again, due to evapotranspiration. In the lowland, including the slopes surrounding
the valley floor, the potential evapotranspiration ranging from 1800 to over 2200 mm a year
dependent on elevation and temperature (Sanyu 2001). The rainfall/potential
evapotranspiration ratio in the lowland is between 25-40 %, so the region falls into Agro-
climatic Zone V (Thomas et al. 1997), classified as semi arid as mentioned earlier.

The evapotranspiration rate will be highest on the lower
levels during the warm and dry months from December to
March (Fig. 30). The actual evapotranspiration is of
course much lower, on same scale as rainfall, since the
potential evapotranspiration is exceeding the precipitated
amount with around three times. The high
evapotranspiration degree contributes to the fact that water
demand for domestic, livestock and irrigation use is very
high. Particularly during dry years the water supplement
conditions in the region will be inadequate. The mean
annual rainfall value for the semi-arid area close to the
lake is around 650 mm, and when this is related to the
potential evapotranspiration the moisture deficit will be
about 1100 to 1200 mm a year.

Fig. 29 – Mean annual rainfall, Perkerra 1970-
2000, compared with the El Niño
events occurring during the period.
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Fig. 30 – Potential evapotrans-
piration in Baringo region,
(Sutherland et al. 1991).
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5.3. Hydrology
Many reports and numbers of interview respondents point out that the streams have dried out
and become seasonal during the last decades. Today only two ephemeral rivers remains; River
Molo and Perkerra River. The data of this study, from the lower part of Perkerra, in some
ways confirm this picture of decreasing but more fluctuating flows. During the studied period
1963-1985, the total river discharge amounts, both on a monthly and yearly basis, varies a lot
but shows a quite stable, or a slightly negative trend, as a total.
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The variability has however increased. The minimum flows have decreased and the maximum
peak flows have increased (Fig. 31 a and b). The increase was significant within the 95%
confidence interval (r = 0.51) while the minimum decrease was just outside the same
confidence interval (r = -0.35). The increased maximum flows could not be explained by
increased precipitation or amplified maximum events. The rainfall for Eldama Ravine show a
slight negative, but almost stable trend, while the maximum rainfall event actually show a
downward trend (Fig. 31 c and d). The trend is nevertheless not significant.

The discharge data, which were measured on a daily basis, show a high variability. The fast
changes of discharge volumes show that the river has a very short response time on the
rainfall, much as a consequence of a high runoff proportion. A calculation of the precipitation
amounts, evenly distributed over the catchment and if everything were transformed to stream
flow, which would create the measured river discharge gave an average of 143 mm/year. This
could seem low since the average precipitation for the station within the catchment of
Perkerra River is 644 mm/year for Perkerra and 1039 mm/year for Eldama Ravine. But
considering that the potential evapotranspiration is between 2-3 times the sizes of the
precipitation amount, 143 mm/year in the lower part of the river is not such a small number. It
could instead be seen as a sign that a large fraction of the rainfall reaches the river shortly
after its fall, i.e. a large proportion of overland flow.

a) b)

c) d)

Fig 31 – All data are from 1962-1985. a) minimum discharge, b) maximum discharge, Perkerra,
c) maximum rainfall event, d) annual rainfall, Eldama
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An attempt was made to study the quotient between the discharge and precipitation. The idea
was that an increased proportion of surface runoff would increase the discharge and thereby
the quotient. Though, no certain trend could however be seen.

Regarding the short response time it is not surprising that the flows could be correlated to the
rainfall on a monthly basis (Perkerra 1970-1985) (Fig. 32). With an r-value of 0.48 it
correlates very well on the 99% confidence level. But it is also evident that the decay time is
not as sudden as the peak flow when the rainfall- and river discharge distribution over the
year is compared. The average rainfall peak is in April, while the average discharge peak is in
August (Fig. 33).
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5.4. Landcover

5.4.1. Satellite images

The landcover has gone through some changes during the latest decades in the catchment of
Lake Baringo (Fig. 34 and 35). According to our analysis of satellite images between 1973
and 2000 the bare land has increased from 5 to 13 % of the 6820 km2 large catchment, while
all other categories have decreased; Forest from 12-8% and Bush from 81-77% and Lake
Baringo from 2.4-2.0% of the catchment.

The Bush category consists of everything between
shrubland vegetation to very high evergreen bushes
and cultivated fields with large plants. Since it is so
wide it has been more used for separation of the
other categories than for actual analysis of it self.

The changes are most obvious in certain parts of the
catchment. One of them is the open area west of
Lake Baringo. This is the Njemps flat. Here the open
ground has expanded much during the analysed
time. This is a confirmation of our field
observations. The vegetation cover is very sparse
and the overgrazing is severe. We have of course

just seen the area during the dry season, but many tracks are pointing out that the erosion rate
is very high. For example trees, that does not seem to be very old, stand with most of their
root system above the ground. Gullies that are spreading so roads and fields are captured,
steep riverbanks with undermining or sides where trees have been flushed away are obvious
tracks of extensive erosion.

Fig. 32 – Annual precipitation compared to the
river discharge in Perkerra, 1963-1985

Fig. 33 - Monthly mean river discharge
(bars) compared to mean
precipitation (line)
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1984 & 2000
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The open land has also increased in the southern parts of the catchment. However the open
land here is not of the same character as around Lake Baringo. To a large extent the open
areas instead consist of ploughed fields. The region is more suitable for agriculture due to a
more humid climate. The land here is relatively flat and during large parts of the year it has a
good groundcover, which increase the infiltration and protects it from erosion.

Up in the highland regions the forests have decreased, most obvious when 1973’s image is
directly compared with the 2000’s. Forests have been cleared in expense of an expanding
agriculture as more and more forested areas have been converted to cultivated land.

5.4.2. Aerial photo

Since the latest aerial photo outside Marigat was taken 1981 large changes in the area have
taken place (Fig. 36). Riverbank erosion has widened the streams on the outside of the curves,
some trees have been flushed away and the areas affected by gully erosion have both
expanded and increased in number (Fig. 37 and 38).

Fig. 35 – Classified satellite images for Baringo district, 1973, 1984 & 2000

Fig. 36 – Case study area outside Marigat where aerial photos from 1981
were compared to field observations 2002
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During the time the population in the area has expanded drastically. A large number of
immigrated refugees live in simple huts within the investigation area. This has led to an even
harder pressure on the land. In some smaller part of the area cactuses have been planted, most
likely to prevent erosion. The cactuses do decrease the erosion. As far as we could see the
gullies in the areas covered by cactuses have not expanded since the last photo. But those
areas have on the other hand become unusable; since the animals do not eat the cactuses they
will spread and create a thick impenetrable cactus jungle.

The aerial photos confirm the picture from the satellite images and our field observations, i.e.
that a larger and larger area is becoming affected by soil erosion. Even if the aerial photos
outside Marigat just covers a small area, we believe that they are representative for many
similar areas on the lowland where both riverbank and gully erosion is extensive.

Aerial photos from 1969 and 1979 over a highland area just east of Kabarnet were also
available. They confirmed that areas with cultivated land are increasing while areas of
forested and uncultivated land are decreasing. Our field observations of the situation today
verified a continued decrease of the forests the latest decades. Only small forested areas
remain in the highlands due to an expansion of cultivated land (Fig. 39). Because more recent
photos are missing no precise analysis has been made.

Fig. 37 (left) – Gully erosion on Njemps flat
Fig. 38 (right) – Riverbank erosion

Fig. 39. – Area south east of Kabarnet, with small terraced fields and a
high population density it is characteristic for the highland
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5.4.3. Agriculture and arable land
The agriculture in the area is based mainly on maize production. To a lesser extent also
sorghum, millet and groundnut is grown. Because of the low and irregular rain distribution in
the lowland the productivity from the agriculture there is very low, and some year with
drought the harvest is nil. Rain harvesting would possibly improve the yields a lot and it is
starting to be more and more practised by the farmers, but is still not very widespread. The
same thing is true for soil conservation. But if it is just managed carefully and in the right way
rainfed agriculture is a good income alternative, which has been shown by several farmers in
the area.

There are some irrigations in the area. The largest one is the Perkerra irrigation scheme, next
to Marigat. Here crops like watermelon and papaya are grown successfully. Irrigations
nevertheless have some limitations. Since most of the watercourses are ephemeral flows the
number of water sources that can be used are limited. Calculations also point out that an
increased water use from the perennial rivers could be a threat to Lake Baringo (fig16). The
large silt content in the water is another problem for the irrigations. It demands a lot of work
to keep the channel system functional due to the heavy siltation. We have even seen some
irrigation schemes that have been abounded after just a few active years since they were
destroyed of the heavy sedimentation in the channel system.

In contrast to the lowland population the people in the hilly highlands in the west are fulltime
farmers instead of pastoralists, and most land is cultivated. The land is more suitable for
agriculture since the highlands experience almost twice as much precipitation as the valley
floor around Lake Baringo. This different livelihood pattern is reflected in a comparison of
proportion arable land between highlands versus other divisions in the Baringo District. For
example Kabarnet and Kabartanjo, two typical highland divisions on Tugen Hills, consist of
82% respectively 98% arable land, while arable land in the divisions of Tangulbei and
Mukutani, located in the dry midland region east to northeast of Lake Baringo, covering just
20% respectively 18% of their areas. Marigat, on the other hand, is also a lowland division but
of its area as much as 51% is arable land (recalculated from Farm Management Guidelines
2001). This relatively large proportion arable land for a dry valley region can be explained by
the irrigation schemes around Perkerra and Molo

5.4.4. Forest & Wood
According to the satellite image analysis the forest cover today around 8% of the whole
Baringo catchment. Looking on the part of the catchment belonging to Baringo District, 242.5
km2 is covered by forest. That is as little as 2.8 % of the district area and most of the forest is
located in the highlands. We have seen both exotic trees as Cypress, Eucalyptus and Pinus and
indigenous species like Cedar and Oleafricana in the forested regions. Large forest areas have
been and still are cleared due to a cultivation expansion but also for fuelwood consumption.
Large patches of open, often burnt, land surrounded by forest are visible even on very steep
slopes (Fig. 40). Both cutting and burning of trees are practiced. Charcoal stacks are often
seen right next to the cleared areas.

Except from some charcoal consumption in the towns, almost everyone in the region seems to
use fuelwood for cooking and heating. Considering this fact it is not hard to understand
people’s need of wood. In addition there is a necessity of wood for construction of the houses,
so the importance of and demand for wood resources are high.
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5.5. Soil erosion and conservation

5.5.1. The factors controlling erosion
The fieldwork verifies the theoretic of vegetations effect on erosion (chapter 3). A few weeks
after the first heavy rain, the ground underneath trees was covered with small vegetation,
while the rest of the ground was still bare. A few projects have successfully planted trees and
fenced off some areas to protect the vegetation from grazing animals. In those areas the
erosion seems to have stopped in pace with the recovering vegetation cover (Fig. 41). The
ceasing of erosion has also been observed on other areas with a vegetation cover. For example
some areas around Marigat town where cactuses have been planted the erosion seems to have
stopped.

The rain comes very erratic in the area (Fig. 20) a few rainy days contribute to a large part of
the annual precipitation, often with a very high intensity. The high variability of the rainfall
entails that intensive rain falls on uncovered grounds, after a long time of dry weather, so the
erosivity is rather high.

The outer part of what is classified as the lowland, i.e. the escarpment sides of the Rift Valley,
have very steep slopes and is therefore very affected by erosion. Large parts of those areas are
however so severely eroded that not so much erosion takes place, as long as there are not any
external influences. Most parts in the lowland are on the bottom of the Rift Valley and
therefore very gently sloping. This of course means that the land there is not as vulnerable as
it should have been otherwise.

The erodibility of the soils is hard to determine without exhaustive measurements. The facts
that were established during the fieldwork were however; the soils are generally very silty and
often contain much clay, probably smectite. The infiltration seems to be low, regarding the
substantial surface runoff and thin wetting layer after a rainfall. On many places a distinct
surface crusting was observed, this contributes to the low infiltration.

The well developed pipes, which were found on many places in the lowland, reveal some of
the soil properties. Pipes are known to be found in vertisol soils containing much smectite and
that are rich on sodium (Cooke et al. 1996). When smectite dries during the dry season, it
shrinks and form cracks. The cohesive forces are weak in dry clay and it is therefore relatively

Fig. 40 (left) – Steep slopes with burnt land in the highland
Fig. 41 (right) – Experiment fenced area, where ground

cover are recovering
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erodible. In solution the clay particles are non-cohesive and could therefore be transported
even by very slow water velocities. So when the rain starts the effect of the pipe-erosion is
large. Also large sodium content is as earlier mentioned favourable for pipe development,
since the sodium forms weaker particle bounds and therefore decreases the cohesive forces.

5.5.2. Spatial variation of erosion
The spatial variations are summarized in transects, in the east-west direction of the catchment
regarding soil erosion and its associated factors as vegetation cover and soil properties,
showed in Fig 42.

Close to the lake the groundwater level is so close to the flat ground surface that there always
exists a protective vegetation cover in form of a grassland swamp. We estimated the
groundwater level to be about half a meter below the surface, this by studying holes where
women were fetching water. This was however during the dry season and it is likely that the
water level rises during the rainy season and that the swamp will be flooded. Here next to the
lake is no relief and it cannot develop since the water base level is almost equal to the ground
surface. Therefore we have not seen many erosion tracks here. Nevertheless there is another
problem that could be related to the same complexity, namely bushland spreading. Aggressive
plants are spreading rapidly on the behalf of the natural vegetation. The species that cause
most problems around the lake is Prosopis, (Prosopis juliflora).

Further away from the lake conversely the groundwater level is deeper, the vegetation is
sparse and a sharp small-scale relief can develop even if the area often is flat over all.
The last mentioned is a result of and often a prerequisite for gullies. When the erosion has
started in an area it creates a very steep slope seen on a small scale. The development of
gullies means a development of scarps where most of the erosion takes place at the base. The
scarps have a very steep angel and therefore create a supercritical and consequently a very
erosive flow at the bottom. This means that when gullies once have been induced in an area,
and thereby created a large height difference in a short distance, they can spread very fast.
It has been noticed during the fieldwork that it is very common with animal paths leading to
the scarp of the gully. This is an obvious sign of the animal’s guilt to the inducing of gullies.
Water is concentrated in the paths, the water stream form rills and gullies and thereby
generates this kind of erosion.

We have, as mentioned, noticed that the soil mainly is silt with some clay, and therefore has a
low infiltration rate and a high runoff production. This is an important reason for the
widespread erosion in this zone. On flat ground with sufficient water amounts, as is the case
at many of the rain events in the area, water flows in a sheet all over the ground or at least as a
mass of anastomosing water courses without any pronounced channel, producing sheet
erosion. The large bare areas are also the right environments for dust devils to develop. Every
sunny day we have seen the vortices develop, from a few meters to hundreds of meters high.
The wind velocity could be very high and thereby is the erositivity high.

Uphill, in the midland, where the slope is steeper the susceptibility to erosion is even larger.
Large gullies already dissect the land creating short steep slopes. Those areas are however
already so substantially eroded that not much of the soil cover remains. Often the thin soil is
covered by a stone layer, which protects it from erosion. Consequently not so much erosion is
taking place here today, but this is because there is not much to erode. The land cannot be
used to much more than pasture for animals that can eat from the bushes. Bushes and single
patches of grass are more or less the only vegetation left in this barren area.
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Further uphill the slopes are long and very steep, the bush cover gets denser but the grass
covering the ground is still sparse. The slopes are strongly eroded and also here gravel and
stones cover the shallow soil. Locally gullies can be seen but it is most likely that sheet
erosion is the process causing most damage here on the steep slopes.

In the western highland areas at Tugen Hills the erosion tracks are even harder to see, at least
after the rainy season when cultivated fields are ploughed, because the erosion takes place
mainly in the form of sheet erosion. The land is still hilly but since the humid climate is more
favourable for a yearly protective vegetation cover less erosion naturally takes place. Most
land here is cultivated but some indigenous and planted forests remains. Large patches of
newly cleared and burnt land may increase the lands vulnerability for sheet erosion when the
rainy season begins.

5.5.3. Soil conservation activities
In parts of the lowland we saw some attempts to stop erosion. West of Kampi ya Samaki for
instance large gabions have been placed at regular distances in the stream. This has reduced
the sediment transport, decreased the water velocity and therefore decreased the erosion. But
unfortunately it is just temporary protection. The gabions need to be maintained and enlarged
and that costs money. Today there is sediment all the way up to the top of gabions and some
of them are destroyed so their effect is largely reduced.

This is symptomatic for the region, a great number of projects have been made in the area but
often the effects have just been temporary, because of modest local commitment no one has
continued to work when the project has ended. Therefore we have seen a number of broken
fences, destroyed channels and abandoned plantations. Another result of well meant but failed
project are the bush spreading around the lake. Starting a few hundred meters from the shore,
with a width of hundred to many hundred meters a string of bushes, mainly the spice
Prosopis, goes around most of the lake. Since the animals do not eat this species the bushes
are spreading, outdoing other vegetation types.

They are quite rare but we have also seen some active, successful soil conservation projects,
for instance some active gully control, terraces and rain harvesting from a road where the
water is led in to the field. In the highland areas soil conservation activities are more common
and more developed by the people. It can probably be explained by the fact that they are more
dependent of the land since agriculture is their main livelihood and since the land is
considered as private they care for it better. In this hilly area people have built terraces to
prevent sheet erosion. The main problem here is that this humid land is more or less too
crowded. Thus, steeper and steeper slopes are taken under cultivation and large patches of
burnt land for new fields are visible on them (Fig. 41). Even with terraces it will be hard to
stop further soil loss, through slope wash, during the wet season.
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5.6. People’s perceptions
The questionnaires gave us a picture of the knowledge level and attitudes of the people in the
catchment to the soil erosion problems. Some questions were used to evaluate if the fact that
people lives in different ecological zones, having
different distances to the lake and different ethnic
belonging mattered. The most noticeable differences
among the answers are mentioned here.

5.6.1. Historical View
One of the questions was used to get a historical view
of the situation in the area, by asking how it is today
compared with as far back as they could remember.
Table 3 is a summary of the general results of the most
interesting issues.

5.6.2. Problems in the area

With this as a background it is not very surprising that
“soil erosion” is the problem that most people considers
as very serious, followed by “drought” and “lack of
water” (Fig. 43). The fourth largest problem is
overgrazing, but this is on the other hand seen as the
main cause of soil erosion. People living up in the
highlands also put soil erosion as the main problem, but
instead of “lack of water” and “overgrazing”
cutting of trees and El Niño follows it. This is
a quite natural difference since for example
the water availability is better in the humid
highlands. The mean distance to a reliable
water source in the highlands was, according
to the respondents, found to be just 1.1 km
compared with 4.7 km and 10.5 km for the
people on the slopes and the lowlands.

Because the vegetation cover is dense and
people in the highlands are agriculturalists
instead of pastoralists, the overgrazing
problem does not exist in the highlands.
Instead heavy rains (often talked about as El
Niño’s) are very destructive in this cultivated
area. People worry about their crop yield and that
the floods will flush everything away. In the
cultivated hills, where more and more people have to share the land, population growth are
seen as an equal important cause of the soil erosion as overgrazing. On the barren hills, by the
foot of Tugen Hills and east of Lake Baringo, and down at the dry valley floor around 50% of
the people think that a climatic change is the main cause of the present soil erosion.

5.6.3. Individual solutions to soil erosion
A controversial question in this livestock-dependent region is if people are willing, or not, to
decrease their number of livestock. In the highlands they say “yes” just if they are in an urgent
need for money for household needs, but since they do not keep much livestock anyway they
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are not the target group in this question. The answers from the pastoralist people on the lower
slopes and on the valley plain show that almost half of them are willing to actually change
their way of livelihood by decreasing their livestock herd if they got a larger piece of land to
cultivate or another alternative income source.

The second most frequent answer on the question on what they are willing to do to solve the
problems of erosion was to decrease livestock. Even if it was not the impression we got from
the group discussion nearly half of the inquired household says that they are willing to
decrease their number of livestock if it is a solution to avoid soil erosion. The most frequent
answer concerning what they are willing to do to avoid soil erosion is doing soil conservation
practices, which is mentioned by 73 % of the households. This shows that people are very
aware about the problem and know about the possibilities of soil conservation.

5.6.4. Limiting factors
So, why is so little done? The most frequently mentioned limiting factor is lack of tools and
equipment, which 70% of the households say is much or moderately limiting (Fig. 44). Also
lack of labour, building material and knowledge is marked in the same category of over 50%
of the households.

A closer look on what the people in different
ecological zones, and in a way people with
different livelihoods, think is limiting show a quite
obvious picture. The highland farmers, used to
taking care of their own piece of land and to
physical hard work, almost do not see anything as
limiting for themselves to practice soil
conservation, except from some labour and time.
The pastoralists on the other hand, living on
communal land where the responsibility question
is abstract, are not used to look after the land in
the same way. Since they are not used to
cultivating the land, their lack of knowledge of
soil conservation is lower (around 60%
respectively 80% on the lower slopes and on the
valley plains consider knowledge as moderately to
much limiting) but what’s alarming is the fact that
63% households on the plain says that their
interest is moderate to much limiting.

One limiting factor, about which the opinion is split, is the communal landownership. A large
fraction (35%) says that landownership is a much limiting factor while as many say that it is
not limiting. But it has to be kept in mind that many of the respondents in the last group are
highland farmers who already have their private piece of land, and therefore none of them
says it’s limiting at all. Our impression from the group discussion was that it is mainly the
younger generation that wants to privatise the landownership. Today 79% says that the
landownership where they are living is communal, none of them in the highland. 90 % of the
household says that they would care more about the land if they owned a private piece of
land. A very large proportion also says that they would change the landuse, be more careful
cutting down trees, have a more controlled grazing, etc.
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5.6.5. Future threats
The soil erosion has a large influence on the livelihood in the area and if the trend is constant
it will certainly not decrease in the future. About half of all the interviewed households
answer that soil erosion has a large impact on the household’s food supply, water resources,
soil productivity or grazing area. Especially on the dry open plains surrounding Lake Baringo
people feel the effects of soil erosion; more than 75% says it has a large impact on their
living. On the question about what was seen as the main future threat in the area soil erosion
comes at third place; just preceded by food shortages and drought (again the highland
inhabitants are not so afraid of drought and water scarcity). This underlines the problem of
solving situations in underprivileged areas like Baringo, first comes the necessity of food and
water for survival.

5.6.6. Prevention of land degradation

On the question; “What should be done to prevent further land degradation?” over 93 % agree
or strongly agrees that the following should be done: control tree cutting, build terraces or
other conservation structures and create alternative income opportunities (Fig. 45). A large
group also has a positive attitude to privatise the land, decrease livestock and plant vegetation.
When it comes to the question if increased farming could prevent further land degradation the
opinion again goes apart in the different ecological zones. In the highlands 70% says an
absolute no to increased rainfed farming. The increased population pressure in this area has
already resulted in that large areas, not suited for farming, have been cultivated. These areas
are often very steep and then cleared for cultivation vulnerable for landslide, slope wash and
sheet erosion. Down on the lowland and in the lower hilly and barren midland areas the
situation is another. The land, as it looks today, is often to dry for rainfed farming, but with
irrigation agriculture can be very profitable since the soil fertility is fine. Over 70% of the
people here are positive to increased farming, if irrigated. 70% of the inhabitants in the
surroundings of Lake Baringo also mention the problem with bushland spreading and the
importance that it will be stopped.

5.6.7. Lake Baringo

The results from the questions about Lake Baringo (Fig.46) show a quite noticeable pattern;
the knowledge about the problems are high, the awareness about the importance of the lake
and that something must be done is rather high, but the willingness of doing anything yourself
or within the community is low.

Fig. 45 - People’s perception of what should be done to prevent further land degradation (all respondents)
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Lake Baringo is drying up 

Lake Baringo is threatened by siltation

The siltation of Lake Baringo is caused by land degradation

Lake Baringo is important for you as a fresh water reserve

Lake Baringo is important for the region

Something must be done immediately to save Lake Baringo

People should work to preserve Lake Baringo

Your community is willing to work voluntarily to preserve L.B.

You are willing to work voluntarily basis to preserve L.B.

If dividing the questionnaires into three groups, according to the distance for the respondent to
Lake Baringo, as highland, midland and lowland some evident differences are shown on the
question regarding Lake Baringo (Table 4).

Table 4– People’s perception about Lake Baringo (L.B.), when respondents are divided into groups (highland,
midland and lowland) regarding distance to the lake. (x) % Strongly agree. (x) % Agree to Strongly agree.

     

 

L.B. is important for
you as a freshwater
reserve

L.B. is important for
the region

Something must be
done immediately to
save L.B.

You are willing to
work voluntarily to
preserve L.B.

Distance to lake    
Lowland (79) 100 (95) 100 (68) 74 (68) 84
Midland (46) 73 (36) 86 (32) 50 (5) 86
Highland (5) 63 (16) 84 (21) 74 (26) 74

As mentioned earlier the knowledge of the fact that Lake Baringo is drying up, that the lake is
threatened by siltation caused by land degradation is quite high; this is also true irrespective of
the distance to the lake. As expected the importance of the lake is stronger for the people in
the areas close to it. Naturally the lake loses its importance as a freshwater reserve with the
distance away from it. 100% of the lowland inhabitants say that Lake Baringo is important for
them as a freshwater reserve compared to 63% in the highland areas farthest away from the
lake. Almost the same pattern is shown if looking on the lake’s importance for the region.
Those attitudes are of course reflected in other questions concerning the lake. For example
68% of respondents in the lowland strongly agree that something has to be done immediately
to save Lake Baringo but only 21% in the highlands have the same opinion.

On the question “Are you willing to work on voluntary basis to preserve Lake Baringo?” 84%
of the people in the nearby areas to the lake say “yes”, the people for whom the importance of
the lake is greatest and that maybe will gain most from saving the lake. Further away in the
midland areas the enthusiasm to work is lower, just 23% say yes. This has of course to do
with the few interactions they have with the lake in the daily life. But a view back on the
question of the importance of the lake for them shows that as many as 73% of the midland
people at least agree. So the low interest to voluntary work to preserve the lake comes likely,
just as we noticed during the group discussions, from the attitude that people who live close to
the lake has to do it and that the responsibility rests on them. No one can work on someone
else’s land without being asked or paid for it. Of the highland respondents 74% are willing to
work voluntary. That seems like a high number but the impression (also based on group
discussions) is that their intention is to work on their own land, with their own soil erosion
problems, and in that way help out with the prevention of the soil erosion downstream.

Fig. 46 – People’s perception about Lake Baringo (L.B.), all respondents.
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6. DISCUSSION

6.1. Lake Baringo
All the research and results about Lake
Baringo, during the last decades, show
undoubtedly a  picture of a considerable
reduction of the lake area (Fig. 47). But the
annual variation could affect the result. The
water level follows the yearly rainfall trend
well, so the time of the year when the image
was taken could influence the result. The
fact that the shoreline moved a few tens of
meters the time we were there underline this
problem. The water level varies widely
within the year and between different years,
with an average variation within a year by
nearly a meter. Since the ground is so flat and
the lake so shallow this makes a difference of
tens of meters of the shoreline location.

The 2000 satellite image was taken in February which is before the rainy season and the 1984
image was taken in June (Fig. 14). But in 1984 it had been an extremely dry “rainy-season”,
at Perkerra rainfall station the total rainfall amount was 44 mm the preceding five months
compared to the 125 mm the 5 months preceding the 2000 image. Therefore it could be
presumed that the effect of the different time of the year when the photos were taken is not an
enlarging factor for the lake size on the 1984 picture. No water level data is available for
February 2000, but in June1984 the gauge measurements at the lake showed an average value.
When the 1973 satellite image was taken the water level was very low, so the result of the
analysis could even be an underestimation of the real lake disappearance. The conclusion of
this must be that some meters margin of error has to be accepted, but the change is much
larger than that. The fact that it is growing trees on some areas where it was a water surface in
1984 is hard to disregard.

If the decrease is caused by siltation, decreasing water volumes or a combination by the both
is another subject worth discussion. The decrease of the depth is easily explained by
sedimentation on the bottom. The decrease by a forward movement of the shoreline could be
explained by a larger siltation next to the shore and a slight raise of the surroundings by
sedimentation when the water is flowing over the surrounding plain. This leads to that the
lake is overgrown from the shores when reed can spread out in the shallower lake. If the water
level of the lake was stable the sedimentation on the bottom and inward movement of the
shoreline would mean a declining water volume. Or if there were no decrease of water
volume the water level would rise. As mentioned the average water level has actually
decreased with about 25 cm the last two decades (Fig 16). This is clear evidence of that
insufficient water volumes, to keep a stable lake volume, are flowing in to the lake.

The siltations role of the situation is confirmed by the distribution of the shoreline alteration
of the lake. The largest change of the shoreline between 1984 & 2002 has taken place in the
southern and southeastern part of the lake. This is partly controlled by the topography but also

Fig. 47 – View over the southeastern shore of Lake
Baringo. The grass swamp has once been flooded,
indicating the old shoreline.
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a result of that most major rivers discharge in those parts and consequently the largest silt
supply is here. The suspended sediment is however mainly in very fine fractions, mainly silt,
so it is deposited all over the lake. Therefore it is not just the area that has decreased but also
the depth, which has declined considerably, some studies estimate a 75% decrease over the
last 25 years (Meyerhoff 2001). This means that the lake’s volume must have decreased even
more dramatically. Probably the disappearance of Lake Baringo is mainly due to siltation but
also because water volumes flowing in to the lake are decreasing.

Large dams are constructed in Chemeron-, as well as Endao and Ol Arabel River. Evaporation
from dams, increased takeout for irrigation etc. leads to a decreased water flow to the lake. No
own measurements of the water volume or inflow have been accomplished during this study,
but Sanyu (2001) has calculated and found that the water balance is negative for the lake. The
balance looks as follows:

Water in to the lake (106 m3): 230 (river discharge) + 88.2 (rainfall at lake) = 318.2

Water from the lake (106 m3): 308.7 (evaporation) + 22.8 (abstraction) + 
26.5 (groundwater runoff)  = 358.0

318.2 / 358 = 89%, i.e. a decrease by 11% per year

It is hard to confirm those numbers. The relation between rainfall and evaporation seem
plausible, the river discharge seem to be on the right scale although it appears to be a little low
since the average discharge from Perkerra was found to be 169×106 m3/year (1963-1985). But
on the other hand, this is the indisputably largest river and we have not seen how much of the
water from the ephemeral rivers that reach the lake, so it might be right after all. The
groundwater runoff and the abstraction are impossible for us to comment upon. A calculation
of the lake’s volume, over a 25 year period, based on the water balance gives: 0.8925 =0.05 i.e.
5% of the lake remains. If it instead is counted on the depth and area number the depth has
decreased with 75% from 1975-2000 and the area has decreased by roughly 20% during the
same period. 0.25×0.8 = 0.20 or 20%. If assumed that 20% is right that would mean a water
balance of 0.94 or -6% per year. The deficit in the balance is possibly an overestimation.

A large portion of the forest in the catchment has been degazzeted during the last decades.
Those forests used to be the source areas of rivers. The clearance of the forest has decreased
the infiltration, a larger proportion of the rainfall therefore form surface runoff, consequently
the river flows become more peaked and more erosive. A new report (Onyando 2002) shows
that the maximum river discharge has increased the last decades and with this follows
increased river erosivity. It is estimated that nearly 150 000 m3 soil is removed from the
catchment each year through soil erosion (UNEP 2000). Since there are no outlets from the
catchment the silt ends up in Lake Baringo.

Also the water quality has deteriorated because of the suspended silt. The once so flourishing
fishing industry is closed today and the lake water cannot be used as fresh water. This will
cause large problems since the suitable groundwater aquifers are few and the fluoride content
in this water is too high to be suitable for domestic use and since an alternative livelihood
disappears with the fishing industry. It is impossible to quantify the sediment amounts in the
lake from the different reflections on the satellite images, but it is remarkable that no changes
seem to have taken place between 1973 and 2000. During the first two decades of this time
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the fish industry was active, but it would mean that the same water condition was almost the
same even then.

6.2. Climate

6.2.1. Annual rainfall and long term averages

A common opinion among many local people is that the rainfall has decreased during the
latest decades and that drought periods are both longer and more frequent today, consequently
leading to altered dry season flows and shrinkage of Lake Baringo. Another opinion is that the
severity of each rainfall is increasing, causing more floods and erosion nowadays.

Older reports, based on data from Perkerra Met Station 1958-86 (Sutherland et al. 1991),
prove the opposite and claim that there are no changes in mean annual and monthly rainfall in
long-term averages. However the 30-year period rainfall data between 1970 and 2000 show a
slight downward trend (Fig. 22), even if it is not statistically significant. The important wet
season months (April-August), which often contribute to around 65% of the total annual
precipitation, show an even more pronounced negative picture (Fig. 23). Of importance are
the dry conditions prevailing in the Baringo region. In a semi-arid area like Baringo the
decreased amount of rainfall received might be considerable. With just 30 year’s value, with
high variability, it is hard to draw confident conclusions if this trend will be prolonged the
coming decade. The slight rainfall decline can at least be a part of the explanation of the
hydrological change taken place. One thing is absolutely sure: people must expect a great
variability in annual rainfall from year to year and a considerable uncertainty in the time of
year when the rains can be received.

The number of rainy days per year has undoubtedly decreased with time, with no similar
decline in annual rainfall, both according to our own data (Fig. 26) and older data from 1958-
86 (Sutherland et al. 1991). Therefore, these data indicate higher rainfall intensity since the
rainfall amount per rainy day is increasing. The created rainfall intensity factor confirms this
theory and shows a statistically significant increase (Fig. 27 & 28). More intensive rains mean
higher rainfall erosivity and therefore they could be contributors to more soil erosion and
continued shrinkage of Lake Baringo. Higher rainfall intensity could also be a contributor to
the larger flood peaks nowadays in the rivers during the wet season. The validity of our
rainfall intensity values can of course be discussed since the assumption that the duration of
the rainfall each rainy day is equal from year to year was made. Hence, no consideration of
the actual time period in hours for the falling rain each day has been taken.

Two main factors negatively affect the agriculture in semi arid areas more than others: low
amount of rainfall and its unreliability (Hudson 1987). Unfortunately there is also a link
between those two. As mean rainfall decreases variability becomes greater. Often the less
rainfall an area receives the larger the temporal and spatial fluctuations (Pilgrim 1988). If
variability is large interannual drought periods are common, sometimes in periodical pattern,
while heavy individual storms cause floods and erosion. Baringo region fits well with the
above description.

The Baringo region has distinct dry and wet seasons, as typical for the tropics with uneven
rainfalls (Fig. 19). Later it will be discussed why this seasonal distribution is so important for
semi-arid areas. Especially during the initiation phase of the first rains of the year the rainfall
is often very erosive, more due to a sparse vegetation cover than the actual rainfall erosivity.
Much of the erosion could probably be prevented if the ground cover was better, but the large
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unreliability of the start of the early rains complicates planned agriculture and land
management (Fig. 20).

6.2.2. Drought and Floods
Rainfall is emphasized as the critical parameter regarding droughts in the Baringo area
(Sutherland et al. 1991). Analysis of the rainfall regime in the semi-arid Baringo area is very
important since there have been dramatic stock and human population increases, combined
with the enhanced expansion of rain fed agriculture. The drought threshold around Lake
Baringo is around 500 mm and increases to the west and south (MALDM 1994). It means that
annual rainfall below those values results in meteorological drought (rainfall values not
exceeded by 25% of all years). The data from Baringo indicate that droughts, particularly the
extreme 1984 event, are isolated features and not part of an obvious trend towards decreasing
rainfall. Even though no persistence of drought was recorded for annual rainfall data they
show some form of cyclical pattern. The highest and lowest rainfall peaks are recurring every
10-11th year according to our analysis while research by Sanyu, 2001 showed a 10-15 years
cycle. That smaller droughts occur every 3-4th years agrees with Sanyu’s analysis.

Interannual rainfall variations in East Africa as a whole have been found to strongly correlate
to the El Niño phenomena (Camberlin 1996, Indeje et al. 2000). In the catchment of Lake
Baringo El Niño events can occur as heavy rains, but not all of them do. The strong El Niño’s
of 1977-78, 1982-83 and 1997-98 had severe effects in the region, but other El Niño events
don’t have any clear correlations with the rainfall pattern of Baringo (Fig. 29). There are in
fact many years, as 1988-89 for example, with equally high or even higher rainfall amounts
that cannot be linked to El Niño. The conclusion must be that the strongest El Niño events
might affect the rainfall regime in Baringo catchment but some other driving forces must be
considered when looking at the extremes among the annual precipitation averages.

6.2.3. Evapotranspiration and the importance of seasonality
Essential for people in semi-arid regions is an adequate amount of rainfall in excess of
evapotranspiration and overland runoff. Without surplus no soil moisture can accumulate to
supply food crops and other vegetation, nor ground water recharge. The latter is of great
importance where people have to rely on water stored above or under the surface (dams,
aquifers etc.) as during the end of long lasting dry seasons. In areas, like the ones surrounding
Lake Baringo, with a mean annual precipitation around 600-700 mm and a potential
evaporation at 2000 mm a year it seems impossible for any surplus to develop. But the
seasonality of the climate makes it possible. Looking at certain months, weeks or even days
during the wet season, when most of the rain falls and the evapotranspiration rate drops with a
decreasing temperature, the precipitation can exceed evapotranspiration for a shorter period.
Monthly potential evapotranspiration values are generally ≥ 125 mm (Sutherland et al. 1991),
which can be exceeded by received precipitation some wet season months. In other word,
without the pattern of dry and wet seasons the semi-arid region would be inhospitable. But as
mentioned earlier, also the amount and occurrence of the wet season rainfalls are unreliable.
This is something people and land managers in the Baringo catchment must have in mind;
droughts for example, are a naturally recurring phenomenon and not something that diverge
from the normal climatic conditions.

The downward moving trend of the total precipitation during the wet season months the latest
30 years was pronounced. Less amount of rainfall during those months means less water
surplus from precipitation compared to the evapotranspiration loss. The consequence might be
quicker soil moisture deficit during the dry months and less stored water that can easily be



52

experienced as less rainfall received. Through this point of view the local people that claim
that the annual precipitation is decreasing can be right, even if the actual trend is uncertain.

6.3. Hydrology
The main opinion is that the stream characteristics have changed in Lake Baringo catchment.
But how much of this could be seen in the record? The result that the maximum discharges
increase concurrently as the maximum rainfall event weakens and the total rainfall amount is
constant or even decreasing is clear evidence that something has changed (Fig. 31). More
water must reach the stream or the water is reaching the stream faster. The increased
variability, but rather constant total volume trend, is a sign of the latter. This could be
explained by an increased surface runoff, which on its turn is an expected consequence of a
changed landcover (chapter 3) So cleared forests and increasing bare ground could be the
explanation for the changed hydrological pattern.

An alternative explanation is to be found in the precipitation data. If the rainfall intensity
increased, as is suggested in chapter 5.2.2, it is likely that the soils infiltration capacity is
exceeded and a larger proportion forms runoff. Therefore it is impossible, from the existing
data, to say if altered hydrological conditions are a result of increased rainfall intensity,
decreased forests or a combination of them both.

Our idea to elucidate the surface runoff by looking upon the quotient between discharge and
precipitation failed. There were two main reasons for that. The monthly scale that we looked
upon was too broad. Water that runs off on the surface will be mixed with the base flow from
the groundwater. Even if the last mentioned is not a very large part it will mean that the two
water sources cannot be distinguished and a changed proportion will not be discovered.

Furthermore the data amount was insufficient. The rain data consisted of data from only two
stations, monthly for one of them (from1970) and yearly for the other. Two stations are far
too little to cover Perkerra River´s drainage area, which cover 1181 km2 and have a difference
of altitude of nearly 1000 meters. Besides that daily data would have been needed to be able
to compare with the discharge curve. On the river discharge data on the other hand the
problem was that even if we had data for a very long time they were available as gauge
height. To be able to calculate the discharge volumes from them the formula Q = a×(h/100)b

was used. The constants a and b are dependent of the shape and properties of the river
channel. They have however changed at some times during the measuring series. Likely
because of changed measuring places or new constructions in the river. So, even if many
attempts were made to extend it, the data series just cover the time 1963-1985. Therefore the
overlap between the precipitation and discharge data is too short to be able to draw any
conclusions.

Peoples opinion that the maximum flood peaks and the variability has increased can be
verified. It is likely that it is because of cleared forests, but the effect of the increased intensity
cannot be neglected, so it cannot be verified that it is just the effect from changed landcover.

6.4. Landcover changes
It is not just the size of Lake Baringo that has changed the last decades. The satellite images
show that changes of the landcover have occurred between 1973 and 2000 (Fig. 35). This
includes all different types of land cover.
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The variation of bare ground in the catchment over the analysed time could to a certain degree
be explained by the annual variation of the plant cover on agricultural land. Ploughed fields
will look like bare land, but later in the season when the plants have grown it will be classified
as bush instead. The effect will not be so large on the Njemps flat, but in the southern parts of
the catchment where agriculture is the dominating livelihood we believe that this could be a
non-neglectable reason to over estimate the bare ground on the 2000 image, which is taken in
February i.e. before the normal rainy season. But on the other hand when the 1984 image was
taken in June it had been an extremely dry “rainy-season”, with less rainfall the preceding 5
months in total than the amount that was felt in the 2 month preceding the 2000 image
(Perkerra stn.). So the difference might not be so large after all

Results of this kind must be looked upon with a little caution. The described difficulty to
distinguish bush from large crops cannot be neglected. Especially up on the Tugen hills but
also in the southern part of the catchment much of the “bush category” could be presumed to
be large plants, as coffee plants or maize.

6.4.1. Socio-economic background causes to changes in vegetation cover
Because of large economic and cultural importance of the livestock everyone tries to
maximise their herd. During rainy years with much pasturage the herd is extended and during
years with drought the goal is to keep as many goats as possible alive. In the past there was a
well-developed rotation pasture system, where certain areas were used for pasture during
different seasons. The dramatic population growth has however restricted the migration
possibilities. The migrating lifestyle was also opposed in many ways during the colonial time.
Nowadays there are not many laws that control the migration of livestock herds.

Still most of the land is communal owned in the lowland. The animals can graze everywhere,
everyone tries to maximise their own herd and no one takes responsibility for the land. In
other words what used to be described as “the tragedy of the common” (Leach & Mearns
1996). The attitude to the communal landownership is varying. Some people do not see
anything else as an alternative, while many are of the opinion that they do not want to work a
lot on communal land without any direct benefit. This could therefore be a large problem in
the work against soil erosion.

The lack of grazing restrictions and responsibility for land has led in many places to severe
overgrazing (Fig. 48). “This phenomenon results when stocking rates surpass the carrying
capacity of the land” (Denga et al.). Overgrazing has in its turn led to a constantly decreasing
vegetation cover and thereby an increasing pressure on the land. As a consequence of this
vicious circle the number of livestock per household has decreased. The number of goats in
total in the area has however increased. In 1975 there were 312 074 goats in Baringo district
(DAO 1984) compared to 625 600 in 1995 (DLP 1996). Since the people are poor and have to
struggle to make a living, it’s not easy to break the circle. Instead people have changed from
cattle to goats. The goats can eat much more bushes and twigs and therefore survive in much
harsher conditions. But on the other hand this leads to an even harder pressure on the
remaining vegetation. The animals both eat up the vegetation and break the lower vegetation
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and root system by their trampling. The trampling is often the initiation of gully erosion.

                 
6.4.2. The impacts of landcover changes in the highlands
Even though the effects of altered stream flows are most significant at the valley plain close to
the lake as erosion and siltation, we presume that causes can be found in the more distant and
higher regions of the catchment. The theory is that changes in landcover through the years,
especially on the slopes and in the highlands, at least contribute to the explanation of the
hydrological changes.

The population has grown by around 40 % the last twenty years in the catchment area of Lake
Baringo (Fig. 6), thus exerting increasing pressure on local resources. Due to the growing
population more and more forested areas in the humid highlands have been cleared and
gradually converted to cultivated land. Since 1973 the forested area has decreased with
around 32 % according to our satellite image analysis (Fig. 34 and 35). For example the West
Mao Forest, supplying River Molo, has been degazzetted, distributed to new settlers and
converted to agricultural land (UNEP 2000). The area once covered by Marmanet Forest that
supplied Ol Arabel River has gone through a similar change. Land cover changes, including
deforestation, highly influences the hydrological characteristics. Changes in the catchment’s
characteristics in the highlands can therefore also indirectly contribute to related problems as
accelerated soil erosion in the lower parts and sedimentation of Lake Baringo. To understand
why: the drying out of annual rivers, the floods during the wet season and the sedimentation
of Lake Baringo all can be linked to deforestation in the catchment’s outermost parts causal
physical changes including vegetation cover and soil properties must be considered.

The removal of the mature, old forests in the catchment area implies a drastic decrease of both
the evapotranspirating surface and the interception storage (chapter 3). The interception loss
and evapotranspiration rate will therefore decline when the forested area is cut or burnt down.
At first a probable increase in groundwater recharge through relatively well-structured soils
will follow. But with time land degradation will reduce the infiltration and percolation
capacity of the soils. Since macropores are lost during degradation and an increasing part of
the rainwater is lost by evaporation in the topsoils the ground water recharge will be minimal.
The rainfall derived water left generates overland flow with attendant surface sheet erosion.
The consequence is that the rivers response time to each rainfall event decreases. The
increased surface flow increases the immediate runoff in rivers and streams. The first
intensive rains at the beginning of the wet season generate surface flow to such an extent that
it results in large floods in the streams. The floods created are destructive and further
downstream they cause riverbank erosion, and consequently taking the eroded sediments all
the way down to Lake Baringo.

There are enormous advantages of maintaining and re-establishing the forest cover. Much
cleaner flowing water is one, due to less erosion, and therefore less sediment derived to Lake
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Baringo by the rivers. The flow of water should also be more evenly maintained through out
the year, instead of today with a high peak in the discharge which later decline to almost
nothing. In that way forest cover reduces the risk of low flow or even no flow at all, during
the dry season and the rivers stay perennial.

The aspect of time past after deforestation is fundamental to understand the true effects of the
deforestation in the catchment. New conditions for the soil-vegetation system will gradually
develop as the land degrades, and the consequences of the deforestation, reflected in altered
dry season flow, can take several decades to develop. Therefore the outcome of today’s forest
clearance might first be evident in coming years. The already uneven river flows and
attendant erosion visible today is probably an effect of earlier deforestation.

6.5. Soil erosion and conservation

6.5.1. The factors controlling erosion
The fast sedimentation of Lake Baringo is a consequence of the extensive soil erosion in the
catchment. The erosion is as earlier described, controlled by a number of factors which have
been more or less well investigated in the area. Our observation of a low infiltration capacity
of the soil is confirmed by a number of different surveys. Measurements made on the Njemps
Flats shows that the minimum rainfall needed to generate runoff is 7 mm (Wairagu).
Simulated rainfalls also show that the infiltration is very low and slow. During the simulations
on Njemps Flats the equilibrium infiltration rate was found to be between 11-16 mm/hr and
the maximum rainfall penetration, measured after a 40-mm/hr storm, was 8 cm (Wairagu).
This means that a very large proportion of the rainfall will form runoff, if the soil is bare, and
thereby create erosion. Rough estimates indicate annual erosion rates in excess of 200 t/ha
(Bryan & Sutherland  1992) for years of average rainfall, and substantially higher rates for
high rainfall years on the flats around Lake Baringo. Although extreme, this falls within the
range from other semi-arid areas in Kenya.

Rainfall erosivity (R) is an index combining the kinetic energy and maximum 30-minute
intensity of a rainstorm. R is estimated to less than 150 in drier areas of Kenya, including the
Baringo District, compared with over 400 in parts of the Kenyan highlands and the coast
where the highest erosivity hazards occur (Moore 1979). This means, and it is important to
remember, that the rainfall in the Baringo District is not highly erosive in comparison with
rates elsewhere in Kenya and East Africa. High soil-loss rates are more closely related to
extreme erodibility, vulnerability to surface crusting and to very high runoff yield (Bryan &
Sutherland 1992).

The conclusion of this is that although the rainfall erosivity is not so high the erosive rains
often fall on poorly protected soil, thus increasing the effective erosion. The overall
importance of rainfall erosivity is magnified by the dry conditions prevailing by the start of
the rainy season.

The wind erosion is another part of the vicious circle with increasing bare ground. The bare
ground is the source of the dust devils, because of the more intense heating of a bare surface
than of one covered by vegetation. Decreased vegetation cover means more intense surface
heating, which means more dust devils and there by an increasing pressure on the remaining
vegetation.
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Most of the results underline the importance of vegetation. For instance the few successful
vegetation re-establishing projects have shown that it is possible to change the erosion
situation, and that the vegetation is the main the factor controlling the eventual changes. The
fact that the vegetation cover has changed is apparent. A more complex discussion is why?
The fieldwork clearly point out overgrazing as the main factor on the lowland. On the
highland the deforestation is the main change of vegetation cover.

6.5.2. Spatial variation of erosion

It is not surprising that no erosion has been observed next to the lake since the ground is flat
and the water level shallow. The running water loses it velocity here, the soil moisture give
rise to a permanent vegetation cover, which in turn prevents erosion. Instead deposition could
be expected here since this is the lowest part of the catchment and periodically more or less
covered by water.

The problem here is instead bushland spreading. Prosopis (Prosopis juliflora), the most
problematic species, is a South American plant that was first introduced in the area to prevent
soil erosion. Prosopis can be up to 20 meter high under favourable conditions, it is highly
drought resistant and it gets on well in a warm climate. Muranga & Ojande, 1985,
said:”Prosopis is a good source of firewood, timber and food for humans and animals.” They
however also give the following warning: “It is an aggressive plant. Once established it can
become a weed and invade agricultural land.” The last part is truly sure around Lake Baringo.
It may seem that it must be positive that the bushes are increasing and thereby prevent soil
erosion. However, Prosopis nearly occur entirely as low bushes that outdo all other
vegetation. The problem is mainly that because the goats just eat the pods, not the plant itself,
it can spread unhindered. As long as it is just a bush it neither gives timber or grazing and it is
bad firewood. Since it is very efficient in taking up nutrients there is not much other
vegetation that survive underneath it. Therefore it is not even sure that it is a good erosion
controller.

Our opinion about the lowland is shared by many other surveys. Wahome says in his report;
“on the flat lowland the open areas are very exposed to the rain and runoff and the sheet
erosion is therefore severe and the most important erosion process on this area”. On the
steeper sloping areas the gully erosion is the main erosion factor and in many places very
extensive. This report is from 1984 so it is not a new situation. A comparison with the Erosion
Status map (Fig. 50) confirm our observation of the spatial variation of the erosion, even if it
needs some comments to be understandable is some aspects.
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The flat open areas around the lake, Njemps flat for instance, has been described as a very
problematic area. But it is also partly described as “Slightly-moderately eroded” on the
Erosion Status map. This could seem wrong, but since it is not severely eroded it means that
the soil is still there and could be eroded. So the status of erosion has to be seen as to which
degree the land has been eroded not as how active the erosion processes are today. According
to our field observations the erosion is most active on the lowland. On the other hand we think
that the description of some of the areas as slightly-moderately eroded on the map is an
underestimation of the present situation. The erosion has continued for over a decade since the
map was drawn.

Our observation that animal paths initiate many of the gullies is shown to be a common
situation. Morgan (1995) writes “Gully erosion is often caused by animal paths, which grow
to rills, where a headwall is developed. Scouring at the base of the scarp leads to a deepening
of the channel and undermining of the headwall, which then leads to a collapse of the
headwall and a retreat of scarp upslope”. But a gully can also be induced by subsurface flow
in pipes, a phenomenon rather common in the area. This process is explained by Cooke et al.
(1996); Clay particles are dissolved and small pipes are formed. When the size of the pipe
increases, so do the water velocity and the erosive force. This of course demands an increased
amount of water but since the rain often fall in large amounts at few times the water
availability is rarely a limiting factor. It is therefore easy to understand the susceptibility of
this area.

The steep slopes that we found to be stony and bushy are also described as severely eroded on
the map. Here there is not much soil cover to be eroded, the stones protect the underlying soil

Severely eroded

Strongly eroded

Moderately eroded

Slight-moderately eroded

No erosion, slight eroded

Fig. 50 – Status of Erosion Map, northern part of the Baringo catchment
(MALDM 1994)
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from erosion and so on. Therefore the erosion cannot change the soil cover as much here as
on the lowland.

The Status of Erosion map show that there are just slightly or no erosion in the highlands.
From the view that the highlands have a good vegetation ground cover this is true. But since
the landcover is changing from forested to open and cultivated land, a picture confirmed by
satellite images, aerial photos and field observations, the erosion status is changing as well.
Compared to other parts of the catchment the highlands have very suitable conditions for
cultivation of the land. The problem is that the growing population has been forced to take
less suitable land, as steep slopes, under cultivation too, hence leading to amplified surface
flow and sheet erosion. Sheet erosion has been very difficult for us to see since the fieldwork
period was during the dry season and because most open land has been ploughed after the last
rainy season.

6.6. Population
The population in the Baringo area is growing at a fast rate today. The fact that over 60 % of
the population is under 20 years (Fig. 7) contributes to the thought that a drastic population
growth will be unavoidable in the future, even if the growth rate is declining. Thus exerted
pressure on the land is to wait. Therefore better land management is crucial to stop the land
degradation and prevent further soil erosion so at least more people do not have less land as
well. The fast increasing population must be regarded as one of the main future threats to the
area. The land is divided into smaller and smaller pieces, pieces too small to feed a family.
That less suitable land is taken under cultivation is unavoidable since the dependency of the
land is so large.

6.7. People’s perceptions
Erosion occurs with or without human influence, but a situation as the current one around
Lake Baringo is certainly affected by human activities. All studies in an area like this must
have the aim to, and in some way try to, promote the situation both in the lake and for the
people living around it. Since the nature of the problem is as anthropogenic as it is, the
solution to the problem is more a matter of changing people’s way of using the land than
building technical solutions. It should therefore be wrong to neglect the people’s attitude to
the problem. But on the other hand when attitudes are discussed the environmental condition
has to be kept in mind. In an exposed area like this the main thing of concern is food and
water for the day. As long as those fundamental demands are not satisfied other problems
cannot be solved. People would not spend time and money on a future problem. Or as a
farmer expressed it when he was interviewed (Aboudh et al. 2002); “Conservation is a skill to
save food for tomorrow, but people in Lake Baringo catchment are dying today”. For that
reason the issue of wealth and economic development is closely integrated with soil erosion.

6.7.1. Historical view
A sustainable future cannot be discussed without looking upon how it used to be. The fact that
the population has increased everyone agrees about, the respondents as well as the statistics
(Table 3). Regarding the precipitation many of the interviewed households have experienced a
decrease and somehow they might be right, although the decreasing trend is not so obvious in
the annual rainfall data. But this was discussed in the Climate chapter 6.2.
About the temperature the answers rather unanimously point out that it has increased.
Unfortunately we have not got any reliable data that can confirm this or not. But our key
informants, who have studied the temperature in other parts of the country, means that it has
not been increasing, at least not significantly. According to IPCC report (2001) the



59

temperature increase for eastern Africa the last century was about 1ºC. But we got a possible
answer from one of the interviewed farmers. Even if he did not formulate it in this way the
context is; when the vegetation disappears due to overgrazing, the albedo increase, more of
the sunlight is reflected and the temperature appears to be higher. The increase of the bare
ground on the expense of the grass and trees is confirmed by the satellite images. In the case
of livestock numbers people tend to answer in terms of number per household instead of the
total number, which should have been more relevant for our purpose. The statistics points out
that the number of goats has increased significantly the last decades.

6.7.2. Awareness and attitudes to the current situation
People are in general very aware of the problems. Almost six out of ten think that soil erosion
is a very serious problem. Nearly everyone agrees on many of the different suggestion of what
should be done to solve the situation. But very little is done. To practice soil conservation is
of course not a complete solution to the situation, but it should be a big step in the right
direction. It is hard to argue about the fact that 70 % of the households say that “tools and
equipment” limits them from making more soil conservation (Fig. 44), because even if very
simple tool is enough, you still need something to build or dig with. By an uninitiated
observer the 50% that answers that labour or building material is limiting could seem very
strange. In our opinion this was two of the things that certainly was not limiting in most of the
cases. As building material very basic things as stones and brushwood often are enough
(Wenner 1980). Labour is probably another case of the earlier described situation; you do not
spend work and energy on things that are not beneficial immediately. The same problem is
most likely behind the lack of alternative income sources to the traditional livestock breeding.
The lack of power of initiative is probably often a combination of limited knowledge and
initial capital or resources.

What is sure is that at least the large dependence on livestock is one of the main causes of the
soil erosion. If not so many were pastoralists the number of animals could be decreased and
thereby the current situation with overgrazing could be solved. To discuss overgrazing,
decrease of livestock etc. is a controversial point around Lake Baringo. In many communities
the livestock herd has a big social and cultural importance. To suggest decreasing the number
of livestock to reduce the overgrazing is therefore often seen as ridiculous or even a threat to
their way of living. With this in mind it was rather surprising that almost 50% were willing to
decrease their number of livestock if it would solve the problem of soil erosion. This was not
the impression we got from the group discussion. Many pastoralists could also think of
decreasing their livestock if they got alternative income sources or larger areas to cultivate.
Increased farming in the lower areas would open up a possibility for the traditional pastoralist
to decrease their livestock, control their land more and probably prevent some soil erosion in
an attempt to stop further degradation.

Another controversial issue is the landownership. Here the opinion goes apart both between
different geographic areas and between the generations. In general the younger group say that
there is no point in practicing soil conservation on communal land, while the older group sees
communal landownership as a requirement for the possibility to rotate the livestock herd. The
first group is the dominating one; most of the households say that they would care more about
the land if they owned a private piece. A very large proportion also says that they would
change the landuse, be more careful cutting down trees, have a more controlled grazing, etc.
This means that it might be necessary with a fundamental change of the landownership to
come up with a permanent solution of the whole problem with soil erosion.
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The situation in Lake Baringo is maybe the issue that best underlines the difference between
knowledge and willingness to solve the situation (Fig. 46). Nearly everyone agrees to the
statements that the lake is threatened by siltation, which is caused by land degradation, that
the lake is important for the region, etc. But when it comes to work just a few are willing to
make a contribution. The impression was that people living close to the lake means that it is
the people living uphill that have to take responsibility for their animals and not let them
graze around the lake, while the main view in communities further away from the lake is that
the problems in first hand have to be solved by the people living by the lake. This makes the
situation hard to solve. Since the problem is complex everyone has to take their responsibility.
On the question “Who has the main responsibility for preventing further land degradation?”
the main opinion is that it is every farmer himself. But once again the step between word and
action is huge.

The question above was formulated “for preventing further land degradation” and that deserve
to be commented. Land degradation is defined as a reduction in capability of land to satisfy a
particular use (Blaikie & Brookfield 1987). There is a big difference in the definition of soil
erosion and land degradation but for the people living here it is basically the same. Because
for them, under these circumstances, it is not about how many tonnes of soils per hectare and
year that are eroded, the main thing is how it affects the possibility of survival and the daily
life. Consequently soil erosion has a large impact on the living conditions in this environment.
It limits the arable area, it decreases the fertility of the land, it restricts the water availability
and reduces the water quality, the fish in the lake disappear when the silt load gets to large,
the lakes potential as a tourist attraction is limited and so on. Everything contributes to
aggravate the situation in the catchment, both the daily life and maybe most of all the
vulnerability for extreme events. Many people insist that the drought has got worse in recent
decades, but most of the area is a semi desert with high variability of precipitation. So you
have to keep in mind that; “causes, internal features and consequences (of natural disasters)
are not explained by conditions or behaviour peculiar to calamitous events. Rather they are
seen to depend upon the ongoing social order, its everyday relations to the habitat and the
larger historical circumstances that shape or frustrate these matters” (Hewitt 1983).
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7. SUMMARY & CONCLUSIONS

During the last decades both the depth and the area of Lake Baringo has decreased
dramatically. The shrinkage of the lake is due to both siltation and inadequate water volumes
flowing to the lake resulting in a negative water balance. The increased erosion and sediment
transport to the lake and changed hydrologic pattern is primarily caused by altered landcover
in the catchment area, but amplified by changed rainfall conditions.

The changed landcover is in many respects an effect of the increased population, which
continues to grow and intensify the pressure on the land. The influences of this is however
different in the different part of the catchment. In the crowded highland lack of space force
people to convert forested areas to arable land, hence leading to amplified surface flow and
sheet erosion when the forests buffering- and infiltration capability disappears. This means a
more peaked water flow in the rivers with high vastly erosive flows for a short time after the
rains and then no water at all during rest of the year. The results are substantial riverbank
erosion downstream and extensive silt supply to Lake Baringo.

In the lowland the dominating problem is overgrazing, which leads to a constantly decreasing
vegetation cover and thereby an increasing pressure on the land and the remaining vegetation.
The soils are very silty and often contain much smectite clay with surface crusting and low
infiltration as result. Gully erosion is the main erosion factor and in many places very
extensive. The rainfall in the Baringo District is not highly erosive in comparison with rate
elsewhere in Kenya and East Africa. But the rains often fall on poorly protected soil with
extreme erodibility and very high runoff yield, thus increasing the effective erosion.
The problem with overgrazing is not easy to deal with since the livestock has a very important
role, both economically and socially. Not just because most of the land is communal owned,
everyone try to maximise their own herd and no one takes responsibility for the land, which
also contributes to overgrazing.

Fig. 51 – Schematic modell over the links between the physical and socio/economic factors that in the
end contribute to the drying up of Lake Baringo.
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Changed climatic parameters are an important factor for the changed hydrological pattern and
increased erosion that has been described. Though, in a semi-arid area the year-to-year
variability of the precipitation is very large, so there is a high uncertainty of the rainfall
decreasing trends. Our data however clearly indicate a significant decrease in the frequency
of rainy days, both per month and year, with no similar obvious trend for rainfall. This could
mean enlarged rainfall intensity, since the rainfall amount per rainy day is increasing.
Especially during the important rainy season months this is noticeable. Droughts and floods
must be seen as naturally recurring phenomena. Strong El Niño’s might affect the area but
other, equally strong, driving forces must be behind the high variability. The low reliability of
the rain in the beginning of the wet season complicates planning and land management.

The soil erosion has a large impact on the arable land, water availability, etc. and thereby
affects the daily life and possibility for survival. For the people of concern the difference
between soil erosion and land degradation is slight, since soil erosion is causing almost all the
land degradation problems. Since the nature of the problem is as anthropogenic as it is, the
solution to the problem is more a matter of changing people’s way of using the land than
building technical solutions, it should therefore be wrong to neglect the people’s attitude to
the problem. Most of the households say that they would care more about the land if they
owned a private piece, to decrease their livestock heard is on the other hand opposed by a
large fraction. But the opinions are clearly split between the lowland and the highland on this
question and others that reflects the different lifestyle in the different areas. The overall
picture of people’s perceptions is that both the knowledge and the awareness of the problems
are rather high. But when it comes to action just a few are willing to make a contribution. This
must however be seen in the light of; that as long as fundamental demands are not satisfied
people will not spend time and money on a future problem.
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8. FUTURE PROSPECTS OF THE REGION

8.1. Effects of a climatic change – A future scenario
It’s a statement today that depletion of the ozone layer and accumulation of greenhouse gases,
such as carbon dioxide, in the stratosphere might lead to a global warming (IPCC 2001). How
the situation is in Africa and how the continent will be affected is not well investigated. Few
future climate predictions are made, especially regional ones, but mean trends over the past
100 years, averaged over continental Africa show a slight temperature increase of around 0.8
ºC and an 80-90 mm precipitation decline since 1960 (IPCC 2001). The highland areas of
eastern Africa, where parts of Kenya can be included, are substantially cooler than lowland
regions, and there is evidence that recent warming trends may have been exaggerated in these
mountain areas (IPCC 2001).

The impact of global warming on water resources in Kenya will mainly be seen as increased
rates of evaporation/evapotranspiration and abnormal changes in the prevailing rainfall
patterns (Ongwenyi et al.). Changes in annual rainfall patterns would be explained by shifts in
the ITCZ, which results in increases or decreases of rainfall amounts in different parts of the
country. It is predicted that the arid and semi-arid parts of Kenya including the area of Lake
Baringo, will continue to experience even drier and more severe drought conditions, while the
humid western Kenya will receive more intense rainfall (Ongwenyi et al.). In other words;
there will be an increase in the severity of hydrological extremes, namely floods and droughts,
which of course will have effects on hydrological conditions such as river discharges. This
will also imply even harsher conditions to the already strained arid lands, their current land
use and agricultural systems with consequences for the livelihood of the people living in such
lands. This situation can therefore be likely to occur also in the semi-arid surroundings of
Baringo. The land will in that case be even more vulnerable to overgrazing and the
destruction of vegetation. Such activities will encourage further soil erosion, with attached
sediment transport in streams and sedimentation in Lake Baringo. Reduced streamflow in the
rivers could also be expected.

8.2. Future suggestions
A fundamental consideration, for a future strategy to solve the land degradation problems in
the Baringo catchment, is land tenure and its effect on the adoption of conservation measures.
All land in the Baringo drylands is communal, although informal “ownership” of cultivated
plots is respected. Since land tenure is not private it is probable that the motivation to invest
either money, time or labour in conservation measures are very limited, especially if it will be
based on voluntary means. People’s awareness of the long-term benefits from conservation is
also most uncertain. Therefore it will be very important to involve the local population
because measures regarded as irrelevant, or not worth the effort, will not be adopted. Past
experiences from other projects tell us that conservation program rarely works unless the
program satisfies the people’s urgent needs. Main urgent needs are unfortunately not of
environmental concern as water resources and food are restricted in the area.

When it comes to conservation methods one must consider the dominant soil erosion
processes active at each location. The main focus in sheet wash and rill erosion control is
revegetation of a ground cover. Therefore the conservation measures that restore ground
vegetation or which improve infiltration capacities are most likely to be successful. Since
most of the landuse is pastoral and not agricultural, in the critical lowland, the most important
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measure is to restrict livestock movement. Here again the aspect of land tenure is important,
since care of and responsibility for the land is a key factor. If fencing of livestock moving
around is done, and if particular pieces of land are protected from trampling and grazing
animals, grass and trees according to the people’s need can be planted and re-established
successfully.

Future gully erosion will also be prevented if the vegetation cover is enough. Though, already
initiated gullies might be troublesome since they are the starting point for further gully
development. Simple check dams of stones or brushes in all small gullies can be a realistic
start for each farmer. The same material can also be used to fill up the sloping gully head.
Those measures will slow down the water flow and at the same time increase the infiltration
in the ground. If everyone does their share it could be possible to reduce the peak flows of the
rivers.

Farmers in the area must accept that drought is a recurring characteristic of a dryland rainfall
regime. The large proportion of overland flow could be seen as a possibility, not just a
problem, if water from the outside of the plot could be led in to the crops. Water harvesting,
agriculture and forage production must therefore be designed to cope with drought periods.
Rain harvesting accompanied with contour ridges, which retain scarce rainfall, could be extra
important during years with severe drought. The soils are however generally rather fertile, so
if just the rain is used in a good way the income from the harvest can easily exceed the one
from livestock production. Planning and farm management must also take the erosive rains in
the beginning of the wet season into account. With some effort to increase ground cover at
this time of year (with mulching for example) much of the soil erosion problem can be
prevented, but the high unreliability of rainfall makes the situation even more difficult.

In the cultivated highlands the most important issue must be to prevent further forest
clearance. Since the already large population is increasing it will be hard to re-establish
previous forested areas, but to make the best of the now cultivated fields’, agro-forestry and
improvement of soil conservation measures as terraces is a part of the required proper land
management. Alternative fuel sources to wood and charcoal could contribute to more careful
tree consumption.

Finally, but not least important, is the need for alternative income sources, like markets for
other products. If there were an option to livestock keeping or agriculture both the
dependency of and the pressure on the land would decrease. Agriculture is of course an
alternative to pastoralism in the lowland areas. Better knowledge and education will be crucial
to future business development.

8.3. Further research
The properties of the soils, like texture, rockiness and erodibility, in the area are already very
well examined. But to raise the understanding about the factors contributing to the shrinkage
of Lake Baringo and the land degradation in the area more climate and hydrology data need to
be analysed. Suggested studies would be to analyse rainfall data over a longer period to
evaluate the significance of the year to year trends and rainfall data on a daily basis to confirm
the theory about increasing rainfall intensity and to compare with the discharge
measurements. With available gauge measurements the discharge in Perkerra River from
1985 up to today’s date could be calculated, so the river discharge trend could be extended
and properly analysed, to see how much altered hydrological conditions contribute to the
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decline of Lake Baringo. To confirm the siltation’s role in the shrinkage of the lake the
sediment content in the river water needs to be measured.
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Appendix 1

LAND DEGRADATION SURVEY IN LAKE BARINGO CATCHMENT

This survey is made by Jenny Johansson and Jakob Svensson, Gothenburg University, Sweden. The study is
strictly academically, your personal answers will never be exposed.

1. Name (Optional): 2. Age: Date:

3. Location: 4. Village 5. Community:

6. Household composition
No. Man, wife, 1:st child, etc Sex (M/F) Age Years of education
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

7. Livelihood
Agriculture Pastoralism Business Employment

Main type of livelihood

8. Land ownership: 9. Farm size
Communal Private

Land ownership

10. Income: On-farm:
(Specify the main products)

Off-farm:

11. Distance to reliable water resource (one way):
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12. Division of labor in the household
(It's possible to mark more than one person, Young = under 15 years)
Labor Adult men Young men Adult women Young women
Household supervision
Fetching water
Herding
Milking
Cultivating
Fetching firewood
Cooking
Cleaning the house
Washing clothes
Selling farm products
Make the purchases
Healthcare for livestock
Caring for the young
Repairing the house
Employment outside farm
Fencing
Honey production

HISTORICAL VIEW
13. How are the following factors today compared with as far back as you can remember?
(mark one alternative)
Factor Much inc. Increased The same Decreased Much dec. Don't know
CLIMATE
a) Temperature
b) Precipitation
VEGETATION
a) Grass
b) Bush
c) Trees
d) Bare ground
WATER
a) Distance to source
b) Amount
SOIL EROSION
WILDLIFE
a) Species
b) Numbers
POPULATION
LIVESTOCK
a) Numbers
b) Rotation possibility
AGRICULTURE
a) Food production
b) Cultivated area
c) Irrigation
FISH
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14. Do you se the following factors as a problem in your area?
Factor Very serious Serious Moderately Not serious Not a problem
Cutting of trees
Soil erosion
Lack of water
Overgrazing
Bushland spreading
Population growth
El Nino
Drought
Others

15. Soil erosion is a big problem, what do you se as the main causes to the soil erosion in your area?
Rank the following factors (1-8)
Factor Rank
Overgrazing
Cutting of trees
Population growth
Climate change
Irrigation farming
Rainfed farming
River stream discharge
Others

16. You have ranked the causes to soil erosion. What are you willing to do to solve the problems? (Ex.
prevent cutting of trees, decrease livestock, do more soil conservation etc.)

17. What could possible make you to decrease your livestock?
(Ex. if it led to less soil erosion, you had other income possibilities, larger cultivated area etc.)

18. If you owned and had a private piece of land, would you then do some of the following changes?
Changes Strongly

agree
Agree Not sure Disagree Strongly

disagree
Change the land use
Care more about the land
Adopt more soil
conservation measures
Be more careful cutting
down trees
Have a more controlled
grazing area
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19. How do you agree with the following statements about Lake Baringo?
Statement Strongly

agree
Agree Not sure Disagree Strongly

disagree
Lake Baringo is drying up
Lake Baringo is threatened by
siltation
The siltation of lake Baringo is
caused by land degradation
Lake Baringo is important for you
today as a freshwater reserve
Lake Baringo is important for the
region
Something must be done
immediately to save Lake Baringo
People should work to preserve
Lake Baringo
People in your community are
willing to work on voluntary basis
to preserve Lake Baringo
You are willing to work on
voluntary basis to preserve Lake
Baringo

20. How has the household economy changed the last 5 years?
Much
increased

Increased The same Decreased Much
decreased

Don't
know

Household income
Household expenses
Household living standard
Possibility to sell products
Price on your products

21. Soil erosion is a big problem. How large are the impact on following factors in your household?
Factor Large Moderately Small No problem
Food supply
Water resources
Soil productivity
Farming area
Grazing area
Wood supply
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22. How do you agree with the following statements about your economy?
Strongly
agree

Agree Not sure Disagree Strongly
disagree

The household income is enough
for an acceptable living standard
You mainly sell your products in
your village
You mainly sell your products in
closest town
You would sell your products on
markets outside the district if the
prices were higher there.
You would sell your products on
markets outside the district if the
transport possibilities were better.

23. Do you practice/have some of the followings for soil conservation?
Yes, a lot Yes, some No

Planting trees
Planting grass
Control grazing areas
Livestock rotation
Terrace farming
Water conserving structures
Gully control
Others

24. Are the following factors limiting for you, to be able to do more soil conservation?
Limitation Much

limiting
Moderately
limiting

Little
limiting

Not limiting

Labor
Building material
Tools, equipment
Time
Land ownership
Knowledge
Interest
Others

25. What can you do yourself, with the resources you have today?



Appendix 1

26. What do you see as the main future threats to your area?
      (Rank the top 3)
Threat Rank (1-3)
Food shortages
Water shortages
Droughts
El Nino
Less firewood supply
Soil erosion
Lake Baringo drying out
Population growth
Overgrazing
Bushland spreading
Others

27. Should the following be done to prevent further land degradation in your area?
Action Strongly

agree
Agree Not sure Disagree Strongly

disagree
Privatize the land
Increase rainfed farming
Increase irrigation farming
Control tree cutting
Stop bushland spreading
Decrease livestock
Control grazing
Improve migration possibilities
Privatize the land
Plant vegetation
Build terraces and/or other
conservation structures
Create alternative income
opportunities
Others

28. What do you think is the most important to be done to prevent further land degradation?

29. Who has the main responsibility for preventing further land degradation?
(Rank 1-5)
Main responsibility Rank (1-5)
The Government
The District
The Community
Every farmer himself
Non-Governmental Organizations



LANDFORM & SOILS

Code Landform Geology and
Soil parent
material

Slope Altitude Soil depth Texture Soil
fertility

Soil water
holding
capacity

Erosion Rockiness Runoff
losses

A1 Various, mainly
clay loam Moderate Moderate Slight sheet and

gully None High

A2
Alluvial plain

Alluvium derived
from undifferentiated
volcanic material

Almost flat 900-1000 m Very deep
Various High Very high Locally severe to

extreme sheet Stratified None

YV1 900-1200 m Very deep Very fine sandy
loam to silty clay Moderate to high Moderate sheet,

locally gully
Locally gravely
surface

Moderate,
locally very high

YV2 1000-1200 m Deep Clay Moderate Severe sheet Very gravely and
stony

High

YV4

Piedmont plain
Undifferentiated
sediment derived from
volcanic rocks

Very gently sloping

1000-1400 m Deep to shallow Heavy clay to
clay loam

High

Moderate to low Moderate sheet,
locally gully Locally stony Low to Moderate

LsB1 1500-1800 m 1. Sheet
2. Sheet and gully

LsB2
Plateaus Volcanic rocks,

mainly basalt

Minor scarps and
gently undulating
relief 1000-1500 m

1. Very shallow
2. Deep Clay loam Moderate to

high
1. Low
2. Moderate 1. Severe sheet

2. Locally gully

1. Extremely
gravely
2. None

Moderate

PP Bedded volcanic ash
deposits

Very gently
undulating slope,
locally steeper

1500-1700 m Deep Sandy loam Moderate High
Moderate sheet,
locally severe gully

Stratified fine
gravely

PB
Plains

Basalts of recent age
and derived sediments Almost flat 800-900 m

1. Moderately
deep
2. Very shallow

Clay loam Low 1. Moderate
2. Very low

Slight sheet
1. Locally gravely
2. Extremely rocky
and stony

Moderate

UV Undifferentiated
uplands

Bedded ash deposits
and basalts

Intricately dissected
short steep slopes 1000-1400m Very shallow Clay loam

Moderate to
low Very low Extreme gully

Very gravely,
locally stony Very high

UhV1 1750-2500 m
1. Shallow
2. Deep

1. Various
2. Clay Moderate

1. Moderate
2. Very high

Locally slight on
steep slopes

1. Locally
2. None

1. Moderate
2. None

UhV2
High level uplands

Undifferentiated older
volcanic rocks, mainly
basalts

Short slopes, steep
to gentle

1500-1800 m Moderately deep Clay, clay loam
Moderate to
low Moderate

Widespread sheet
and gully Locally Moderate

HV Steep straight
moderately long
slopes over 30 %

1100-1400 m Very shallow Low
Severe sheet,
locally gully Stony and gravely Various

HsV
Undifferentiated
volcanic rocks Steep faulted area,

gentle and steep
slopes

1500-1900 m
1. Shallow
2. Very shallow

Clay loam, silty
clay loam Moderate

1. Moderate
2. Very low

1. Moderate sheet
2. Severe sheet

1. Very gravely
2. Extremely rocky
and stony

1. Moderate
2. Very high

HP
Hills

Ashes and pyroclastic
rocks

Moderate

900-1500 m
1. Deep
2. Very shallow

Fine to gravely
sandy clay loam

Moderate to
high

1. Low
2. Moderate Locally gully

Partly extremely
rocky

1. High
2. Moderate

MV
Mountains

Undifferentiated
volcanic rocks

Very steep irregular
very long slopes
>50%

1200-2200 m Shallow Clay loam
Moderate to
low Moderate Severe sheet

Very gravely stony
surface Moderate

B
Bottomlands

Sediments derived
from ashes and
volcanic rocks

Almost flat 1400-1500 m Very deep Clay loam Moderate Low Severe sheet Stratified stony Low

VC Valley complex
Undifferentiated
volcanic rocks

Irregular undulating
dissected slopes 1200-1600 m High Moderate to low Severe gully HighA
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