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PREFACE 
 
The reports in this special series are the result of a multi-country research activities conducted 
under the GEF funded project: Climate Change Impacts on and Adaptation of Agro-
ecological Systems in Africa. The main goal of the project was to develop multipliable 
analytical methods and procedures to assess quantitatively how climate affects current 
agricultural systems in Africa, predict how these systems may be affected in the future by 
climate change under various global warming scenarios, and suggest what role adaptation 
could play. The project has been implemented in 11 countries: Burkina Faso, Cameroon, 
Ghana, Niger and Senegal in west Africa; Egypt in north Africa; Ethiopia and Kenya in east 
Africa and South Africa, Zambia, and Zimbabwe in southern Africa. The study countries 
covered all key agro-climatic zones and farming systems in Africa. This is the first analysis 
of climate impacts and adaptation in the Africa continent of such scale and the first in the 
world to combine cross-country, spatially referenced survey and climatic data for conducting 
this type of analysis. 
 
The analyses reported in this series focus mainly on quantitative assessment of the economic 
impacts of climate change on agriculture and the farming communities in Africa, based on 
both the cross-sectional (Ricardian) method and crop response simulation modeling. The 
cross sectional analysis also allowed for assessing the possible role of adaptation. Moreover, 
the project employed river-basin hydrology modeling to generate additional climate attributes 
for the impact assessment and climate scenario analyses such as surface runoff and 
streamflow for all districts in the study countries. 
 
The Centre for Environmental Economics and policy in Africa (CEEPA) of the University of 
Pretoria coordinated all project activities in close collaboration with many agencies in the 
involved countries, the Agriculture and Rural Development (ARD) Department of the World 
Bank, the World Bank Institute (WBI), the Food and Agriculture Organization (FAO), Yale 
University, the University of Colorado, and the International Water Management Institute 
(IWMI). The project received supplemental funding from TFESSD, Finnish TF, NOAA-
OPG, and CEEPA. We are grateful for the invaluable contributions of all these institutions 
and all individuals involved in this project. All opinions presented in this report series and 
any errors in it are those of the authors and do not represent the opinion of any of the above 
listed agencies. 
 
 
Rashid Hassan, Project Leader   Ar iel Dinar , Project Manager  
CEEPA, University of Pretor ia   ARD, Wor ld Bank
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EXECUTIVE SUMMARY 

In this study the CROPWAT method was used to evaluate the crop water requirements of six 
selected agricultural districts, Kiambu, Makueni, Kwale, Laikipia, Vihiga and Migori, 
distributed across six provinces of Kenya: Central, Eastern, Coast, Rift Valley, Western and 
Nyanza respectively. These districts were selected to reflect the diversity of the country’s 
agro-ecological zones. The objective was also to evaluate the crop water requirements, crop 
responses to climate change/variability, and levels of crop productivity across the different 
agro-ecological zones.  

The results show that an increase in temperature increases the percentage change in crop 
water use. The changes in crop water use from the output of the CCCM scenario were lower 
than those from the GFDL3 for all the districts studied. Within a set of temperature change 
scenarios, changes in rainfall did not appear to change the amount of water used by crops. 
The effect of rainfall changes could, however, be implicit in the demonstrated decrease in the 
amount of irrigation water needed following an increase in the amount of rain.  

Patterns of irrigation water requirement and field water supply deviated from the above 
mentioned trend in response to temperature changes. In general, increasing rainfall by 20% 
from the original long-term mean for each of the two models decreased the irrigation water 
requirement for the crops studied, whereas decreasing rainfall by 20% increased it. This is 
likely to be the case because the increase in rainfall satisfies a greater portion of crop water 
requirement so that less irrigation water is required. In general, field water supply was higher 
during climate change scenarios associated with lower rainfall amounts (-20% of the original 
long-term mean). 
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1. Introduction 

Kenya has a population of approximately 30 million and lies between latitudes 4°N and 4°S 
and longitudes 34°E and 42°E. It has a total land area of approximately 584,000 km2 and it is 
bordered to the south by Tanzania, to the west by Uganda, to the north by Ethiopia, to the 
north-west by Sudan, to the east by Somalia, and to the south-east by the Indian Ocean. Using 
rainfall and evapotranspiration indicators which are key determinants of agricultural 
production, 83% of the land is classified as arid to semi-arid with the rest having a medium to 
high productive potential. The country has climatic and ecological extremes, with altitudes 
varying from sea level to over 5000m in the highlands. The mean annual rainfall ranges from 
less than 250mm in semi-arid and arid areas to more than 2000mm in high potential areas. 
The coast has coral types of soils, the river valleys and plains have alluvial, swampy and 
black cotton soils, the highlands have fertile volcanic soils, and the semi-arid regions have 
shallow and infertile soils. Because of its climatic and soil diversity the country has evolved a 
wide variety of plant genetic resources (Orodho 1998; Machiara 2004)  

Agriculture is very important in Kenya, as 75% of its population depends on it for food and 
income and the sector contributes 26% to the Gross Domestic Product (GDP) and 60% to 
foreign exchange earnings. However, only about one-third of the total land area of Kenya is 
agriculturally productive, including the highlands, coastal plains and the lake region. The 
other two-thirds have low, unreliable and poorly distributed rainfall. These areas are used 
mainly for pastoral farming (Orodho 1998)..  

 

2. Agro-climatic zones, climate and soils in Kenya  

2.1 Agro-climatic zones  

Kenya is divided into seven agro-climatic zones (I to VII) using a moisture index which is 
based on annual rainfall expressed as a percentage of potential evaporation (Sombroek et al. 
1982; Orodho 1998; Machiara 2004) (see Table 1 and Figure 1). 

Agro-climatic zones I–III are classified as medium to high potential productive areas (12% of 
Kenya) with a moisture index of more than 50%, annual rainfall above 1100mm and mean 
annual temperatures below 18oC. Most of the high potential productive areas are located 
above 1200m (see Table 1). Sustainable agricultural production under rainfed conditions is 
only possible in these zones. Agro-climatic zones IV–VII are classified as semi-humid to arid 
(88% of Kenya) and have a moisture index of less than 50%, an annual rainfall of less than 
1100mm and mean annual temperatures ranging from 22oC to 40oC (see Table 1). These 
zones are normally referred to as the Kenyan rangelands and 90% of the land area lies below 
1260m (Orodho 1998; Machiara 2004). These seven zones can be subdivided according to 
mean annual temperature to identify areas suitable for growing each of Kenya’s major food 
and cash crops.  

The country has two rainy seasons, the long rains from March to May and the short rains 
from October to December. The average annual rainfall varies from 150mm to 2700 mm and 
the average potential evaporation from less than 1200mm to 2500 mm, and the average 
annual temperature varies from less than 10°C to 40°C. There are many different rainfall 
distribution types (Sombroek et al. 1982; Orodho 1998; Machiara 2004). 
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The Indian Ocean coast and western Kenya just east of Lake Victoria are relatively wet areas. 
All the mountain ranges have high rainfall but the valleys and basins have dry areas. The 
annual rainfall is on the whole strongly seasonal, with seasonal variations strongest in the dry 
northern and eastern lowlands and weakest in the humid Central and Rift Valley highlands. 

 

2.2 Climate 

Kenya has three main rainfall areas, with different seasonal patterns (see Machiara 2004). 
These are as follows. 

Indian Ocean coastal area 

This area is dry during January and February, after which rainfall gradually increases, 
reaching a maximum in May. It then steadily decreases, although there are still significant 
falls in October and November. Rainfall decreases rapidly during December.  

Eastern, northeastern, southeastern and central areas 

Here there are two rainy seasons, March–May and October–December, separated by a 
minimum (June–September). This is most distinct in the lower areas of eastern Kenya. April 
is usually the rainiest month. However, there have been some record totals in October and 
November (especially during the El Niño rains of 1997/98). The second minimum, January–
February, is again most distinct in the low eastern regions. 

Western Rift Valley and western and Lake Victoria areas 

Here there is no really dry season. Rainfall is high from March to September and low from 
January to February. The central and western areas experience thunderstorms and showers 
during the afternoons. The eastern areas, especially eastward-facing slopes, experience 
prolonged rain and drizzle, frequently during the night. The coastal belt has most of its 
rainfall during the morning but also occasionally experiences prolonged rain. 

The highest temperatures in Kenya are recorded in the northeastern arid regions along the 
Somalia Coast and to the west of Lake Turkana where the minimum at night may be as high 
as 29°C during the rainy seasons. The coldest temperatures are on the mountain tops which 
experience frost above 10,000 feet and permanent snow or ice cover above 16,000 feet (Mt 
Kenya). Throughout the country annual temperature variations are generally small (less than 
5°C). However, day and night temperatures differ considerably, and differences between 
maximum and minimum temperatures vary from 6°C at the coast to 16°C in the highlands. 

 Sunshine is generally high throughout the country except for the eastern-central and southern 
areas, which experience prolonged cloudiness from period June to September. 

 

2.3 Soils 

Kenya’s climate affects soils directly through its weathering effects and indirectly through its 
influence on vegetation. In most parts of the country, soils are deficient in nitrogen (N), 
phosphorous (P) and occasionally potassium (K). In dry areas, where rainfall is low, variable, 
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unreliable and unevenly distributed, the soils have little organic matter. The country has three 
broad regions with different soil types (Orodho 1998):  

Humid regions  

The highland areas over 1500m, with an annual rainfall of over 1000mm, such as the 
highlands east and west of the Rift Valley and the Rift Valley floor, have mainly loamy soils. 
The humid lowlands, with an altitude less than 1500m, for example along the Kenyan coast, 
have well-drained, loamy, sandy clay textured soils. The Taita hills have agriculturally 
productive fertile loamy soils. River valleys such as the Tana and Sabaki valleys have alluvial 
soils (silts). Along the coast are sand dunes, and mangrove swamps with deep, grey, saline 
and poorly drained soils.  

Sub-humid regions (the Lake region and western Kenya)  

These areas, lying between 1000m and 2000m and with rainfall up to 1000mm per year, have 
red clay soils. In the lowlands, at 1000m and above, soils vary greatly. In the higher regions 
there are dark red, fertile and well-drained clays. In the Kavirondo Gulf, soils are sandy loam. 
Along the flood plains of rivers such as the Nyando, Yala, Nzoia and Gucha there are alluvial 
deposits of eroded material from the uplands. On the plains, such as the Yala and Kano, there 
are peat swampy soils and black cotton soils. In the uplands there are volcanic soils and 
fertile peat swampy soils. Soils here are generally productive.  

Semi-arid regions (northern and north-eastern Kenya)  

These regions, with on average 300–500mm of rainfall per year, have shallow and generally 
infertile soils. Areas above 1200m with rainfall of up to 600mm, for example Marsabit, have 
fertile volcanic soils. To the north-east of Horr are black cotton soils which become 
waterlogged when it rains. The areas around Lake Turkana and in northwestern Kenya and to 
the east of Lake Turkana receive less than 250mm of rainfall per year and have soils which 
are not fully developed because of the lack of vegetation or organic matter. Soils along the 
Turkwell and Tana River basins are alluvial.  

 

3. Agr iculture in Kenya 

Agriculture is an important sector in the economy of Kenya in terms of its contribution to 
economic growth, employment and foreign exchange. The sector’s contribution to real GDP, 
although it has seen some decline over the years, is still relatively higher than other sectors. It 
contributed 36.6% to the GDP in the period 1964–1974, 33.2% in 1974–1979, 29.8% in 
1980–1989 and 26.2% in 1990–1995. In spite of these declines in the contribution to GDP, it 
remains the driving force for economic growth, employment generation and foreign exchange 
earnings (Machiara 2004). 

Since 1996, agricultural production has been declining, except for the horticultural sector, 
which has expanded by 48.8%. Maize, the staple food for most Kenyans, fell from 27.3 
million bags in 1998 to 25.0 million bags in 1999 and 73.5 thousand tons had to be imported. 
In the same period, wheat fell from 177.1 to 55.2 thousand tons. Production of coffee rose 
from 53.4 thousand tons in 1997/98 to 68.1 thousand tons during the 1998–1999 period. 
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The climatic factors most affecting crops are the intensity and duration of rainfall, the 
relationship between annual rainfall and potential evapotranspiration, and the year-to-year 
variation in rainfall. The length of the growing season depends partly on rainfall, evaporation 
and temperature, partly on soil factors (mainly how much moisture gets into the soil and is 
retained) and partly on crop factors (the most important being the plant’s rooting and 
maturing characteristics) (Sombroek et al. 1982; Machiara 2004). 

 

3.1 Major  crops  

Machiara (2004) has identified four crops as the major crop farming activities in the country, 
along with horticulture. The following is a brief discussion of each of these. 

Maize  

The most important food crop in Kenya is maize. About 1.4 million hectares are under maize 
and there is not much room for further expansion. Changes in weather conditions cause 
fluctuations and sometimes serious shortfalls. The average maize yield is about five tons/ha 
but this could be increased to about ten tons/ha through increased use of improved seeds, 
fertilizers and good farming techniques.  

Wheat 

The country has the potential to produce the estimated six million bags of wheat needed 
annually for local consumption, but in fact produces only about three million because of 
constraints such as technological packages that favor large-scale farmers, limited credit 
facilities for smallholder farmers, limited land and poor supply of inputs.  

Tea  

Kenya’s current leading export earner is tea, accounting for nearly 20% of total export 
earnings. Yield and quality vary between estates and smallholders, and among smallholders 
to the east and west of the Rift Valley. Smallholders achieve a yield about 58% of that of the 
estates. Increased use of fertilizers and intensive harvesting techniques could enhance 
smallholder yields. 

Sugar cane 

Kenya is not self-sufficient in sugar production. Consumption has increased while local 
production has decreased, necessitating higher levels of imports. It is projected that by 2001 
the demand for sugar will reach 800,000 tons given the current rate of population growth,. 

Horticultural crops 

This sector has continued to perform well and is dominated by about two million small-scale 
growers, about 80% of all producers. The main exports are cut flowers, French beans, garden 
peas, mangos, avocados, processed and fresh pineapples and Asian vegetables. Horticulture 
generates employment and feeds the rural population. However, the sector is constrained by 
poor infrastructure, distance from international airports, inadequate cooling facilities, 
fluctuations in electricity supply and international standards which could restrict access to 
lucrative markets. Other important food crops in Kenya are beans, potatoes, sorghum and 



 10 

millet, and among industrial cash crops are coffee, oil crops, pyrethrum, cashew nuts and bixa 
(a plant used for medicines and dyes). 

 

3.2 Climatic constraints on sustainable agr iculture 

The major challenges to sustainable agricultural production in Kenya are low rainfall and 
poor distribution, especially in the arid and semi-arid lands. In the medium to high potential 
areas the major problems are soil erosion, poor seed quality, poor infrastructure, low soil 
fertility, leaching, low soil water-holding capacity, lack of credit facilities for farmers, 
population pressure on agricultural land and low technical knowledge about agricultural 
production and storage. 

 

4. The study distr icts 

A sample of six agricultural districts, Kiambu, Makueni, Kwale, Laikipia, Vihiga and Migori, 
distributed across the six provinces of Kenya, Central, Eastern, Coast, Rift Valley, Western 
and Nyanza respectively, were selected for the study. These districts were selected to reflect 
the diversity of the country’s agro-ecological zones. The objective was to evaluate crop water 
requirements, levels of crop productivity and crop responses to climate change/variability in 
the different agro-ecological zones. This follows the demonstrated differences in the levels of 
crop productivity in the different zones  

Figure 2 shows the zones and the distribution of some of the districts studied, which represent 
a diversity of climatic, soil and farming systems. These characteristics are presented below. 
Table 2 shows briefly the location of the selected districts. 

 

4.1 Location and topography of the districts 

Kiambu  

Kiambu district is in Central Province. It is located between latitudes 0°75©S and 1°20©S and 
longitudes 36°54©E and 36°85©E and covers an area of 1458.3sqkm. It has three major agro-
ecological zones: high potential, medium and marginal (Table 3). 

This district is divided into four broad topographical regions: the upper highlands, upper 
midlands, lower highlands and lower midlands. The upper highlands, an extension of the 
Aberdare ranges, are found in the Lari division and lie at an altitude of 1800m. They are an 
important catchment area for rivers such as the Bathi and Gatamaiyu. The lower highlands, 
with altitudes ranging from 1500m to 1800m, and characterized by hills, plateaus and high 
level plains, are mostly found in Limuru and parts of the Kikuyu and Githunguri Divisions. The 
upper midlands, lying below 1600m and comprising volcanic footbridges and mid-level 
uplands, cover parts of all divisions in the district except Lari. The lower midlands, comprising 
dry plains, are found in Ndeiya and Karai Locations in Kikuyu Division. 

The middle area, between 2000m and 4800m, consists of the middle part of the Gichugu and 
Ndia divisions. The area is interspersed with open U-shaped valleys and ridges which provide a 



 11 

good possibility for the construction of dams for storing water for domestic use and irrigation. 
The highland area, 4800m to 6800m, includes Mt Kenya Forest. Erosion of the rocks has 
resulted in the formation of steep river banks and high waterfalls.  

Makueni  

Makueni is one of the 12 districts that form the Eastern Province. It covers an area of 
7440sqkm and is bordered by the districts of Kajiado to the west, Taita Taveta to the south, 
Kitui to the east and Machakos to the north. It is a low lying district, from 600m at Tsavo to 
1900m at Kilungu Hills and is drained only by the perennial River Athi and its tributaries the 
Kambu, Kiboko and Mtito-Andei. The agro-ecological zones here are high, medium and lower 
potential (Table 4). 

Kwale 

Kwale is one of the districts of Coast Province. It is Kenya’s southernmost district. It has a 
fairly gentle terrain, flat except in the Shimba hills area which have an elevation of about 200–
300m. The higher areas are very susceptible to erosion because of the sandy soils. The district is 
divided into five ecological zones on the basis of soil type, rainfall and natural agricultural 
potential. These are shown in Table 5. 

Vihiga  

Vihiga is one of the eight districts that comprise Western Province. It lies between longitudes 
34o30©E and 35o0©E and latitudes 0o and 0o15©N. It covers a total land area of 541sqkm 
(54100ha), of which 409sqkm (40900ha) is arable land, and its altitude ranges from 1350m to 
1800m. The topography comprises many rugged hills of old granite rocks and deep mature 
river valleys that empty into lake Victoria. The district has only two agro-ecological zones: 
Upper Midland One (UM1), covering 442sqkm, which is 95% of the district, and Lower 
Midland One (LM1), in the south of the district bordering Nyanza Province, covering 99sqkm 
or 5% of the district. See Table 6. 

Migori  

Migori is located in the Nyanza Province. This district is located between latitudes 0o and 
0o40©S and longitudes 34o50©E. Its total area is 2050sqkm, including the 475sqkm of Lake 
Victoria. It has undulating hills and plains and ranges in altitude from 1135m in the Muhuru, 
Nyatike and Karungu divisions to 1700m. It has six agro-ecological zones, shown in Table 7. 

Laikipia  

Laikipia is situated between longitudes 36o14© and 37o27©E and latitudes 0o17©S south and 0o45©N 
and covering an area of 9723sqkm. It is one of the 14 districts of the Rift Valley province. It is 
bordered by the Samburu district to the north, Nyeri to the south, Isiolo to the north-east and 
Meru to the south-east. It consists of a level plateau bounded by the Rift Valley to the west and 
the Aberdares range and Mt Kenya massifs to the south. Its altitudes vary from 1800m in the 
north to 2100m in the south, with a maximum altitude of 2600m in the Marmanet forest. It has 
four agro-ecological zones. as shown in Table 8. The first two zones (LH 4 and LH 5) are 
classified as high potential land and make up 17,006ha. Most of this area is found in the 
Rumuruti and Nga’rua divisions. The medium potential, classified as UM 5, consists of 9.8% of 
the total district area.  
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4.2 Crop production in the districts 

Kiambu  

Land is optimally used in this district except in Ndeiya and Karai Locations where 
experimentation on oilseeds is under way. Of the total area, 97% is arable, of which 90% is 
under smallholdings. Population pressure and lack of appropriate methods of soil conservation 
have caused land degradation. The district’s total farming area is about 1025sqkm and it has 
96,938 farming households. The main food crops here are maize, beans, bananas and Irish 
potatoes, and the main cash crops are tea, coffee, horticultural crops and pyrethrum.  

Makueni  

Crop farming here is mainly for subsistence purposes. The main food crops are maize, beans, 
pigeon pea and cowpea, and the main cash crops are cotton, in the lowlands, and coffee, in the 
highlands. Irrigated horticultural crops, mainly tomatoes, kale, onions, beans, brinjals 
(aubergines) and okra, are grown here mainly for domestic consumption, though the surplus is 
exported. The Kyulu Hills along the southwestern border in Kibwezi Division support coffee, 
horticulture, livestock production and afforestation.  

Kwale  

Farming here is predominantly subsistence, about 85%. The main food crops are maize, rice 
sorghum, beans, cowpea, green grams (a variety of lentil), cassava and sweet potatoes, and cash 
crops are citrus, coconuts, cashew nuts, bixa (a plant used for dyes, cosmetics and medicine) and 
mangos. Surpluses of food crops may also be sold for cash. The commercial farmers, most of 
whom use boreholes and wells to irrigate, concentrate more on horticultural products such as 
capsicums, melons, kale, tomatoes and brinjals. 

Vihiga  

Here the main food crops are maize, beans, sorghum, finger millet, Irish potatoes, sweet 
potatoes, cassava and vegetables, and the main industrial ones are coffee, tea and sugar cane. 
The fruit crops are bananas, pawpaws, mangos, avocados, passion fruit and pineapples. French 
beans and pawpaws are mainly grown as cash crops. The major intercrops are maize and beans, 
sorghum and maize, sorghum and finger millet, and bananas and vegetables. 

Migori  

Most of this area is farmed by smallholders (174,700ha) and a very small portion is under 
large farms (2400ha). Of this district, 70% is arable land but only 40% is exploited. The 
unexploited land could be used to grow cereal crops such as maize and cash crops such as 
tobacco and coffee. Large areas of Nyatike Division and Central Division have not been fully 
used. This land could be used to grow cotton, groundnuts, finger millet, sorghum and sisal.  

Laikipia 

The main food crops in this district are maize, potatoes, tomatoes, beans, peas and onions, and 
the cash crops are wheat, barley, oats, and silage crops. 
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4.3 Climate in the selected districts 

Kiambu  

Kiambu, in the highlands, has a tropical climate, being near the equator. Its rainfall distribution 
is influenced by altitude because the leeward side of the escarpment receives less rain than the 
windward side. It has two rainfall seasons, the long rains from March to May and short rains 
from October to November. The annual average rainfall varies from 845mm in Ruiru, at 
1555m, to 1373mm at Kereita forest, at 2438m. 

Makueni  

The average annual rainfall is slightly over 1000mm on the hills, received in two seasons. 
Distribution varies across the district. The long rains are from March to April and the short 
rains from November to December. The hill areas receive 800–1200mm rainfall per year while 
the low areas receive 200–900mm. Temperatures are high during the day and low at night. 
During the dry season of May and October there is extreme heat in the low areas. 

Kwale  

This district has two rainy seasons, with the long rains, which last five months, being more 
reliable than the short ones, which last three months. The coastal lowland zone CL2 has the 
highest average annual rainfall (1400 mm) while zone CL has 450 mm. January to March is very 
dry here. 

Vihiga  

This district is in an almost permanent rain belt. The mean annual rainfall is between 1800mm 
and 2000mm per annum, with long rains from February to June with a peak in April/May and 
short rains from July to November with a peak in August/September. Consequently there are 
two cropping seasons with a cropping calendar closely following the rainfall pattern. The 
rainfall has 80% reliability and is adequately distributed throughout the year. The mean annual 
temperature range is 18oC to 20.1oC. 

Migori  

Rainfall here varies from 700mm to 1800mm annually with the long rains from March to May 
and short rains from October to November. The climate is of a mild inland equatorial type 
modified by relief, altitude and proximity to the lake. 

Laikipia 

The Laikipia plateau is a tropical highland with annual rainfall between 400mm and 750mm. 
The long rains are from March to May and the short rains from October to November.  
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4.4 Dominant soil types and soil characteristics 

Kiambu  

This district has three broad categories of soil: on the high level uplands, on the volcanic foot 
ridges and on the plateaus. The soils on the high level uplands developed from volcanic rocks 
and are generally well drained and very deep, and are red or dark reddish brown or grey silt 
clay loams. These are found in the Lari division and are of high fertility, and they are also 
found in the forest zone. Soils on the volcanic foot ridges are of moderate to high fertility and 
are found in parts of the Lari, Githunguri, Kiambaa, Kikuyu and Limuru divisions. They are 
well drained, extremely deep, grey or red or dark brown friable clays. Soils on the plateaus are 
found in the western part of the district, in Ndeiya and Karai, which are semi-arid. They are of 
variable fertility and are either sandy or clay loams which are poorly drained. 

Makueni  

There are three main soil types in this district. Red clay soils occur in the hill masses and some 
parts of the lowland and form the agro-ecological zone UM4. Sandy soils are mainly in the 
central parts of the district, which include Wote and Kathonzweni divisions. Black cotton soils 
are found in the southern divisions of Kibwezi, Makindu, Mutito Andei and some parts of 
Kilome and form the agro-ecological zone LM2. The UM6 and LM5 zones are covered by red 
clay soils and black cotton soils. There are also black soils in LM4. 

Kwale  

The soils of this district are predominantly sandy, low in organic matter, and susceptible to 
erosion.  

Vihiga  

This district has two main soil types: (a) dystric acrisols – dark brown friable loamy sands and 
(b) humic nitosols and ferrasols – yellow red loamy sands. The acrisols are found in many parts 
of the district while the nitosols and ferrasols are found around the southern parts of Tiriki West 
Division and Mungoma location of Vihiga Division. Both these soils developed from volcanic 
and basement complex rocks. The pH is from slightly acidic to alkaline. They are generally 
deep, though shallow in the southern Tiriki West division. A major limitation to land use in the 
district is phosphorus (P2O5) deficiency and the hilly-rocky terrain. 

Migori  

This district has both volcanic and black cotton soils that are generally suitable for crops. On 
the lighter sandy soils, elements have been lost through leaching. Soil nutrient status in the 
district is inherently good. In some parts of the district there is a high proportion of shallow 
soils (gravel or clay pans close to the surface) or badly drained soil (heavy black clays mainly 
in river valleys). These soils are generally unsuited to crops but provide valuable grazing.  

On the hill slopes, the soils are moderately fertile firm clay sandy clay loams and clay. The 
western part hill slopes have soils of sandier texture. On the uplands, a variety of soils occur. 
In some places there are deep topsoils rich in organic matter, and less fertile soils are found in 
the southern part of the district. Along the eastern and southern district boundaries are soils of 
a fairly high natural fertility. The lower middle-level uplands have a variety of soils: friable 
clay, gravel sandy, clay loam, top clay loam.  
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Laikipia  

The three main soils found in this district are the red-brown fertile luvisols, found on the foot 
hills north-west of Mt. Kenya, which are very suitable for forest and crop production and are 
easy to work; the dark brown Phaeozems, which are isolated on the low ridges of the plateau 
and are not suitable for crops unless irrigated; and the vertisols and planosols, which are 
concentrated in the depressions of the plateau. Two-thirds of the district has moderately 
fertile soils, but the southern low lying plateau has less agriculturally productive clay soils 
and this area is used for ranching.  

 

4.5 Crops studied 

Information in this section has been taken from: ISAAA (2001) (bananas); CIAT (2001) 
(beans); Ballestrem, (no date) and (Rhoades et al. 2003) (potatoes); Kyamanywa (1996) 
(cowpea); Rachie & Wurster, (no date) (pigeon pea); INPHO (1998) (sweet potatoes), Harris 
(no date) and SHEL UGA (2003) (groundnuts); KARI (1997) (sorghum); Chege (2005) 
(sugar cane); KARI (1997) (millet). 

Bananas 

‘Banana covers an estimated 2% of the country©s total arable land (approximately 74,000 
hectares). A substantial part (24%) is grown on subsistence basis predominantly by small-
scale farmers with an average land holdings of 0.3 hectares. Different varieties of the crop are 
grown widely in the country, from sea level to around 1800 meters, especially in areas of 
greatest rainfall, with the main centers being Nyanza, Central, Eastern, and Western 
Provinces. Nyanza and Western Provinces are noted for the East Africa highland cooking 
bananas (AAA) and the Apple Banana (AB) while the dessert bananas, mainly Cavendish 
(AAA), predominate in the Central and Eastern areas. Under optimum conditions, banana can 
outperform many other crops in terms of yield per hectare. It is also suitable for intercropping 
and provides soil stability and shelter for other plants, and thus a valuable crop for 
environmental conservation’  (ISAA 2001). 

Beans 

‘Besides being a major source of dietary protein, common beans are a major cash earner for 
small farmers in Africa. The case of Kenya, a traditional bean producer and Africa’s largest 
consumer of the crop, illustrates both the challenges and potential for progress. Bean yields in 
the country’s western region plummeted to crisis levels in 1993. The following year, 70 
percent of farmers abandoned bush beans altogether during the long rains (March to August). 
Researchers found multiple causes of the problem – widespread root rots, declining soil 
fertility, and infestation by bean stem maggots. They then introduced farmers to root rot –
resistant bush and climbing beans as well as soil improvement methods, such as the use of 
green manures that help the crop resist root rots. In 1996 all farmers who had received seed 
for testing were growing at least three varieties. The gross economic benefit of Kenya’s 1999 
production gains from the new bean varieties has been estimated at US$5.4 million’  (CIAT 
2001). 
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Maize 

In Kenya, there are varieties of maize for each of the different parts of the country. At 
medium elevations, around 1500m, for example Embu and Kitale, hybrids are grown. A 
special variety called Katumani has been developed that ripens very quickly on little rainfall. 
It needs as little as 300mm if the rain falls in the growing season. This variety can be grown 
in the dry lowland areas of eastern Kenya.  

Potatoes 

‘There are approximately 25,000 to 30,000 hectares grown annually under potatoes. There 
has been a slight increase in the crop production, mainly due to the growth in population but 
also to a diversification of crops in growing areas with favorable climatic conditions where 
maize has been the main crop. Despite some disease problems, Kenya can be classified as a 
potato growing country with a high potential.  

The most favorable climatic conditions are found in areas with a yearly rainfall of between 
850 mm and 1200 mm, at altitudes between 1500 m and 2800 m above sea level. These areas 
are situated mainly in the Central, Rift Valley and Eastern provinces of Kenya.  

Most of the potato crop is currently grown on a subsistence basis. The average yield achieved 
by the small-scale farmer is approximately 6 to 7 tons per hectare. Large-scale farmers 
generally achieve higher yields, approximately 10 to 14 tons per hectare. Efficient husbandry 
and the use of improved planting material could increase average yields to 16–20 tons per 
hectare since yields of up to 40 tons per hectare have already been achieved’  (Ballestrem, 
undated). 

‘Potato growing seasons are largely determined by rainfall patterns. All the major potato 
areas in Kenya have two basic plantings seasons, April and October. In the Rift Valley 
Province, including Molo and Nakuru, planting can also occur in July/ August (Kimego 
1985). A study of six potato growing areas also suggests that most farmers plant around the 
onset of the rainy seasons, although in all districts except Meru at least some plantings 
occurred in 11 to 12 months of the year. In Meru 49% of reported plantings occurred in 
February/March and 49% in September/October. Major harvest seasons in most areas are 
December through February and June/July (Durr &  Lorenzl 1980)’  (Rhoades et al. 2003). 

Cowpea 

‘Cowpea is the most important grain legume in the coastal province of Kenya. The coast 
province is the second largest producer of cowpea in Kenya after Eastern Province (Khaemba 
1980). In these provinces, cowpea is a major source of dietary protein, especially for the rural 
and urban poor.  

The yield of cowpea in Kenya, and in the coast province in particular, is extremely low 
ranging from 150kg/ha to 500 kg/ha compared to a yield potential of over 1500 kg/ha 
reported from experimental stations (Khamala 1978; Pathak & Olela 1986; Alghali 1992). It 
is now generally agreed that the major cause of low yields in cowpea is damage due to insect 
pests’  (Kyamanywa 1996). 
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Pigeon pea 

In the semi-arid districts of the Eastern Province of Kenya, pigeon pea is an important crop 
and the production accounts for more than 90% of the national total. The crop is consumed 
both in fresh form and as dried grain, and also is used as fodder for livestock. 

The pigeon pea is a member of the Leguminosae and is not often considered to be a 
horticultural crop. Pigeon pea is, nevertheless, one of the fastest growing cash crops for 
canning and, in 1968, in the Eastern Region of Kenya it ranked sixth in value after coffee, 
vegetables, chat (known locally as miraa, which is a bush tree the leaves of which are chewed 
as a stimulant – Catha edulis), beans and maize. In terms of value per hectare to the farmer, 
pigeon pea ranked fifth after onions, vegetables, potatoes and chillies, but production costs 
are considerably lower than they are for other vegetables (Rachie & Wurster, undated). 

Sweet potatoes 

‘Sweet potato is an important secondary food crop for many Kenyans whose staple diet is 
based on cereals, particularly maize (Gakonyo 1993). Previous work done by Mutuura et al. 
(1992) established that sweet potato is an important food security crop when maize is in short 
supply or in years of drought. Its cultivation in many parts of the country is enhanced by the 
ability to adapt to a wide range of climatic conditions including the marginal areas.  

In addition, the ability of sweet potato to establish ground cover very fast enables suppression 
of weeds such as striga, control of soil erosion and maintenance of soil fertility. Therefore it 
is an attractive crop for Kenya’s farming systems.  

In Kenya sweet potato growing is mainly concentrated in western Kenya (including 
Kakamega, Bungoma, Busia former Homa Bay, Rachuonyo and Kisii districts). It is also 
grown to a small extent at the coast and in Central Province.  

There has been a steady increase in the area planted with sweet potato from about 55,000 
hectares in 1988 to about 65,000 hectares in 1996 (FAO 1997). Average yields are about 10 
tons per hectare. Cultivation of some of the newly introduced varieties currently under testing 
by CIP/KARI could lead to higher yields. Average per capita consumption of sweet potato is 
about 24 kg per year with higher proportions consumed in the western parts of Kenya (Scott 
& Ewell 1992)’  (INPHO 1998).  

Groundnuts 

‘Groundnut is an important multi-purpose legume and is grown throughout the tropics and 
sub-tropics for oil, confectionary and as a subsistence crop. Although poor crop establishment 
under rainfed conditions is often a constraint, particularly for resource-poor farmers, 
researchers have only recently begun to look at the effects of seed priming on performance’  
(Harris, undated). 

In Kenya groundnuts are grown by smallholding farmers and are mainly used as a food crop 
and consumed directly. Because groundnut is both a food and a cash crop, large quantities are 
sold in informal markets. As a cash crop it gives relatively high returns for a limited land 
area. It is well adapted to the hot semi-arid conditions in the regions where it is grown. 
‘Groundnuts are generally grown as intercrops with cereals or cassava. It is grown usually as 
a crop of secondary importance. Groundnuts are usually grown without application of 
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fertilizers. Farmers grow groundnuts of flat seedbeds, on the tops of ridges, or on the lower 
sides of ridges’  (SHEL UGA 2003). 

Sorghum 

‘Sorghum helps provide better food security areas of Kenya where rainfall is limited, there is 
a growing recognition that sorghum has great advantage in providing for food security. 
Sorghum is indigenous to Kenya, but it lost favor with farmers when maize became the 
preferred food crop. Now, sorghum is becoming a suitable alternative in many places where 
maize fails.  

In Machakos District, which was hit by the drought of 1996, those who planted sorghum 
harvested a relatively better crop and fared better than many of their neighbors who planted 
maize.  

A sorghum variety developed by the Kenya Agricultural Research Institute called 
KARI/Mtama-1 is quite popular among farmers. The variety was released in 1994 and has 
been widely accepted in the country. Farmers say it has a sweet taste and can be used for 
ugali (a moderately hard paste of maize flour), uji (porridge) and other food products. It can 
also be blended with wheat flour to make bread and Chapattis, and with the brown-seed 
varieties such as Seredo (also bred by KARI and recommended for wetter areas) to make 
ugali and uji.  

A leading bakery in Baringo District, Makatiat Ltd, collaborates closely with KARI in the use 
of KARI/Matama-1 for making bread (15% sorghum flour and 85% wheat flour), cakes and 
biscuits (50% sorghum flour and 50% wheat flour). In Western Kenya and Nyanza, sorghum 
is also used extensively as a poultry feed. Farmers have observed that local chickens in the 
area lay more eggs when they are fed on sorghum. Sorghum ugali is cherished here, 
especially when it is mixed with cassava flour’  (Kari 1997). 

Sugar cane 

In Kenya, sugar cane is grown in fairly flat regions, which include Muhoroni and Chemelil in 
Nyanza, Mumias in Western and Ramisi in the Coast Province. Local needs for sugar are met 
promptly and sugar is also available for export. Sugar cane is grown by planting cuttings of 
mature cane stalk in shallow furrows spaced five feet apart.  

‘Today, sugarcane is grown mainly in four districts of western Kenya: Nyando, South 
Nyanza, Mumias and Busia. The area under cane is currently over 120,000 hectares, annually 
producing 400,000–500,000 tonnes. Almost half of this is produced on smallholdings whilst 
the remainder comes from large plantations. 

Domestic demand for sugar is 600,000 tonnes, which leaves a deficit of up to 200,000 tonnes 
that is met by imports from regional sugar producers. In East Africa, sugar production is high. 
Tanzania, Mauritius and Sudan are the key competitors with Kenya, and new producers like 
Uganda and Malawi are now challenging the country©s fragile sugar industry. In addition, 
increased regional trade and the opening up of borders to allow sugar imports from both the 
East African Community and the Common Market for Eastern and Southern Africa 
(COMESA) have hurt Kenyan sugar producers’  (Chege 2005). 
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Millet 

‘Finger millet, a crop that has long been grown in Africa, is making a strong comeback in 
Kenya. Finger millet is in high demand in Kenya. It is good for infant feeding, special dishes 
for the sick and for special purposes among some people. It, therefore, fetches a good price in 
the market. The crop is mainly grown in Western, Nyanza, Rift Valley Provinces. 

Its ability to grow under conditions of limited rainfall makes it a good addition to the list of 
crops that can improve food security in the country. Demand for finger millet seed was high 
for the 1996 planting seasons. A Kenya Seed Company store in Kakamega sold several times 
what it did a year earlier. Some farmers turn to finger millet because of the previous year©s 
poor maize crop.  

Finger millet has received increased attention from KARI scientists. For example, at KARI’s 
Kakamega regional Research Centre, finger millet breeding is a major programme, more than 
3000 lines from various sources have been screened at the Centre. From these selections, 
KARI has released several varieties, including the popular P224 and KAT/FM-1, to Kenya 
Seed Company for multiplication.  

Like sorghum, finger millet often grows and yields satisfactorily where maize fails. Although 
grown to a lesser extent than sorghum, finger millet is quite nutritious and high in calcium. It 
is being tried as baby food, and even upper-income families are adopting it. Finger millet 
flour is becoming quite popular countrywide. As such researchers are also working to 
develop better varieties of Pearl Millet, which has the advantage of maturing early, thus often 
escaping dry periods’  (KARI 1997). 

Wheat 

Wheat in Kenya is grown on large mixed farms. The largest wheat growing area extends from 
Trans Nzoia, through Elgeyo, to Uasin Gishu and Marakwet Districts. The yield in this area is 
usually low because the soils are not very fertile. Eldoret, Londiani, Molo and Nakuru are the 
most important wheat growing areas; here the soils are deep and fertile. The yield is very 
high compared with other parts of Kenya, usually 38 bags per hectare. Where the soils are 
fertile, the farmer grows wheat for four years and leaves the field under grass for three years. 
In areas where soils are poor, the farmers grow wheat for only three years and leave the fields 
under grass for four years. This helps improve the fertility of the soil. 

The wheat is usually planted in April or early May. It is then harvested at the end of 
September using a combine harvester. After harvesting, the grain is dried and transported to 
Nakuru for storage. Between Mau Narok and Narok, there are about 120,000 hectares 
suitable for wheat growing. This is a very fertile area and receives enough rain for wheat 
growing. Most of the wheat is not grown by the Maasai themselves. They allow other people 
to come and grow wheat on their land. When wheat is sold, these people pay the owners of 
the land some money.  
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5. Estimating crop water  use and productivity 

Quantifying the crop water requirement for these six districts in Kenya can help inform the 
country’s policy makers and planners at both district and national levels about the most 
effective way to use the limited water resources so as to enhance food security and economic 
growth. Most crops in Kenya are rainfed and only a minute proportion of the farming 
community irrigates. Farmers therefore need information to help them use rainwater 
effectively, for example by matching their crops’  growth stages with the timing of the rains. 

Another reason for evaluating crop water is that now, increasingly, there are competing 
demands for water from pockets of farmers engaged in flower farming, the urban population, 
the construction industry, and livestock. Efforts must therefore be made to increase crop 
production while using less water, so as to meet the increasing demand for food by the 
rapidly expanding population. 

Irrigation supplements rainfall to be able to satisfy the seasonal needs of the crops to attain 
the required yields, especially in periods of limited rainfall. However, over-irrigating can 
reduce yields by (i) reducing soil aeration, thus reducing water and nutrient uptake, (ii) 
increasing nitrogen leaching and de-nitrification, which reduces plant nitrogen availability, 
and (iii) increasing disease problems caused by excessively wet soils, which affects plant 
growth adversely. Proper irrigation scheduling can increase the marketable yield and quality 
while reducing production costs by conserving water and energy, reducing the need for 
nitrogen based fertilizer, and reducing the environmental impact. The amount of irrigation 
also depends on the useful rainfall, the soil’s water holding capacity and the crop water need. 
Useful rainfall is that portion of the rain which is stored in the soil root zone (rainfall less 
surface runoff, minus deep percolation). 

This study uses the guidelines and methodologies from the FAO Land and Water 
Development Division on crop water management at the farm level to predict crop yields 
based on the actual crop water use (ETa) and maximum crop water requirements (ETm) 
(FAO 1998). 

 

5.1 Determination of crop water requirements 

Estimation of the crop water requirement is derived from crop evapotranspiration (crop water 
use) which is the product of the reference evapotranspiration (ETo) and the crop coefficient 
(Kc) (see Equations 1 and 2). The reference evapotranspiration (ETo) is estimated based on 
the FAO Penman-Monteith method, using climatic data (FAO, 1977; 1998). This and the 
following section draw heavily on FAO (2006). 

 

ETcrop = Kc × ETo          (1) 

 

where:  
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ETcrop = Crop Evapotranspiration 

 Kc = Crop Coefficient 

 ETo = Reference Evapotranspiration 

ETcrop in Equation (1) is computed from crops grown under optimal management and 
environmental conditions. However, given that in most instances crops are not under optimal 
conditions the ETcrop in this paper is calculated by using a water stress coefficient or by 
adjusting Kc for different stress and environmental constraints (Equation 2). 

ETa = Ks × ETcrop          (2) 

 

where:  

ETa = ETcrop actual = Actual Crop Evapotranspiration 

 Ks = Water stress coefficient 

 

5.2 Crop yield response to water 

A deficiency in the full water requirement (or water stress) leads to lower crop yields. The 
effect of this deficiency on yield is estimated by relating the relative yield decrease to the 
relative evapotranspiration deficit through a yield response factor (Ky) (FAO 1979): 
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where: 

Ya = Actual yield 

Ym = Maximum/potential yield 

Ky = Yield response factor 

ETm = Maximum/potential evapotranspiration. ETm = ETcrop  
1-Ya/Ymax = the fractional yield reduction as a result of the decrease in evaporation rate (1 - 
ETa/ETm) 

Combining equations (1) and (2) one can solve for the water stress factor (Ks) as follows:  
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5.3. The CROPWAT analysis 

CROPWAT is a computer program that uses the FAO Penman-Monteith model to calculate 
reference evapotranspiration (ETo), crop water requirements (ETm) and crop irrigation 
requirements (FAO 1992). The program allows for the development of irrigation schedules 
under various management and water supply conditions and to evaluate rainfed production, 
drought effects and efficiency of irrigation practices (FAO 2002).  

 

5.3.1 Data requirements for CROPWAT (based on FAO 2003 and FAO 2006) 

Four main datasets are used as inputs in the CROPWAT estimation: climatic, crop, soil and 
irrigation. Climatic and crop data are obtained from the FAO CLIMWAT database (FAO 
1993, 2003). The climatic data are maximum and minimum temperatures (oC), mean daily 
relative humidity (in %), daily sunshine (in hours), wind speed and rainfall. The crop 
parameters include: water stress coefficient (Ks), length of the growing season, critical 
depletion level, and yield response factor (Ky). The soil data include total available soil water 
content and the maximum infiltration rate for runoff estimates in addition to the initial soil 
water content at the start of the season (see FAO 1998; 2003). 

Assessment of ‘ the impact on yield of various levels of water supply is simulated by setting 
the dates and the application depths of the water from rain or irrigation. Through the soil 
moisture content and evapotranspiration rates, the soil water balance is determined on a daily 
basis. Output tables enable the assessment of the effects on yield reduction, for the various 
growth stages and efficiencies in water supply’  (FAO 2003). 

 

6. Empir ical results of simulated crop water  requirements 

An investigation of the crop water requirements in six districts of Kenya covering five major 
crops grown in each of the district was undertaken. Despite the fact that the bulk of Kenya’s 
agriculture is rainfed, an attempt was made to assess the irrigation water requirements of the 
crops in the respective districts. This was as a result of the desperate attempts some farmers 
across the country make to use the water resources at their disposal to grow crops, especially 
the high value market horticultural crops. The following are the findings of this study for 
each of the districts that were selected for CROPWAT analysis. 

Kiambu  

The major crops considered in the Kiambu district were banana, dry beans, maize, Irish 
potato and cabbages. Table 9 shows that the reference evapotranspiration (ETo) values varied 
greatly among these crops. The highest value of reference evapotranspiration was noted for 
banana (927.9mm). Dry beans had the lowest value (419mm). Maize, potato and cabbage had 
492.4mm, 495.5mm and 455mm respectively. The maximum/potential evapotranspiration or 
potential crop water requirement (ETcrop or ETm) values for the crops followed a similar 
pattern with values of 807.3mm, 264mm, 329.9mm, 396.4mm and 409.5mm for banana, 
beans, maize, potato and cabbage respectively.  
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The actual crop evapotranspiration values for the five crops were 281.1mm, 127.1mm, 
132.6mm, 246.6mm and 476.7mm for banana, beans, maize, potato and cabbage respectively. 
The irrigation water requirement for banana was highest (99.1mm) and lowest for beans 
(32.2mm). The values for the rest of the crops were 39.9mm, 35.7mm and 70.3mm for maize, 
potato and cabbage respectively. This shows that there is more demand for soil moisture by 
banana and cabbage than by the three crops which had comparable irrigation water 
requirements. 

Makueni 

Table 10 presents the findings of the analysis for the Makueni district, where the five crops 
considered were dry beans, cowpea, mango, maize and pigeon pea. The reference 
evapotranspiration figures obtained for these crops varied greatly: 463mm, 458.2mm, 
1618.9mm, 565mm and 456.1 for beans, cowpea, mango, maize and pigeon pea respectively.  

The maximum/potential evapotranspiration figures for the above crops were 291.7mm, 
288.7mm, 1570.3mm, 378.6mm and 287.3mm for beans, cowpea, mango, maize and pigeon 
pea respectively. This indicates that mango abstracts the largest quantity of soil water. This 
observation is further supported by the corresponding highest amount of irrigation water 
requirement for the mango crop. Maize ranks second in terms of maximum/potential 
evapotranspiration values and consequently of irrigation water requirements. The lowest 
value of potential evapotranspiration was that of pigeon pea (287.3mm). The lowest value of 
irrigation water requirement was, however, observed for dry beans. The irrigation water 
requirements for the rest of the crops were 43.9, 59.2, 69.6, 65.4 and 54.5 for beans, cowpea, 
mango, maize and pigeon pea respectively. Cowpea indicated the highest amount of field 
water supply of 0.09l/s/ha whereas the lowest amount was given by mango (0.03l/s/ha). 
Beans, maize and pigeon pea gave rise to 0.07l/s/ha, 0.08l/s/ha and 0.08l/s/ha. As seen from 
the table, the results for maize and pigeon pea indicated similar amounts of field water 
supply.  

Kwale  

The crops covered in the Kwale district were dry beans, sweet pepper, cowpea, maize and 
banana. Table 11 summarizes the findings for this district arising from the CROPWAT 
analysis. The perennial banana crop indicated the highest value of reference 
evapotranspiration (1309.3mm) and the bean crop the lowest (509mm). Maize, pepper and 
cowpea gave 662.8mm, 640.7mm and 509.8mm respectively. The value for cowpea was 
marginally higher than that for beans. The potential evapotranspiration values for the above 
crops were similar to those for maximum evapotranspiration. 

The actual crop water use values for these crops were: banana (295.3mm), sweet pepper 
(94.4mm), beans (94.4mm), cowpea (85.8mm) and maize (133.7mm). The highest amount 
was recorded by banana and the lowest by pepper. Sweet pepper recorded the highest amount 
of irrigation water requirement (90.6) with a corresponding field water supply of 0.12l/s/ha. 
On the other hand, beans recorded the lowest (19.2), with a corresponding field water supply 
of 0.03l/s/ha. Maize and banana had the same irrigation water requirements (i.e. 61.3) but 
differed in terms of field water supply. Maize had a higher field water supply (0.08l/s/ha) 
than banana (0.03l/s/ha). This shows that maize is more sensitive to water stress than banana 
and hence more irrigation water is needed to satisfy the evaporative demand. 
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Vihiga 

The crops considered in the Vihiga district were banana, dry beans, maize, groundnut and 
sweet potato. The findings for these crops are presented in Table 12. Reference 
evapotranspiration was highest for banana (942.8mm) and lowest for dry beans (413.3mm). 
The remaining crops of this district ranked in the following order: maize, groundnut and 
sweet potato, with their values being 495mm, 491mm and 458mm respectively. 

Potential evapotranspiration followed a similar trend, with values of 820.3mm, 260.5mm, 
331.7mm, 353.7mm and 366.4mm for banana, beans, maize, groundnut and sweet potato 
respectively. The pattern of actual crop water requirement showed a marked shift from the 
above trend. Groundnut had the highest amount (448.2mm) and beans the lowest (120mm). 
Banana ranked second highest (293mm), followed by sweet potatoes (214.1mm) and maize 
(137.3mm). The length of the crop growing period appears to dictate the amount of actual 
crop water use, since the lengths of the growing periods vary in a similar manner. 

Banana had the highest irrigation water requirement (9), followed by maize (3.8), beans (2), 
sweet potato (0.2) and finally groundnut, which did not indicate any requirement for 
irrigation water under the climatic farming conditions of Vihiga district. Overall, the 
irrigation water requirements for the crops of this district were generally small. This is 
reflected by the negligible field water supplies for these crops. The only crop that indicated a 
field water value was banana, with a low field water supply rate of 0.01l/s/ha.  

Migori 

The crops studied in this district were dry beans, groundnuts, maize, sorghum and sugar cane. 
Table 13 shows the outcomes from the CROPWAT analysis. The perennial sugar cane had 
the highest reference evaporation value (1629.6mm) and dry beans the lowest (493.9mm). In 
decreasing order, reference evapotranspiration for the rest of the crops was groundnut 
(526.7mm), maize (588.3mm) and sorghum (526.7mm). 

Potential crop evapotranspiration values followed the same pattern as those for maximum 
evapotranspiration. Sugar cane recorded the highest (765.9mm), followed by groundnut 
(437.9mm), maize (394.1mm), beans (355.6mm) and sorghum (326.5mm). A similar trend 
was noted for the actual crop water use figures. Sugar cane had the highest (568.6mm) and 
sorghum the lowest (98.2mm). The rest of the crops fared as follows: beans (218.1mm), 
groundnut (4.1mm) and maize (211.3mm).  

The irrigation water requirement figures were highest for sugar cane (206.1) and lowest for 
sorghum (8.4). Maize, beans and groundnut registered 25.9, 15.7 and 17.2 respectively. The 
field water supply was again highest for sugar cane (0.09l/s/ha). Sorghum had the lowest field 
water requirement (0.01l/s/ha). Maize had a field water requirement value of 0.03l/s/ha. 
Beans and groundnut had the same field water supply value at 0.02l/s/ha each. 

Laikipia 

The crops studied in this district were dry beans, maize, millet, Irish potatoes and wheat. The 
results of the CROPWAT analysis for this district are presented in Table 14. The crops in this 
district showed a unique pattern in their values of reference evapotranspiration. Except for 
beans and maize, the rest of the crops gave reference evapotranspiration values of 460.4mm. 
Maize and beans recorded 476.2mm and 396.9mm respectively. The potential crop 



 25 

evapotranspiration figures, however, varied greatly. The highest value was for potatoes 
(368.4mm) and the lowest for millet (244mm). Wheat had a value of 267.1mm, whereas 
maize and beans had 319mm and 250.1mm respectively. 

The pattern of actual crop water use followed the same trend as that of crop 
evapotranspiration. Potatoes had the highest value (230.2mm) and millet the lowest 
(116.6mm). Wheat, maize and beans gave actual crop water use figures of 144.2mm, 
128.5mm and 117mm respectively. Maize indicated no irrigation water requirement. For the 
rest of the crops, wheat had the highest irrigation water requirement (58.1) and millet the 
lowest (4.9). Potatoes and beans had irrigation water requirements of 18.5 and 17.5 
respectively. The field water supply was highest for wheat (0.07l/s/ha) and lowest for millet 
(0.01l/s/ha) for the category of crops that registered irrigation water requirements. Potatoes 
and beans indicated field water supply values of 0.02l/s/ha and 0.03l/s/ha respectively. 

 

6.1 Compar ison of crop water  use across distr icts 

A sample of three major food crops, maize, beans and banana, that are grown in the majority 
of districts were considered for this purpose. Tables 15 to 17 show the results of crop water 
use for these three crops across the six districts of this study. 

Maize 

The reference evapotranspiration values varied greatly across the districts covered. The 
highest was recorded for Kwale (662.8mm) and the lowest for Laikipia (476.2mm). The 
remaining districts of Makueni, Kiambu, Migori and Vihiga had values of 565mm, 492.4mm, 
588.3mm and 495mm respectively. 

Actual crop water use for maize was highest for Migori (211.3mm) and lowest for Makueni 
(108.6mm). The values for Kiambu, Vihiga, Kwale and Laikipia were 132.6mm, 137.3mm, 
133.7mm and 128.5mm respectively (Table 15). 

Irrigation water requirements for maize were highest in Kwale (65.4) with a corresponding 
field water supply of 0.08l/s/ha. The lowest value was for Vihiga (3.8), without any field 
water supply need. Laikipia indicated that maize production does not require irrigation. The 
Kiambu maize irrigation water requirement figure was 39.9 and its field water supply was 
0.05l/s/ha. Maize in Makueni and Migori had irrigation water requirements of 65.4 and 25.8 
respectively and corresponding field water requirements of 0.08l/s/ha and 0.03l/s/ha. Field 
water supply values were highest in the semi-arid districts of Makueni and Kwale and lowest 
for the very humid districts of Laikipia, Vihiga, Migori and Kiambu. 

Beans 

Reference evapotranspiration values for beans varied across the districts. The Kiambu maize 
crop had a value of 419mm, Makueni 463mm, Vihiga 413.5mm, Kwale 509mm Migori 
493.9mm and Laikipia 396.9mm. The highest value was recorded in Migori and the lowest in 
Laikipia. A similar pattern was observed for crop evapotranspiration values. 

The actual crop water use for beans also indicated marked variability across the studied 
districts. The highest value (218.1mm) was reported for Migori and the lowest for Makueni 
(78.9mm). Beans in the remaining districts of Kiambu, Vihiga, Kwale and Laikipia gave 
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actual crop water use values of 127.1mm, 120mm, 94.4mm and 117mm respectively (Table 
16). 

The irrigation water requirement for beans was highest in Makueni (43.9), followed by 
Kiambu (32.2). The lowest value was registered in Vihiga (2). Beans in Laikipia registered an 
irrigation water requirement value of 17.5, and Migori and Kwale had 15.7 and 19.2 
respectively. The field water supply was highest for beans grown in Makueni (0.07l/s/ha) and 
lowest for Vihiga (0). Beans in Kwale and Laikipia had equal field water supply values of 
0.03l/s/ha. Beans in Migori and Kiambu had field water supply values of 0.02l/s/ha and 
0.05l/s/ha respectively. 

Bananas 

The banana crop was identified as a major crop in only three districts: Kiambu, Vihiga and 
Kwale. Crop water use values for this crop in these districts are presented in Table 17. 
Reference evapotranspiration values for the banana crop were highest for Kwale (1309.3mm) 
and lowest for Kiambu (927.9mm). In Vihiga banana had a maximum evapotranspiration 
figure of 942.8mm. This pattern was replicated in the pattern of crop evapotranspiration 
across the three districts. 

The actual crop water use for the banana crop was highest in Kwale (295.3mm) and lowest in 
Kiambu (281.1mm) and Vihiga’s was between these figures at 293mm. Both irrigation water 
requirements and field water supply values for banana were lowest in Vihiga (9 and 
0.01l/s/ha). Banana in Kiambu and Kwale registered irrigation water requirements of 99.1 
and 61.3 respectively, and the corresponding field water supply values were 0.06l/s/ha and 
0.03l/s/ha. 

 

7. The impact of climate change on crop water  use in Kenya 

Several downscaled General Circulation Models (GCMs) were used to create future climate 
change scenarios in Kenya. Of the GCMs considered, the Canadian Climate Center Model 
(CCCM) and that of the Geophysical Fluid Dynamics Laboratory 3 (GFDL3) gave more 
reasonable results for various locations in Kenya. These models projected atmospheric 
temperature increases of up to a maximum value of 4oC with annual doubling of carbon 
dioxide concentration and maximum rainfall changes of about +20%. The CCCM model 
projected a temperature increase of 3.5oC whereas the GFDL3 projected a temperature 
increase of 4oC. 

These scenarios have several implications for the spatial distribution of the impacts of climate 
change in the country. For example, these models indicate that the regions extending from the 
western part of the country (i.e. from Lake Victoria) to the central highlands to the east of the 
Rift Valley are likely to receive mild increases in rainfall. The selected districts for 
CROPWAT analysis that fall in this domain include Migori, Vihiga, Laikipia and Kiambu. 
The remainder of the districts (i.e. Makueni and Kwale) fall in the category of the Kenyan 
regions that had projections indicating reduced annual rainfall. 

On the basis of the above highlights, the outputs of CCCM and GFDL3 were adopted as 
fairly representative of climate change scenarios for Kenya in the CROPWAT analysis. The 
CCCM represented the lower limit (3.5oC ) of the projected temperature and the GFDL3 the 
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upper limit (4oC) for this study. On the basis of the projected rainfall characteristics, two 
extremes for this study were considered, namely ±20% of the current long-term 
climatological mean value. The CROPWAT model was run using combinations of these 
parameters as data input parameters. The input parameter combinations considered are 
presented in Table 18. These scenarios were used to evaluate the impact of climate change on 
crop water use within the six districts selected for this study. 

The results of the CROPWAT analysis under each of the above climate change scenarios for 
the six districts are presented for a selection of crops based on their regional importance 
(Tables 19 to 24)  

As these tables show, the values of reference crop evapotranspiration (ETo), crop 
evapotranspiration (Etcrop), actual crop evapotranspiration (ETa) and actual crop water use 
(CWU) increased for all the three crops under the climate change scenarios that were 
assessed on the basis of temperature. It is readily seen that the higher the projected 
temperature rise, the higher the increase in the above parameters. Rainfall scenarios did not 
show any impact on these parameters within each temperature scenario considered. This is 
likely to be due to the non-inclusion of the rainfall component in the computation of crop 
water use using the adopted Penman-Monteith method. This fact is clearly demonstrated for 
all the crops. Relative to the original output for these parameters, we note that at higher 
temperature projection by the GFDL3 the amounts of the above parameters were highest. The 
CCCM output was also much higher than the original one. This indicates that the more the 
temperature increases, the higher the values of these parameters will be. This is probably a 
consequence of the interrelationship between atmospheric temperature and water vapor 
content. High temperature increases the capacity of the air/atmosphere to accommodate water 
vapor, hence the increased atmospheric demand for water vapor, which consequently implies 
high crop evapotranspiration rates. 

The results in these tables show that climate change increases the crop water use. An increase 
in temperature increases the percentage change in crop water use. The changes in crop water 
use from the output of the CCCM scenario were lower than those from the GFDL3 for all the 
districts studied. Within a set of temperature change scenarios, changes in rainfall did not 
appear to change the amount of water used by crops. The effect of rainfall changes could, 
however, be implicit in the demonstrated decrease in the amount of irrigation water needed 
following an increase in the amount of rain.  

Patterns of irrigation water requirement and field water supply deviated from the 
abovementioned trend in response to changes in rainfall. In general, increasing rainfall by 
20% from the original long-term mean for each of the two models decreased the irrigation 
water requirement for the crops studied, whereas decreasing rainfall by 20% increased it. 
This is likely to be because the increase in rainfall satisfies a greater portion of crop water 
requirement so that less irrigation water is required. In general, field water supply was higher 
during climate change scenarios associated with lower rainfall amounts (-20% of the original 
long-term mean).  
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8. Conclusions and policy implications 

The CROPWAT analysis for Kenya yielded very interesting results for the patterns of crop 
water requirements for the dominant crop types across six districts of Kenya. From this 
investigation, it can readily be seen that, for a given crop type, crop water requirements were 
location specific owing to the marked variability in the agro-ecological characteristics of the 
study district. Perennial crops (banana, mango and sugar cane) had higher amounts of crop 
evapotranspiration than the annual crops. Of the annual crops, beans had the lowest amount, 
probably because of this crop’s relatively short growing period.  

The information obtained from this analysis will enhance understanding of crop water 
requirements which will consequently help improve the productivity of both food and cash 
crops. The much longed-for attainment of stability in food security, reduction in poverty and 
general enhancement of agro-ecosystem productivity which are all Kenya’s concern, may be 
achieved through policies based on these findings. These findings may also help achieve the 
potential for increased agricultural production in the arid and semi-arid areas of the country. 
There has been a growing need to quantify water use by various consumers with a view to 
apportioning the available water resources for use by the competing socio-economic sectors 
of the country: agricultural, industrial and domestic. This calls for the formulation of 
appropriate policies to guide the use of the available water resources. 
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Table 1: Moisture availability zones with an indication of rainfall and vegetation 

Zone R/Eo(%) Classif ication Average 
annual 
rainfall (mm) 

Eo, average 
annual 
potential 
evaporation 
(mm) 

Vegetation 

I  >80 Humid 1100-2700 1200-2000 Moist forest 

I I  65-80 Sub-humid 1000-1600 1300-2100 Moist and dry 
forest 

I I I  50-65 Semi-humid 800-1400 1450-2200 Dry forest and 
moist 
woodland 

IV 40-50 Semi-humid to 
semi-arid 

600-1100 1550-2200 Dry woodland 
and bush land 

V 25-40 Semi-arid 450-900 1650-2300 Bush land 

VI  15-25 Arid 300-550 1900-2400 Bush land and 
scrubland 

VI I  <15 Very arid 150-350 2100-2500 Desert scrub 

Source: Sombroek et al. (1982) 
 
Table 2: Distr ict profiles 

Location of distr ict capital Agr icultural distr ict 

Longitude Latitude Altitude (m) 

Kiambu 36.49oE 1.12oS 1731 

Makueni 35.5oE 2.17oS 1000 

Kwale 39.42 oE 4.22 oS 373 

Vihiga 34.68oE 0.01oN 1585 

Migori 34.38oE 1.01oS 1524 

Laikipia 37.04oE 0.01oN 1946 

 
Table 3: Agro-ecological zones of Kiambu distr ict 

Zone Altitude (m) Annual mean 
temperatures ºC 

Annual average rainfall (mm) 

LH 1 Tea & dairy zone  
Limuru,  Githunguri divisions 

1820 – 2280 18.0 – 15.2 1500 – 2000 

UH 1 Sheep & dairy zone  
Lari, Limuru, Tigoni, 
Gatamaiyu, Githunguri 

2280 – 2550 15.2 – 13.5 1200 – 2000 

UM 2 Kiambaa settled area, 
Ng’enda, Juja, Chania, 
Githunguri 

1580 – 1760 19.5 – 18.4 1100 – 1400 

UM3 Kiambaa/Juja, 
Ruiru/Thika 

1520 – 1580 119.9 – 19.5 900 – 1100 

UM 4  Thika, Ruiru    1360 – 1520 20.7 – 19.9 800 – 900 

UM 5 Thika 1360 – 1520 20.9 – 19.9 600 – 730 

Source: District Agriculture Office, Kiambu 
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Table 4: Agro-ecological zones of Makueni distr ict 

Zone Percentage of 
distr ict agr icultural 
area 

Main land use activity 

High potential LM2 19.3 Coffee, maize, peas, citrus, fruits, afforestation 

Medium potential LM3, 
UM3, LM4, UM4 

2.4 Coffee, maize, cotton, beans, pigeon peas, sunflower, 
sorghum and fruits 

Lower potential LM5, LM6, 
UM6 

56.7 Livestock rearing, maize, sorghum, pigeon peas, beans, 
cotton, sunflower, forests 

Source: District Agriculture Office, Wote 
 
 
 
Table 5: Agro-ecological zones of Kwale distr ict 

Zone 

 

Percentage of 
distr ict land area 

Main land use activity 

Coastal lowlands CL2 zone  
(lowland marginal sugar 
cane zone) 

3 Main production area for rainfed rice. Most of the food crops 
grown in the district are found here. 

 

Coastal lowlands CL3 zone 
(coconut & cassava zone). 

13 Tree crops, food crops and livestock. Crops are cashew nuts 
maize and beans. 

Coastal lowland s CL4 zone 
(cashew nut & cassava 
zone) 

12 Marginal agricultural potential with cashew nuts dominating 
the cash crops.  Livestock is kept and crops produced on small 
scale. 

Coastal lowlands CL5 zone 
(livestock & millet zone). 

 

40 Livestock (cattle, poultry and goats). Subsistence crops 
(maize, sorghum, cowpeas, groundnuts, cassava and green 
grams)  

Coastal lowlands CL6 zone 
(ranching zone) 

 

32 Very little crop production potential.  Majority of farmers 
concentrate on keeping of local cattle and goats as their main 
source of livelihood. 

Source: District Agriculture Office, Kwale 
 
 
 
Table 6: Agro-ecological zones of Vihiga distr ict 

Zone Area Classification Land use pattern 

UM1 447 Humid Maize, beans, millet, sorghum, tea, coffee and fruit 

LM1 94 Humid Maize, millet, beans, sugar cane 

Source: District Agriculture Office, Mbale 
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Table 7: Agro-ecological zones of Migor i distr ict 

Zone Division Crops grown 

UM1 Eastern Rongo Tea, coffee, sugar cane, maize 

 beans, tobacco 

UM2-3 Uriri Maize, beans, tobacco 

LM1-2 Rongo, Uriri Maize, beans, tobacco, finger millet 

LM3 Suba East Maize, finger millet, beans,  sorghum 

 cotton 

LM4  Nyatike, Karungu Sunflower, sorghum,  cassava 

LM5 Western, Nyatike, Muhuru Cassava, sorghum, sesame 

 
 
Table 8: Agro-ecological zones of Laikipia distr ict 

Zone Altitude in m Annual mean 
temperatures in oC    

Annual average 
rainfall in mm 

LH 4 Cattle & sheep zone 
(Ng’arua) 

1820 – 2280 15.6 – 14.9 700 – 850 

LH 5 Lower highlands, ranching 
zone – Rumuruti, Ng’arua 

1800 – 2140 17.3 – 15.3 680 – 780 

UM 5 Livestock & sorghum zone 1760 – 1830 17.9 – 17.5 590 – 680 

UM 6 Upper midlands ranching 
zone 

1300 – 1800 20.9 – 17.8 380 – 600 

Source: Farm management handbook Vol. II Part B (Central and Rift Valley) 
 
 

Table 9: Crop water  use for  K iambu distr ict 

Crop Etm 

(mm) 

Kc Etcrop 

(mm) 

Ky Ya Ym Ks Area 
cropping 
intensity 

Etcrop 
actual 
(mm) 

Crop water  
use (mm) 

IWR 

 

FWS 

(l/s/ha) 

Bananas 927.9 0.87 807.3 1.3 9159 60000 0.348 13700 281.1 3850811.5 99.1 0.06

Beans 419.0 0.63 264.0 1.15 1009 2500 0.482 17130 127.1 2177282.4 32.2 0.05

Maize 492.4 0.67 329.9 1.25 2270 9000 0.402 21200 132.6 2810110.8 39.9 0.05

Potatoes 495.5 0.8 396.4 1.1 11684 20000 0.622 12000 246.6 2958691.3 35.7 0.05

Cabbages 455.0 0.9 409.5 0.95 69357 60000 1.164 3447 476.7 1643194.3 70.3 0.12

Notes: ETm (Maximum crop evapotranspiration), Kc (Crop coefficient), ETcrop ( Crop evapotranspiration), Ky 
(Yield reduction factor), Ya (Actual crop yield in Kg/ha), Ym (Maximum crop yield in Kg/ha), Ks (Stress 
factor), IWR (Irrigation water requirement), FWS (Field water supply in l/s/ha), ETcrop actual (Actual crop 
evapotranspiration). 
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Table 10: Crop water  use for  Makueni distr ict 

Crop Etm 

(mm) 

Kc ETcrop
(mm) 

Ky Ya Ym Ks Area 
cropping 
intensity 

Etcrop 
actual 
(mm) 

Crop water  
use (mm) 

IWR FWS 

Beans 463.0 0.63 291.7 1.15 403 2500 0.271 16700 78.9 1318264.7 43.9 0.07

Cowpea 458.2 0.63 288.7 1.15 425 3500 0.236 6500 68.1 442898.9 59.2 0.09

Mango 1618.9 0.97 1570.3 0.8 11750 35000 0.170 380 266.4 101230.4 69.6 0.03

Maize 565.0 0.67 378.6 1.25 978 9000 0.287 35700 108.6 3877684.5 65.4 0.08

Pigeon 
pea 

456.1 0.63 287.3 0.8 618 800 0.716 24750 205.7 5090912.3 54.5 0.08

 
Table 11: Crop water  use for  Kwale distr ict 

Crop Etm 

(mm) 

Kc Etcro
p 

(mm) 

Ky Ya Ym Ks Area 
cropping 
intensity 

Etcrop 
actual 
(mm) 

Crop water  
use (mm) 

IWR FWS 

Beans 509 0.63 320.7 1.15 471 2500 0.294 5048 94.4 476573.8 19.2 0.03

Peppers 640.7 0.85 544.6 1.1 5000 20000 0.091 108 49.5 5347.1 90.6 0.12

Cowpea 509.8 0.63 321.2 1.15 550 800 0.267 1533 85.8 131499.8 21.9 0.03

Maize 662.8 0.67 444.0 1.25 1137 9000 0.301 14238 133.7 1903219.0 61.3 0.08

Bananas 1309.3 0.871139.1 1.35 20000 60000 0.259 1650 295.3 487292.7 61.3 0.03

 
Table 12: Crop water  use for  Vihiga distr ict 

Crop Etm 

(mm) 

Kc Etcrop 

(mm) 

Ky Ya Ym Ks Area 
cropping 
intensity 

Etcrop 
actual 
(mm) 

Crop water  
use (mm) 

IWR FWS 

Bananas 942.8 0.87 820.3 1.35 7931 60000 0.357 1637 293.0 479609.9 9.0 0.01 

Beans 413.5 0.63 260.5 1.15 949 2500 0.461 8600 120.0 1031906.4 2.0 0 

Maize 495.0 0.67 331.7 1.25 2407 9000 0.414 14900 137.3 2045450.1 3.8 0 

Groundnuts 491.0 0.72 353.5 0.7 4750 4000 1.268 38 448.2 17032.1 0.0 0 

Sweet 
potatoes 

458.0 0.8 366.4 1.1 10857 20000 0.584 500 214.1 107053.2 0.2 0 

 

Table 13: Crop water  use for  M igor i distr ict 

Crop Etm 

(mm) 

Kc Etcrop 

(mm) 

Ky Ya Ym Ks Area 
cropping 
intensity 

Etcrop 
actual 
(mm) 

Crop water  
use (mm) 

IWR FWS 

Beans 493.9 0.72 355.6 1.15 1388 2500 0.613 9550 218.1 2083144.7 15.7 0.02

Groundnuts 608.1 0.72 437.9 0.7 1226 4000 0.009 2030 4.1 8302.4 17.7 0.02

Maize 588.3 0.67 394.1 1.25 3781 9000 0.536 18350 211.3 3877082.1 25.8 0.03

Sorghum 526.7 0.62 326.5 0.9 1853 5000 0.301 3653 98.2 358566.3 8.4 0.01

Sugar cane 1629.6 0.47 765.9 1.2 103671 150000 0.743 16800 568.8 9555635.4 206.0 0.09
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Table 14: Crop water  use for  Laikipia distr ict 

Crop Etm 

(mm) 

Kc Etcro
p 

(mm) 

Ky Ya Ym Ks Area 
cropping 
intensity 

Etcrop 
actual 
(mm) 

Crop water  
use (mm) 

IWR FWS 

Beans 396.9 0.63 250.1 1.15 971 2500 0.468 12400 117.0 1451169.2 17.5 0.03 

Maize 476.2 0.67 319.0 1.25 2281 9000 0.403 20900 128.5 2685177.1 0.0 0.0 

Millet 460.4 0.53 244.0 1 1433 3000 0.478 20 116.6 2331.8728 4.9 0.01 

Potatoes 460.4 0.8 368.4 1.1 11750 20000 0.625 3236 230.2 744991.92 18.5 0.02 

Wheat 460.4 0.58 267.1 1.15 2826 6000 0.540 9700 144.2 1398668.3 58.1 0.07 

 
 
Table 15: Crop water  use for  maize 

Distr ict Etm 

(mm) 

Kc Etcrop 

(mm) 

Ky Ya Ym Ks Area 
cropping 
intensity 

Etcrop 
actual 

(mm) 

Crop 

water  use 

(mm) 

IWR FWS 

Kiambu 492.4 0.67 329.9 1.25 2270 9000 0.402 21200 132.6 2810110.8 39.9 0.05 

Makueni 565.0 0.67 378.6 1.25 978 9000 0.287 35700 108.6 3877684.5 65.4 0.08 

Vihiga 495.0 0.67 331.7 1.25 2407 9000 0.414 14900 137.3 2045450.1 3.8 0 

Kwale 662.8 0.67 444.0 1.25 1137 9000 0.301 14238 133.7 1903219.0 61.3 0.08 

Migori 588.3 0.67 394.1 1.25 3781 9000 0.536 18350 211.3 3877082.1 25.8 0.03 

Laikipia 476.2 0.67 319.0 1.25 2281 9000 0.403 20900 128.5 2685177.1 0.0 0.0 

 
 
Table 16: Crop water  use for  beans  

Distr ict Etm 

(mm) 

Kc Etcro
p 

(mm) 

Ky Ya Ym Ks Area 
cropping 
intensity 

Etcrop 
actual 
(mm) 

Crop water  
use (mm) 

IWR FWS 

Kiambu 419.0 0.63 264.0 1.15 1009 2500 0.482 17130 127.1 2177282.4 32.2 0.05

Makueni 463.0 0.63 291.7 1.15 403 2500 0.271 16700 78.9 1318264.7 43.9 0.07

Vihiga 413.5 0.63 260.5 1.15 949 2500 0.461 8600 120.0 1031906.4 2.0 0

Kwale 509 0.63 320.7 1.15 471 2500 0.294 5048 94.4 476573.8 19.2 0.03

Migori 493.9 0.72 355.6 1.15 1388 2500 0.613 9550 218.1 2083144.7 15.7 0.02

Laikipia 396.9 0.63 250.1 1.15 971 2500 0.468 12400 117.0 1451169.2 17.5 0.03

 
 

Table 17: Crop water  use for  bananas 

Distr ict Etm 
(mm) 

Kc Etcrop 

(mm) 

Ky Ya 

(kg/ha) 

Ym 

(kg/ha) 

Ks Area 
cropping 
intensity 

Etcrop 
actual 
(mm) 

Crop water  
use (mm) 

IWR FWS 

(l/s/ha) 

Kiambu 927.9 0.87 807.3 1.3 9159 60000 0.348 13700 281.1 3850811.5 99.1 0.06

Vihiga 942.8 0.87 820.3 1.35 7931 60000 0.357 1637 293.0 479609.9 9.0 0.01

Kwale 1309.3 0.87 1139.1 1.35 20000 60000 0.259 1650 295.3 487292.7 61.3 0.03
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Table 18: Climate change scenar ios 

Scenar io Descr iption 

CCCM_LR Climate change of +3.5oC and -20% rainfall 

CCCM_HR Climate change of +3.5oC and +20% rainfall 

GFDL3_LR Climate change of +4oC and -20% rainfall 

GFDL3_HR Climate change of +4oC and +20% rainfall 

 
 
Table 19: Crop water  use for  K iambu distr ict 

Crop 

Climate 
change 
scenar io 

Etm 
(mm) Kc 

Etcrop 
(mm) Ky Ya Ym Ks 

Area 
cropping 
intensity 

Etcro
pactu
al 
(mm) 

Crop 
water  use 
(mm) 

%  
change 
in crop 
water  
use IWR FWS 

Or iginal 927.9 0.87 807.3 1.3 9159 60000 0.348 13700 281.1 3850811.5 99.1 0.06 

CCCM_LR 1015.5 0.87 883.4 1.3 9159 60000 0.348 13700 307.6 4214237.3 9.4 114.1 0.07 

CCCM_HR 1015.5 0.87 883.4 1.3 9159 60000 0.348 13700 307.6 4214237.3 9.4 103.9 0.07 

GFDL3_LR 1027.7 0.87 894.1 1.3 9159 60000 0.348 13700 311.3 4264951.8 10.8 115.8 0.08 

Banana 
 
 
 GFDL3_HR 1027.7 0.87 894.1 1.3 9159 60000 0.348 13700 311.3 4264951.8 10.8 105.4 0.07 

Or iginal 419.0 0.63 264.0 1.15 1009 2500 0.482 17130 127.1 2177282.4 32.2 0.05 

CCCM_LR 459.2 0.63 289.3 1.15 1009 2500 0.482 17130 139.3 2386124.8 9.6 46.3 0.07 

CCCM_HR 459.2 0.63 289.3 1.15 1009 2500 0.482 17130 139.3 2386124.8 9.6 29.6 0.04 

GFDL3_LR 464.5 0.63 292.6 1.15 1009 2500 0.482 17130 140.9 2413561.7 10.9 47.3 0.07 Beans 
 GFDL3_HR 464.5 0.63 292.6 1.15 1009 2500 0.482 17130 140.9 2413561.7 10.9 30.4 0.05 

Or iginal 492.4 0.67 329.9 1.25 2270 9000 0.402 21200 132.6 2810110.8 39.9 0.05 

CCCM_LR 539.3 0.67 361.3 1.25 2270 9000 0.402 21200 145.2 3077533.8 9.5 50.0 0.06 

CCCM_HR 539.3 0.67 361.3 1.25 2270 9000 0.402 21200 145.2 3077533.8 9.5 39.4 0.05 

GFDL3_LR 545.5 0.67 365.5 1.25 2270 9000 0.402 21200 146.8 3113087.5 10.8 50.9 0.06 

Maize 
 
 
 GFDL3_HR 545.5 0.67 365.5 1.25 2270 9000 0.402 21200 146.8 3113087.5 10.8 40.0 0.05 

 
 
Table 20: Crop water  use for  Makueni distr ict 

Crop 

Climate 
change 
scenar io 

Etm 
(mm) Kc 

Etcro
p 
(mm) Ky Ya Ym Ks 

Area 
crop-
ping 
inten-
sity 

Etcr
opact
ual 
(mm) 

Crop 
water  use 
(mm) 

% 
chan
ge in 
crop 
water  
use IWR FWS 

Or iginal 463.0 0.63 291.7 1.15 403 2500 0.271 16700 78.9 1318264.7 43.9 0.07 

CCCM_LR 504.3 0.63 317.7 1.15 403 2500 0.271 16700 86.0 1436010.1 8.9 49.9 0.08 

CCCM_HR 504.3 0.63 317.7 1.15 403 2500 0.271 16700 86.0 1436010.1 8.9 47.5 0.07 

GFDL3_LR 510.2 0.63 321.4 1.15 403 2500 0.271 16700 87.0 1452668.2 10.2 50.6 0.08 

Beans 
 
 
 GFDL3_HR 510.2 0.63 321.4 1.15 403 2500 0.271 16700 87.0 1452668.2 10.2 48.1 0.07 

Or iginal 565.0 0.67 378.6 1.25 978 9000 0.287 35700 108.6 3877684.5 65.4 0.08 

CCCM_LR 615.7 0.67 412.5 1.25 978 9000 0.287 35700 118.4 4225509.4 9.0 72.7 0.09 

CCCM_HR 615.7 0.67 412.5 1.25 978 9000 0.287 35700 118.4 4225509.4 9.0 70.9 0.09 

GFDL3_LR 622.9 0.67 417.3 1.25 978 9000 0.287 35700 119.7 4274786.8 10.2 73.7 0.09 

Maize 
 
 
 GFDL3_HR 622.9 0.67 417.3 1.25 978 9000 0.287 35700 119.7 4274786.8 10.2 71.8 0.09 
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Table 21: Crop water  use for  Kwale distr ict 

Crop 

Climate 
change 
scenar io 

Etm 
(mm) Kc 

Etcro
p 
(mm) Ky Ya Ym Ks 

Area 
crop-
ping 
inten-
sity 

Etcro
pactu
al 
(mm) 

Crop 
water  use 
(mm) 

% 
change 
in crop 
water  
use IWR FWS 

Or iginal 509 0.63 320.7 1.15 471 2500 0.294 5048 94.4 476573.8  19.2 0.03 

CCCM_LR 559.04 0.63 352.2 1.15 471 2500 0.294 5048 103.7 523425.9 9.8 29.34 0.04 

CCCM_HR 559.04 0.63 352.2 1.15 471 2500 0.294 5048 103.7 523425.9 9.8 21.46 0.03 

GFDL3_LR 566.42 0.63 356.8 1.15 471 2500 0.294 5048 105.1 530335.8 11.3 30.07 0.05 

Beans 
 
 
 GFDL3_HR 566.42 0.63 356.8 1.15 471 2500 0.294 5048 105.1 530335.8 11.3 22.1 0.03 

Or iginal 662.8 0.67 444.0 1.25 1137 9000 0.301 14238 133.7 1903219.0  61.3 0.08 

CCCM_LR 727.1 0.67 487.1 1.25 1137 9000 0.301 14238 146.6 2087895.2 9.7 93.1 0.11 

CCCM_HR 727.1 0.67 487.1 1.25 1137 9000 0.301 14238 146.6 2087895.2 9.7 72.8 0.09 

GFDL3_LR 735.2 0.67 492.6 1.25 1137 9000 0.301 14238 148.3 2111155.6 10.9 95.1 0.12 

 
 
Maize 
 
 GFDL3_HR 735.2 0.67 492.6 1.25 1137 9000 0.301 14238 148.3 2111155.6 10.9 74.7 0.09 

Or iginal 1309.3 0.87 1139.1 1.35 20000 60000 0.506 1650 576.6 951381.0  61.3 0.03 

CCCM_LR 1422.7 0.87 1237.7 1.35 20000 60000 0.506 1650 626.5 1033749.6 8.7 57.7 0.04 

CCCM_HR 1422.7 0.87 1237.7 1.35 20000 60000 0.506 1650 626.5 1033749.6 8.7 45.5 0.03 

GFDL3_LR 1439.0 0.87 1251.9 1.35 20000 60000 0.506 1650 633.7 1045607.9 9.9 91.6 0.06 

Banana 
 
 
 GFDL3_HR 1439.0 0.87 1251.9 1.35 20000 60000 0.506 1650 633.7 1045607.9 9.9 46.4 0.03 

 
 
 
Table 22: Crop water  use for  Vihiga distr ict 

Crop 

Climate 
change 
scenar io 

Etm 
(mm) Kc 

Etcro
p 
(mm) Ky Ya Ym Ks 

Area 
crop-
ping 
inten-
sity 

Etcr
opact
ual 
(mm) 

Crop 
water  use 
(mm) 

% change 
in crop 
water  use 

IWR FWS 

Or iginal 942.8 0.87 820.3 1.35 7931 60000 0.357 1637 293.0 479609.9  9.0 0.01 

CCCM_LR 1013.6 0.87 881.8 1.35 7931 60000 0.357 1637 315.0 515604.5 7.5 30.2 0.02 

CCCM_HR 1013.6 0.87 881.8 1.35 7931 60000 0.357 1637 315.0 515604.5 7.5 5.8 0 

GFDL3_LR 1024 0.87 890.9 1.35 7931 60000 0.357 1637 318.2 520884.7 8.6 31.3 0.02 

Banana 
 
 
 GFDL3_HR 1024 0.87 890.9 1.35 7931 60000 0.357 1637 318.2 520884.7 8.6 6.6 0.02 

Or iginal 413.5 0.63 260.5 1.15 949 2500 0.461 8600 120.0 1031906.4  2.0 0 

CCCM_LR 445.6 0.63 280.7 1.15 949 2500 0.461 8600 129.3 1111934.6 7.8 13.6 0.02 

CCCM_HR 445.6 0.63 280.7 1.15 949 2500 0.461 8600 129.3 1111934.6 7.8 1.8 0 

GFDL3_LR 450.2 0.63 283.6 1.15 949 2500 0.461 8600 130.6 1123413.5 8.9 14.5 0.02 

Beans 
 
 
 GFDL3_HR 450.2 0.63 283.6 1.15 949 2500 0.461 8600 130.6 1123413.5 8.9 2.4 0 

Or iginal 495.0 0.67 331.7 1.25 2407 9000 0.414 14900 137.3 2045450.1  3.8 0 

CCCM_LR 533.5 0.67 357.4 1.25 2407 9000 0.414 14900 147.9 2204375.4 7.8 19.0 0.02 

CCCM_HR 533.5 0.67 357.4 1.25 2407 9000 0.414 14900 147.9 2204375.4 7.8 3.3 0 

GFDL3_LR 539.1 0.67 361.2 1.25 2407 9000 0.414 14900 149.5 2227474.5 8.9 20.1 0.02 

Maize 
 
 
 GFDL3_HR 539.1 0.67 361.2 1.25 2407 9000 0.414 14900 149.5 2227474.5 8.9 4.1 0.01 
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Table 23: Crop water  use for  M igor i distr ict 

Crop 

Climate 
change 
scenar io 

Etm 
(mm) Kc 

Etcro
p 
(mm) Ky Ya Ym Ks 

Area 
crop-
ping 
inten-
sity 

Etcro
pactu
al 
(mm) 

Crop 
water  use 
(mm) 

% 
change 
in crop 
water  
use IWR FWS 

Or iginal 493.9 0.72 355.6 1.15 1388 2500 0.613 9550 218.1 2083144.7  15.7 0.02 

CCCM_LR 509.2 0.72 366.6 1.15 1388 2500 0.613 9550 224.9 2147503.6 3.1 27.9 0.04 

CCCM_HR 509.2 0.72 366.6 1.15 1388 2500 0.613 9550 224.9 2147503.6 3.1 17.2 0.03 

GFDL3_LR 513.0 0.72 369.3 1.15 1388 2500 0.613 9550 226.5 2163445.7 3.9 28.7 0.04 

Beans 

GFDL3_HR 513.0 0.72 369.3 1.15 1388 2500 0.613 9550 226.5 2163445.7 3.9 17.9 0.03 

Or iginal 588.3 0.67 394.1 1.25 3781 9000 0.536 18350 211.3 3877082.1  25.8 0.03 

CCCM_LR 616.0 0.67 412.7 1.25 3781 9000 0.536 18350 221.2 4059778 4.7 57.3 0.07 

CCCM_HR 616.0 0.67 412.7 1.25 3781 9000 0.536 18350 221.2 4059778 4.7 36.2 0.04 

GFDL3_LR 623.0 0.67 417.4 1.25 3781 9000 0.536 18350 223.8 4106045.2 5.9 58.8 0.07 

Maize 
 

GFDL3_HR 623.0 0.67 417.4 1.25 3781 9000 0.536 18350 223.8 4106045.2 5.9 37.6 0.05 

 
 

 

Table 24: Crop water  use for  Laikipia distr ict 

Crop 

Climate 
change 
scenar io 

Etm 
(mm) Kc 

Etcro
p 
(mm) Ky Ya Ym Ks 

Area 
crop-
ping 
inten-
sity 

Etcro
pactu
al 
(mm) 

Crop 
water  use 
(mm) 

% 
chang
e in 
crop 
water  
use IWR FWS 

Or iginal 396.9 0.63 250.1 1.15 971 2500 0.468 12400 117.0 1451169.2 17.5 0.03 

CCCM_LR 432.8 0.63 272.6 1.15 971 2500 0.468 12400 127.6 1582279.4 9.2 27.4 0.04 

CCCM_HR 432.8 0.63 272.6 1.15 971 2500 0.468 12400 127.6 1582279.4 9.2 17.3 0.03 

GFDL3_LR 438.1 0.63 276.0 1.15 971 2500 0.468 12400 129.2 1601657.1 10.4 28.1 0.04 

Beans 
 
 
 GFDL3_HR 438.1 0.63 276.0 1.15 971 2500 0.468 12400 129.2 1601657.1 10.4 17.9 0.03 

Or iginal 476.2 0.67 319.0 1.25 2281 9000 0.403 20900 128.5 2685177.1 0.0 0 

CCCM_LR 519.5 0.67 348.1 1.25 2281 9000 0.403 20900 140.2 2929807 9.1 45.0 0.06 

CCCM_HR 519.5 0.67 348.1 1.25 2281 9000 0.403 20900 140.2 2929807 9.1 33.4 0.04 

GFDL3_LR 525.9 0.67 352.3 1.25 2281 9000 0.403 20900 141.9 2965503.4 10.4 45.9 0.06 

Maize 
 
 
 GFDL3_HR 525.9 0.67 352.3 1.25 2281 9000 0.403 20900 141.9 2965503.4 10.4 34.2 0.04 
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 Figure 1: Agro-climatic zones of Kenya 
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Figure 2: Distr icts and agro-climatic zones of Kenya 

 

 
 
 
 

 

 

 
     


