
Implications of climate change on the management of
Rift Valley lakes in Kenya. The case of lake Baringo

Item Type Proceedings Paper

Authors Ngaira, Josephine K.

Citation Odada, Eric & Olago, Daniel O. (Ed.) Proceedings of the 11th
World Lakes Conference: vol. 2, 2006. p. 133-138.

Download date 26/05/2023 22:26:59

Link to Item http://hdl.handle.net/1834/1472

http://hdl.handle.net/1834/1472


 

 133

Implications of climate change on the management of Rift Valley lakes in Kenya. 
The case of lake Baringo. 
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School of Environment and Earth Sciences, Maseno University, P.O. Box 333, Maseno, Kenya 
Email: ngaira@eudoramail.com. 

Abstract 
Climate patterns of the World became very variable during 
the last half of the twentieth century. Causes of this 
variability/change have been identified as: Sun Spot 
activity, ozone depletion, decline in the solar beam, with 
the more pronounced especially in Africa being Increased 
atmospheric carbondioxide, and albedo change due to 
anthropogenic factors. 

The most affected weather elements by the above 
mentioned factors particularly in the tropics are Rainfall 
and Temperature, and the climatic environments most 
affected by the named weather elements are the arid and 
semi-arid lands which are already moisture constrained. 
The rift valley in Kenya, where most of the lakes are 
located experience Arid and Semi-Arid climate. The lakes 
located in this region are tectonic in origin, they are long, 
narrow, deep and salty except Baringo and Naivasha 
which are fresh water lakes. 

Climate change/variability has caused both direct and 
indirect impacts on lake Baringo and its ecosystem. The 
direct impacts of extreme climate events (floods and 
droughts) include fluctuation of lake levels, salinity and 
aquatic life disturbance. 

The indirect impacts which are anthropogenic in nature 
include; silting, soil compaction, illegal abstraction of 
feeder waters to the lake, change in aquatic species 
composition and famine. 

In order to sustainably manage and utilize the waters of 
lake Baringo, there is need for a serious government 
policy on illegal water abstractions and massive 
afforestation of indigenous trees to enhance rainfall 
regularity. 

Introduction 
Climate change has been a major focus of attention 
for atmospheric and other scientists heading into the 
21st century. Global climate started changing 
noticeably in the 2nd half of the 20th century (1960s) 
and has continued into the 21st century. The change 
is marked by high frequencies of extremes of rainfall 
and temperature compared with the 1900 – 1940 
period when both temperature and rainfall were 
more equable in continental interiors and winds 
more consistent. 

There was more erratic weather in the second half of 
the 20th century with the most vulnerable areas 
being the sub-humid and semi arid zones on the 
margins of the great deserts in Africa (Sahara) and 
Asia. 

Possible causes of climate change  
Multi – year weather anomalies which affect the 
whole globe or bigger portions such as the coldest 
century termed the “Little Ice Age” (1645 – 1715 
years) and the “Little Tropical Age” (1870 - 1930 ) 
are likely to arise from a number of external causes 
such as sunspot activity and astronomical or 
Milakovitch theory. El nino Southern Oscillation 
(ENSO, increased atmospheric Carbon dioxide, 
depletion of ozone layer, deforestation and dust 
arise from anthropogenic causes. 

The climatic factor of greatest economic significance 
in Africa, Kenya included is rainfall. The year-to-year 
and month-to-month variations are large and 
frequent in the region - (Table 1) 

 

Table 1. Notable Regional Climate Anomalies In Kenya  
YEAR EVENT 

1961 Extremely high equatorial rainfall in East Africa which led to East African lakes rising in 
levels to above all twentieth century record. 

1968 - 73 Severe phase of drought (Sahelian drought) in Ethiopia and the Sahel region which caused 
severe famines, animal loss, desertification and reduced the size of Lake Chad -- 

1977 Highest rainfall ever recorded in Kenya which caused severe gulley erosion, Lake level rise 
in semi - arid regions 

1984 Severe droughts in Kenya led to the introduction of “food queues” in supermarkets  
1991 - 92 Severe droughts in most arid areas in Kenya led to the introduction of “food for work” 

programmes, and reduced surface areas of the lakes in the region. 
1997 - 98 Kenya experienced the worst floods in 36 years caused by El-nino which increased surface 

area of Lakes in the rift valley. 

 

The current debate on climate change has raised 
questions about possible effects of this change on 
the hydrologic systems. The Intergovernmental 
panel on climate change predicted that the warming 

of the Earth will affect precipitation patterns, 
evaporation rates, the timing and magnitude of run-
off, the frequency and intensity of storms and 
therefore interfere with the quality and quantity of 
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both surface and groundwater resources. The 
temperature and precipitation changes will affect the 
water demands for agriculture, industrial and 
domestic purposes. 

The most vulnerable areas to climate change are the 
sub-humid (tropics) and the semi-arid zones on the 
margins of the great deserts of Africa (Sahara) and 
Asia. 

Formation of Rift Valley Lakes 
Two major theories attempt to explain the formation 
of the Rift Valley. One theory relies on the forces of 
tension while the other on the forces of 
compression. Both theories depend on up-warped 
swells along the sides of which faults develop. 
(Bunnet, 2003) 

The most impressive rift valley system in the world is 
in the Eastern part of Africa where it is known as the 
Great Rift Valley of Africa. It extends for over 
5600km. 

The Western part of this rift valley passes through 
lakes Tanganyika, Mobutu (Albert) and Amin 
(Edward) while the Eastern part passes through 
lakes Magadi, Baringo, Bogoria, Nakuru, Naivasha 
and Turkana (Bunnet, 2003) Figure 1 

The lakes found in Kenya’s Rift Valley are therefore 
tectonic in origin, they are also known as fault lakes, 
where water is tapped in the down faulted valleys. 
These Lake were formed during the Miocene period, 
25 million years ago. 

 

 
Figure 1 Location of Rift Valley Lakes in Kenya. 

Characteristics of Rift Valley Lakes 
i. They are found on the floor of the rift valley at 

low altitude of between 900m to 1800m above 
sea level. 

ii. They are Techtonic in origin and are also 
referred to as fault lakes. 

iii. They are long, narrow, deep and with irregular 
shapes  

iv. The climate varies from arid (L. Turkana and 
Magadi) to semi – arid as in Lake Baringo, 
Nakuru and Naivasha. 

v. Annual rainfall ranges between 250mmin the 
North rift to 750mm towards the South. 

vi. Annual Evaporation rates are very high 
ranging between 1800mm to 3500mm 
rendering most of the lakes salty except 
Lakes Baringo and Naivasha which are fresh 
due to the under ground sepage. 

vii. Very high Temperatures reaching 41ºC and 
large annual diurnal temperature range of 
about 22ºC are frequent as found in Lake 
Magadi where salt is mined. 



 

 135

viii. Because of their origin (faulty location on the 
floor of the rift valley) they have Tourists 
attraction sites. Hot springs in the Lake 
Bogoria, Flamingoes on Lake Nakuru. 

The volumes of water in the lakes depend on the run 
off from seasonal streams. Management of lake 
levels is therefore dependent on rainfall, which is 
normally little and erratic. 

The size and depth of these lakes is controlled by 
the precipitation received in the catchment area. 

Lake Baringo (a case study) 
Lake Baringo is a fresh water lake. It is located in a 
sparsely populated Marigat division of semi-arid 
Baringo district, in the Rift Valley of Kenya. It lies at 
an altitude of 915m above sea level, latitude 0 º44 ´ 
and 0º 34 N and longitudes 36º 00´ E and 36 º 10´E. 

The main rivers are Perrenial rivers Perkerra and 
Molo, the seasonal rivers include Endao, Mukutani, 
Or Arabel and Wesegese Figure 2. 

 

 
Climate 
The area experiences low and erratic annual rainfall 
which varies between 500mm and 750 mm in most 
parts of the region, characteristic of semi – arid 
regions 

Annual evaporation rates vary between 2000mm 
and 2800 mm, which are much higher than the 
annual rainfall 

The dominant controls of weather and climate in the 
region and East Africa as a whole are: (i) The Inter-
tropical convergence zone (ITCZ) (ii) Altitude (iii) 
Latitude. 

The low latitude, coupled with Acacia Scattered 
vegetation (Semi – Arid) means that most of solar 
radiation escaping into space is radiated back to the 
surface by high carbon-oxide concentration in the 
atmosphere, leading to consistent high temperatures 
of between 350C to 390C for most of the year. 

Methodology 
The research was funded by the Institute of 
Research and Postgraduate Studies (IRPS) Maseno 
University Kenya in 1997. 

The study sought to investigate the impact of climate 
change on the following. 

(A) (i)  Lake levels (size and depth) 

 (ii) Salinity levels 

 (iii) Aquatic life disturbance 

(B) Implications of Climate Change on the 
Management of the Lake Under the following 
anthropogenic factors. 

(i) Siltation 

(ii) Grazing activities and soil compaction 

(iii) Water abstraction 
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Data for the study was collected from the semi-arid 
Baring district. 

Documented rainfall data was collected from the 
KARI Perkerra meteorological station, Nyinyang 
health center and Lake Baringo weather stations. 

Data on Lake levels was collected from: Baringo 
District hydrology Office, District Water engineer’s 
Office and Kenya Marine Research Institute (KMRI) 
in Kampi Samaki. 

Results and discussion 
(i) Lake depth 

Table 1 show that lake Baringo is shallow. It attained 
its maximum depth of only 5m in 1978. The lake 
depth remained below 3m for most of the period 
between 1973 and 1976. 1973 was the end of the 
Sahelian drought (1968-1973), which affected most 
lakes in Africa. The lake depth has been steadily 
declining due to the prolonged drought, which 
commenced in the 1990’s. 

The lake levels i.e. size and depth keep fluctuating 
depending on the amount of rainfall received in the 
region. 

Table 2. summarizes the implications of rainfall 
variation on lake Baringo size and depth between 
1970 and 1995. 

Table 2. Annual rainfall totals and fluctuating lake 
level 1970-1995. 

Year Rainfall (mm) Area (km2) Depth (m) 
1970 650 153 3.7 
1971 740 153 3.8 
1972 530 151 3.0 
1973 410 142 1.6 
1974 700 134 2.2 
1975 730 134 2.3 
1976 450 132 2.2 
1977 1030 129 4.0 
1978 690 129 5.1 
1979 570 143 4.7 
1980 390 143 3.6 
1981 650 144 3.7 
1982 640 147 3.8 
1983 650 147 3.9 
1984 250 142 1.9 
1985 510 144 2.4 
1986 580 132 2.2 
1987 890 138 2.2 
1988 880 138 3.1 
1989 590 141 3.0 
1990 520 130 2.9 
1991 340 130 2.2 
1992 280 128 2.0 
1993 330 118 1.9 
1994 330 112 1.8 
1995 320 112 1.7 

(ii) Evaporation and lake water quantity and 
quality management. 

Evaporation is extremely high ranging between 
2100mm and 2800mm annually. 

Table 3 summarises the relationship between mean 
annual rainfall and Evaporation 1970-1990. 

Table 3. The relationship between mean annual 
rainfall and Evaporation 1970-1990. 

Implications 
i. There is high water deficiency in the Lake 

Baringo Catchment area. 

ii. Most of the rivers which drain into the lake are 
seasonal-leading to fluctuating levels of the 
lake. 

iii. Depth of the lake drops drastically during dry 
seasons because seasonal rivers dry up ( 
Endao, Wesegese, Or Arabel) giving a 
shortage. 

iv. Lake Baringo’s water are risky, unreliable 
source for irrigation agriculture. 

v. High evaporation rates make the water 
alkaline (mild salty) during droughts. 

vi. High evaporation rates in relation to rainfall is 
one of the causes of fluctuating lake levels. 

vii. The Lake water can only be used for irrigation 
during the rainy season. 

viii. The lake Baringo is under recession as rainfall 
and stream flow fall by about 40 milliom m3 
per year short of evaporation (Messny, 1977). 
The short fall lead to annual drawback of lake 
Baringo level by about 270mm  

ix. A rainfall – evaporation balance less than 
50% indicates a water deficiency condition for 
continous stream flow and balanced lake 
levels. 

Year Rainfall mm 
X 

Evaporation (mm) 
X 

1970 650 2500 
1971 740 2400 
1972 530 2350 
1973 410 2600 
1974 700 2300 
1975 730 2100 
1976 450 2400 
1977 1030 2050 
1978 690 2060 
1979 570 2500 
1980 390 2800 
1981 650 2200 
1982 640 2150 
1983 650 2400 
1984 250 2600 
1985 510 2200 
1986 580 2600 
1987 890 2600 
1988 880 2000 
1989 590 2400 
1990 520 2800 

Rainfall-evaporation balance=
Mean annual rainfall × 100

Mean annual evaporation  
Calculated Rainfall evaporation balance=24% 
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Table 4. Drought year in Baringo basins  

Mean annual 607m 

Year Annual rainfall (mm) 
1970 680 
1971 775 
1972 
1973 

558   
Drought corresponding to 
Sahalian  
433 drought 

1974 730 
1975 710 
1976 477  Drought 
1977 1030 
1978 727 
1979 650 
1980 414  Drought 
1981 679 
1982 670 
1983 680 
1984 260    Drought 
1985 716 
1986 
1987 

510  A set of drought 
580 

1988 890 
1989 880 
1990 590  Drought 
1991 650 
1992 
1993 
1994 
1995 

340 
280   Prolonged drought 
330 
330 

Source - Marigat meteorological station 1996. 
Droughts occurred after every 2-3 yrs in the 1970s 
and 1980s. 1990s received prolonged draughts 
exceeding 4 consecutive years. 

 (iii) Siltation 

One important factor leading to rapid recession of 
Lake Baringo in recent years is siltation caused by 
variability in rainfall. The soil in the Baringo 
catchment is very loose with no bedrock for depths 
of between one and two metres. Layers of exposed 
fine sediments are a common feature in the area. 
This makes the catchments area highly vulnerable to 
water erosion. 

The many rivers which flow from the southern 
highlands into the lake such as Molo, Perkerra, 
Chemeron, Endao, Or-Arabel and Wesegese are 
very turbulent during the rainy seasons (April-
August), and they carry along silts, mud, gravels, 
rocks and uprooted trees which are all deposited in 
the Lake. Erosion and siltation in the lake are 
highest during rainy season. 

Approximately 400 tonnes of silt is deposited in the 
lake during every rainy season. 

Siltation has compromised the quality of lake 
Baringo water which is ever muddy and brown in 
appearnce. 

(iv)  River abstraction 

Lake Baringo is endangered because too much of its 
water has in the recent past been abstracted for 
irrigation purposes. There are many illegal 
abstraction of surface water flowing into the lake. 
Many storage reservoirs (dams) have been 
constructed along both perennial and seasonal 
rivers flowing into the lake. This has been done to 
support the many small scale self help irrigation 
projects started in the areas as a strategy for 
copying with frequent droughts (District hydrologist, 
personal communication, 1987). 

It is estimated that the annual average surface inflow 
into the lake from rivers and streams between 1970 
and 1985 was about 2200mm, while the annual 
average inflow between 1990-95 was reduced to 
1150mm (District Hydrologist, 1996). This means 
that about 1050mm of water supposed to reach 
Lake Baringo as surface inflow every year is 
withdrawn and diverted to seasonal irrigation farms. 
Because of the abstractions and diversions, some of 
the rivers do not reach the lake anymore. Leading to 
reduced lake depth and surface area. For example, 
River Molo waters no longer reaches the lake during 
dry season because of too many abstractions along 
its course (Table5). River Mukutani has become 
very small since the establishment of Mukutani 
irrigation scheme in 1989. Its water rarely goes 
beyond the Mukutani scheme. Rivers Chemeron and 
Endao waters reach the lake only when there are 
heavy floods during the rainy season (Fisheries 
Department Report, 1996). All the irrigation projects 
found along seasonal Rivers Chemeron, Endao, 
Mukutaani and Or-Arabel operate during the rainy 
seasons only. 

Implications on management 

The abstracted water for self help irrigation schemes 
are far more than approved by the water engineer, 
this is because the decision of issuing permits for 
water abstraction is made at the central government 
(Nairobi) without consulting the local experts. 

The abstractions on lake Baringo catchments area 
have been done without proper knowledge of the 
lakes water balance and without any assessment of 
the sustained yields of the rivers (District 
Hydrologist, 1996). 

The subsurface outflow to Kapedo hot springs is 
32million m3 per year and this is what keeps the lake 
slightly saline to fresh. 
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Table 5. Surface water abstraction in Baringo Basin. 

River  Dam Name Irrigation Project Location Year when Started 
Chemeron 
 

Chemeron (i) K.V.D.A 
((ii) Losekem 
(iii) Lamalok 

Endao 
Salabani 
Salabani 

1984 
1985 
1986 

Endao 
 

Endao (i) Salabani 
(ii) Endao 

Njemps 
Endao 

1989 
1989 

Wesegese Sandai (i) Sandai Loboi 1988 
Or Arabel Kiserian (i) Kiserian Mukutani 1990 
Mukutani Mukutani (i) Mukutani Mukutani 1989 
Molo Loboi (i) Kapkuikui 

(ii) Kamaskoi 
(iii) Eldume 
(iv) Nyoro 

Loboi 
Loboi 
Eldume 
Loboi 

1985 
1988 
1988 
1989 

Source- Ministry of Agriculture and Ministry of Water Development-Baringo District 1996. 

Aquatic life changes 
Fish Production in Lake Baringo fluctuates between 
dry and wet years. The severe drought of the 1990s 
reduced the production to very low levels. The worst 
decline was during the prolonged drought of 1990 to 
1995, which led to a ban on fishing from the lake 
due to shortage of fish in the waters. The 1967 – 
1972 drought reduced fish catch from the lake by 
83%. 

 Conclusion 
• The study established that Lake Baringo is under 

recession due to variability in rainfall caused by 
climate change. 

• The depth of the lake dropped from 5M in 1978 to 
1.7M in 1995 due to prolonged drought spells 
and water abstraction necessitated by the 
changing climate trends towards drier conditions. 

• The lake has become slightly saline due to high 
evaporation rates caused by high temperatures 
which reach 39ºC. 

• Fish production in the lake dropped by 70% 
between 1978 and 1995 due to reduced lake 
depth and poor water quality. 
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